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HREALDHEA, ERERFEROTRE R, (FRSNIEE DL L IZZOERTOAHIT
EOX vy E—va v OEERITTEITHEAL TV A,

EALELASED STz, —F. By G N, 0 2 K OBILESE: L L TR B FRETH LS
(CPAA) 72 & NI KB FHaH LT (PAA) ASEI S T B, CPAA L, B, C. N. O WL d ppb
754 7 ppb LRVOGHFD T RETH B VS, 5iralkl & BAERESUEH I A AL+ D
FHIEAEDEVFHIET ALENH L, — 5, PAMIITER FOMIEED BV EHIET 2 4%
AV, C NI L TOARBHERETH L, ZDLHIZ, (PAA L PAAZZENEN—
E—ShH b, $72. BRKMEAT BN, 1IC, BF L@ TH ), FRENTHTE L7ALF 54
HEIIHFTEX L, 20k REA,S, CPAA & PAA IBRCESME L L CTHEBWTEL W
Zho TI T, PMICLBMBHOBITESHOBIE LT, BEDHEFEORFENIZL
bRV, FESEDONTWAHFTFTELRMLIZET 7 4 N\ HEEGHIZH O NA
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HoBIE L CEEFORE, EROFEBIE FHRIHEGATIC OV THEEZ BT 5o

1. 7747 Y THA T AR REZEDNEF LD
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A A ERFMUI LR 27 AW T A, InFs R 7 v L7 7 A Ga-Na-S R AV
ATFARHITARLUNE TeQ, x ERBETDTNVTA PATAZIL—FHb0IENKT 7
ANBEESRORGF LR M LTS Twb, Lo, 77 AREPOREER, K
R EDORMBDE N T ADKFEHFEWIHEE G2 5720, TNOLEDOERGZEENEE
NTWE P INSH T AFOEFEIZOWTET TS LA OMmER Y05 5 55,
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FREHEGHTEL UC OFBHIAY 20 min LR, T2, HIRRROMEZLEE Lni e
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2) EB
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O 7% B [FREETH A E TR AR 2 e L7,

3) MR EEL

< v 2295 (,n). (v,2n), (y,p). (o, YRIGIZE D MIn(T,=14.4 m, B*. EC).
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Lt HADBERTERENT:TVIA MVHIAMORFEEYHEL., LFHFEHELD



BREBOL TS, SHIZ, AFEDHRETH L FOPEICONT, RNH T L 2EEK
12U, BF & UC RGBT A BB R L TWwE v, A id, EHAE D & IR 0 4B
FC—TRETRDLALLD, BENEETHIHFMERT 5, (PAA ~OFIHDOEZTWET
Vi,

2. BESORE, EROFEMELE THEHLSITEOMKET

1) ILsiz

RN REHM LT, BEZRORMBRRESRBETH L Z L, /o, HEFE
ELTHHATEABRTEEEREA 2 VI eSO INT TEID L VI EK I E
SN0tz W, Rl BROBITLESTZ B & L7 BALF B LA O
HAEDONTWE, Thbb, EHGERIZOWTIE un DfbFL v F 2 7 EORSE
RPHEFEHA LS CIIBRCOERICE ) ZOELIR LT EVTRELE 2o TS
60, —F. BIURERAFI OV TIIIEBREE L L TH 2 \WITIEMERFIER O E
A E LTARITRTH S ¥y B TRIRyRSATE TIRE 2 e Lok 7 RIE &
Zie L L CHW., BN THREHMLSTIC L 2K, BRO BOEEI frbh/Y L
La25  CONOSHToZERe s L CTHEATE 2EEREHII N E TR I N Do 7,
AAFFETIE, MR AL I 5 EEEERE 2 ERT 5 L2 HRYE L T,
Si B EITPER U7z ikAb 7 A R (SIO B, 217 4 F(SIN)EHD C. N OIFELE
FRIHEGATEDORET 21T 0720 S DI ERGT O /- OREHEREL L LT M %3
filil 7z,

