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Abstract : Basic research for the determination of boron content in biological sample has been carried
out using the PGAA facility of the 24MW research reactor(HANARO). For investigation of

characteristics for the measurement condition, neutron flux and its homogeneity were measured at
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irradiating geometry. The size of thermal neutron beam collimated from beam guide is 2 x 2 cm’ at
the sample position. The neutron flux measured was the range of 1.0 ~ 6.5 X 10" n-em™s”, and flux
distribution from center within the radius of 4.5 mm and 9.0 mm was 5.77 + 0.71 x 10" n-cm™s”

and 4.68 = 1.64 x 10’ n-cm™s™, respectively. Accordingly, sample size is adjusted within 10 mm for
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a homogeneous irradiation of high quality. Measurement system is designed to reduce the background

source by Compton scattering and to improve the analytical sensitivity. To investigate the energy

calibration and Compton suppression effect of gamma-ray counting system, the background conditions

on both of Compton and single-mode were measured using NaCl standard. On the other hand, degree

of spectral interference for sodium 472 keV peak as a matrix effect in the sample is established for an

accurate boron analysis, and then boron content in three certified reference materials (NIST SRM 1570a,

1547, 1573a) was measured by using two modes and the results were compared with each other.

Key words : HANARO research reactor, Prompt gamma neutron activation analysis (PGAA), Boron analysis,

Biological sample
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2.1. PGAA EX|

PGAA ZA|E Fig. 1 o RSl uiel o] stz ¢
AR STl TARAAE &7 Aol A=tk 5484
AES HJ3ll FHZAHA pyrolytic graphite(PG)7} ©]-§
H3, {%Z7] (beam collimaton)s F=4=}, 7wia
2 &S S35 Y30 borated plastic, &,
golgal 55 o]&ste] ARl Hlo] H&dE &
UEE FAHY Stk F44 22715 53 344
AEe FEHEF ASYXAA W Z77F 2x2
cm’o] HEE 2gHo] k" PGAA FX9 2HeA
2 Table 13+ 2t}
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Fig. 1. Layout of PGAA facility in the HANARO
research Reactor.

Table 1. Main specifications of PGAA facility.

F ol 8 Bl Yol U AT

Beam Port ST1, 24MW HANARO

Beam Size 2 x 2 cm’

Bragg diffraction tech. using

Beam type . .
pyrolytic graphite crystal

Neutron flux (Cd-ratio) 6.5 x 10" em™s’ ( > 250)
n-type HPGe, with BGO shield
43% at 1332 keV (“Co)

1.9 keV at 1332 keV (*Co)

25 cm (Sample to detector)

y-ray detector
Relative efficiency
Resolution

Distance
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BAZCE =o]7] 98] Fig. 2] Helupel 7o) HPGe
& zyom Fwe sl BGO HEVE 1
Z A GAk” FAE7 Azd

2HE e AR AET)9) deAgate] ~HE

2 ASE AAR7] flske] H=
8 94 222 SHE FY5ATE 9714 BGOE #
=& A5 (Compton suppressor)Z O|-&-EH T = A3}k
Aok olgk & FxE BGOTE €29A A=A
Aot 5 HE @ASA FIANA F7] otk
T3 BGOE S
7.3 glem’)o]7] W
% s $As] A

£ ARSl F3e Wel U} 45 A4 ol

H
"17J =2 T FAsen, 44 & 3400

Hlo] Wk} Z2=zlo] &7 AR
l

AEAA AN DA Lol U EEES Potr
7] $13] gold monitor (Rx Experiment Co., USA,
99.998% purity activation wire)S |83l =73}tk

249 W #7122 em)l 250 ok 10 mg <
Au wireS ZolAM 45 mm HHo= 5 x 10 /e A
AR wdE BUEY Sl S48 2 gold wire
AR SAHNL 4T T TR AL F
"Aug] 412 keV TS 30027 AFd] WA
A E ol g3t AW, FIIR vk foil g ©
&3to] AR AN SR whE 4 TR W
S AT

220, 84 3 vigrmERo| 27

dzt2 g4 Fupd 29 %4 et 545 9
obal7] 915kl 0.5 mg AES] E4F (H;BOs, 99.999%)
< 05 mL £°9] polyethylene vial (8%7 mm)ol]l ¥ =
AIRIA S8t ek g AlsTE gle AdEe W
229 AlE B vial2RE HAse Wt
FFe s fste] 2FEY FHS FHEAS
o, AANE LHIENA T49] 478 keVote] F11
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Fig. 2. BGO configuration and electric circuit. (The detector system consists of a high-purity Ge detector surrounded
by a BGO scintillator as an annulus type)

A dzoz AEA YEFY 472 keVE HAFY] 91 £ 10 ~ 68x10 nem™s! WHE ZA=F o] x4
3te] B (5.08, 11.02, 22.41 and 34.63 mg)S &L Q1 zo|r} HoH, %*u‘%i%i Y73 45 mm WY (1570

A
E 93UEF NaCl, 99.999%)S ZAste A8  RUE)Y HF 44 UE7 AAE 577:0.71x107
UEF ol 2 27 ASFE 39 nem”s’ 283 ¥4 9 mm WY @57 BUE)IAE
003 Samco| Al 4.68+1.64x10" n'em”s'E UERITE ¥3 9 mm o]
AN F A &3 WA= 27 W 4.5 mm ©]
o]} BAo] =X = 17 of
PO AT Bl Th T A R e ek sk % AT A deliten) A
© HEAQ] TASRES B4t (HBOs, 99.999%)°]H, o] ¥ WA wAlE- o] lr—o].x] S o 2= 99u)
BAS 54 (deionized water)o D}ﬁlx—‘}oi 3 XNA
T EFASE AFg B AFdA e g4 A7
0.63, 146, 759 pgdl W2 23 ASFE &3]
RS AAS Fo @AHAS FAs9eH 2229 —@@@-@W@Q (T
ARATNE vl 2 NEFY T4AE dFHoT FF

7] 918 PUe e
Pl 4 e RS AS SO

AEANEFY o429 s SHst vlwsty] 9

sled 1% HFEHS ol&sth 339 AEAR @@.@6
3.40/158.77]6.178) 16| X 4,06/ (1.8
(NIST SRM 1570a-Spinach Leaves, NIST SRM 1547- RN AN 4
Peach Leaves, NIST SRM 1573a-Tomato Leaves)o] gt
29 gl 2EYS 248 SYE 2hAde) | O P ORI

el ARTe SAagEe 2Asth

N

AN A AU S oASPAS )

4 jéﬂl' 5‘:' JE 4.5 mm
|«
4.1, NZSIxlel EMANY M 27 mm
Al 2 ZA A Z=A2 & 2 Ax =S 2= . . e
1E2AE FHA A& H AR S 7 Fig. 3. Distribution of neutron flux at sample position
A3 AR Fig 39 Uephon, 4344 e A% @unit : 10" n-em?-s1).
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gt Y AR M E AlE9 =717} 10 mm
oz 2AE Havt JdoH,  FHANE 3 A
29 37]E 10 mm oJWZ FY3A ARste] 24|
o] &3¢tk vhE foil & A|Z AR F9eA 4,000
Z 5<% 30 43 WEe] 23 VY 645 keV S A
240 i3 Py EFAHR= 42,370+380 counts =
A Zepd 239 BAH Qe & o)z} flolM
Azl B2 & F429] MEE 1% °J3E YEstT:

4.2, HTHE 9FER|Q HIm

B 2Ad o]&3 F #E7|= n¥ HPGeZ 0.5 mm
Z7)9) beryllium windowo] ¥Cooll thal 43% A&
T} 1332 keV Zuldo) 22 keV £35S 7HRz dch
8tle] BGO ZH&7|t 3|=2o| dZ= BGOZRE &
g AzE A7 gHl X9 A2 EejEo 3=
U] Ge 2138 x}Hshe trigger logic A3 2 o] &€k
BGO A3E 1 usZ A HA|A BGO ADC jde] AR
AE7} g3, 98 AFE wal#HA BGO ADCH| ofg
21 A3yl g2 4k 9dr=e HIH FE
%49 A8E ¥ug ZHE Fig 4o BA2n, A
Uz 497 nouA G W= FgHz}
16914 13744 A7t & FAF 5 AUSATh |2 R
A= FGo)X Compton continuumdj &3+ ZHa}i
o go] AHHoZ wjAFH FEI AFAE E&
F Atk o9 2L X9 Hle A wet FAS
A" (coincidence counting method)S o] &8 7¢ &
A3 Eolg ZALE HolH olF WHEL AFAFLR
AZE A g% Wazes d&d T I4FE F
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Fig. 4. Comparison of background spectrum by Compton
and single mode
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AF2 ol o) A=W HIE FASHA FIANA HE
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£ 37 (Detection Limit) o] oJ3f 37}=]m, 54 Ao tf
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second/ug) 3T TR A Azt F AE e A
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A31t}h” PGAA Y] BM7}% (sensitivity): thermal neutron
cross section, counting statistics, background @I
interference®] F3-g wr=th 7R BaE AE 34
T ZF APAv Zold FEY AR M2 OE A
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0.1 pglg o2 A=A

fr o e

4.3, B2 U uig AHEY

d 2N29L ol8ste] A=Y $28 AU
A BB3T AEVALS Boh w37) Qa4 Mol
o she E Sh}e Age BReA HUEIE B
£ Lotk WA PGAA FEAZWOERY UAE
£ Maskecs AR 2 vilzyE wgse wag
229 93¢ 2] Jsd 29EY 29 59
ST Fig. 59 £EY 398 3o 2AEYLS Uy
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16E+04 [ - - - - - - .‘ ------ b‘ ------
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Fig. 5. Boron peak broadened by Doppler effect.
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SHEHA A YEFNa)S 472 keVe} 529 478 keV
7t F3E gojart HEHAY. ©)5¢ Fig. 63 Fig
79 YRSt $HE Holad 23 AZF
AlE7F Qe AElolME 0.99 cps, blank vialo] 7=
AEolAE 1.80 cps E X EFHO AA A8 A
Y Aol e FEE 4 30er blank vials] 23]
NE ZHARZ RS ¢ & AUk & dA AR
& vialE Nao] gle Teflonz} 2& T 1&E A=
A st S Haslele HEAEE FEAE e
7 A3

520 54 ¥ol3E Nao FFo] EFE 5 Ao
o, oldl g Ase3 FES Ho198] NaCl AES
o] &3ta] Nadl 472 keV Qo) B A5 =33
ch Fig. 8& Na 2MEo2RE ¢ ATE 47 9
g 7he- fiting® Wagkes APHE RAFm Yok

36E+04
CPS of 472+478 keV : 0.988
32E404 | - - - - - - - - '-\ -------
® ® N B478kev
0%° o
2 28E+04 t - - - - A - o ~ L - - -
E ) ....O..
S ' K o,
24E+04 10g0®® L _ . . _ ¢ 5
. . Nad72 keV ®o0e®
20E+04 — -
722 732 742 752
Channel Number

Fig. 6. Background spectrum of PGAA system without

sample vial.
45E+04 CPS of 472+478 keV : 1.8
[ ]
41E+04 +
@ 37E+04
5 ° .
5 . o ’000
O 336+04 g ®ss
000’ . 72 ey %
20
29E+04 |—
B 478 keV
25E+04 ' ;
722 732 742 752
Channel Number

Fig. 7. Background spectrum of PGAA system with
sample blank vial.
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oY
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2]

16000
<+@®:-+ Na Measurement
Gaussian Fitting
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14000 —

12000 Na 472 keV
Na weight 5:08 mg
CPS=2.114

FWHM=2.1 keV

Counts

10000 —

8000

728 730 732 734 736 738

Channel Number

Fig. 8. Gaussian fitting from Prompt gamma-ray spectrum
of Na.

o] A& fiting e UFol Bao =Z8 F49
3ol Nadl FFE AANY A% g gagsz
o] -&-5t% ). &4 AT&E 27 Y8t Nao 472
keVe] WMIale=E Nao FA9 w2 Ase NG
o] g3l AL FAE BA ¢S oS B4,
vialo) &% ¥ =g 1jste] AASAT Fig. 9 &
Na EZAEY FAH Asgd de dead=s 2
oAF3 3tk o] 49} Gaussian fittingS o]&35}] 2
W Na g weE 4F=E AT o9
& WL olgdle] Ba Ago|Ae] B¢ w2 A

')I:'% & i 9\1‘:}'
16
1 @ Na(cps)
14 4 — y =0.35231*X + 0.301573 o~
1 R’ =0.999 /
12 /

—
]
1L

N

Counts [CPS]
-

2:/
. —+—+—-—r—pr—rr—r—rt

0 10 20 30 40
Na Mass (mg]

Fig. 9. Calibration curves between Na mass and count
rates(cps).

Analytical Science & Technology

Copyright (C) 2005 NuriMedia Co., Ltd.



Uz Sizheld PALSHE

4.4. 829 STEY

AEA B F20 AFE Ast] SRS 7A
€ 2Este Funtd S4d wE A4 AsEs
FA o A g AEFAE 73k Fig. 109
€ gYREE 24 A0 AHEYSE Bfen ¥
’\’E}a“l 5=°—rﬂ F Aot o ¥ A=t &
+ AU Fig. 11°¥1‘_ o9 2 AZEY F
7}7~] “”o EEE o8l A2 AYFAUE YEle
B H8d T49 F=H4 LH°1]/‘1 2 A7k gl A
L2 YERAT =7t RopdFE Aot o
BEE BT oA AFALHS NI E FFH
g¥o] glor HZE ZE9 FH{d T HETAY
7§do] o dFstn 3ok

157,588 pg)
108(1.463 pg)
190,632 pg)
472y

(472 + 478) y

23Na (472 keV)

Counts [arbi. unit]

730 740 750 760 770

Channel Number

Fig. 10. Comparison of count rate(cps) obtained from B
sample with weight

O B-single
—— y=1.3691 * X + 0.9053
R?=0.998

Counts [CPS]

W B-Compton
——= y=1.3619 * X + 1.0496
R?=0.997
N B e e e B
0 2 4 6 8 10

Boron Mass (ug)

Fig. 11. Calibration curves between Boron mass and
count rates(cps).
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Fig. 120 A7} AFSEFEZA (NIST SRM 1570a-
Spinach Leaves, NIST SRM 1547-Peach Leaves, NIST
SRM 1573a-Tomato Leaves)ol| T3t EAADE Q=717
vmstgen Hid ERRTE HmLsil e A
ZX)2 (Spinach Leaves), B-%0}9] (Peach Leaves), EVIE
9 (Tomato Leaves)®] 243t z+zt 38.70£0.83 - ugg,
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oA 3 ~ 6%E YEHoH BEF 49 HAE B
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42
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36 : T
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] I
a 3
30 1
27 - S
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Fig. 12. Comparison of analyzed and certificated values

for NIST SRM
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o A 712 AZEFEA (NIST SRM 1570a, 1547,
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ANG & AFE HudATh o] AEAIRS g
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