2) EBR

AT 72 R RHE FZ - Si M (100 gx1mm [€) Rz~ 7 % ba v A8y ¥ T
FLU72SICBLOSEN, T, WEIZFHO0.1, 0.3, 0.6 un ThH b, Zhr, [M2.1IRLAX
I 2= RAE X DU L ToMEE (5 x 5 mm) & L7z, ZAraREHZ. HS0,-H,0,
REW., MK, =F V7NV a— VOIRICHTHBEREE L2, COLBAREREIZIEE x
5m (ZYIMT L7ZE S 0.5 mDY 7774 Mgk, NORBFEEGEIZIE, 5 x 5 mn (ZE0HT
L7222 & 0.5 mm OFEfbrr#HE BN) HEkERzr H\ 7z, BEREHE, X 2.2 1R T HETHE
L7 oA 2HMOERA*ENQNTEZI Sum O 7 IV I =7 LAFIZAABERRAE L L,
INZT NI 2T LAFHTEALZLEREERE 2 BTHRA, SHIXT NI =T AHIEAR,
AFEEGME 104, AE 9¢gm) IFFA L7z, ARENLTEZEIZL, N T LATATERT
LIEERE ) R L7, HAL,

HIB G AR BRI AL K F B AT B R A2 B ST X O BTN EF 2 & b . BRS
T AV F—25~30 MeV T 10 min 472 720 HIBIRATHRAEST L7230HE 7TV 3 =7 A2 HLY
Br&. Ge(Li)fRii#7 —4096ch M AHTEEIC L) BrE ORI FME T D & LT sellE =
1TV, 5llkeV y#ROWEMBR L KD, BILTRIRE (Cx 5 g/em?) 133 (1) LY B L7,



Cx=(Ax/As) (W/S) ———————- (1)

I 2T Ax IZIREMBOEEIARRATIC X D K72 U0 F 7213 BN DARIUTRE. As I HEE
SR O A ST RE . W EERE R OB TR ER, £ 512, SIIFHFNIKRD O
KEOHEETH DB, PHABOER (S IXLTO LI L TllE L7z, oaE0HE
BEAEERICI VI RaY—-L, ShEYhED, MAOEE2E L7Z AARIZ5 x5
m DEFEEFE CERTIAaE—L, Yk, #E2L. 2RO EE L KKTLH 2L
CEDEAEREN L 5 x 5 mm OB ALK Y — LA 21 O ERIL 28.43+
0.74 mg TH ), HIEERZIZ2.6 ¥THo7,

3) FERLELE

T3, WEOREKICHAV - FZ-Si # B L., 511 keV yOERLLZWEL, b v
7 ADS DIFEDREE, FHEEH ABEONY 7 L HABBRORYREZME Lz, K 2.2 124l
BT IRET L7z Si A5 d 511 keV y#EOREMM X R M IR ZFER T ) LK
E L. BEHCTEBIIHETREBEESKE VW OMESRNOE L, BEREOREIIFIE LT
B E D Tl L, MR 2 i L CREIRZ ko7, I ), 511 keV y#RI&
A 6.6 min TIHET 2 2 LG Db VAT MIVTIE ZAL 205D 1273 keV y #1270
% 750 keV fHEIC by ASHIE STz, ZHU, 1273keV Yy DY Y I NVI Ay —TE =7
rEZ LN, L7225 T, HOD 511keV y#EOMEMARIL PAl 2 S S 7z y ROBEFA
ERIZE DI DO NE o7 FUZIESEDD SN OREMMA S B TR Lz, ULk
DIERNS, FABRIZE YV RRPORE, BEROBEOHCIENTEA I L, Si FiK
MORMYRE, BEPOOERMRTELI L, /2, PAl »OOPENEHR TS
20~30 min BIZHEE B L2 D LW T &AW h o 7,
2.3 |- BB RS BRST L 72 SiC B, SiN, I 512 5 7z 511 keV y MO RFE MR % R T o
2A| D BRETAEATA Z 7 0Bl E I BESHE T 25~50min 12 ICHRIEEA S 5 om FREEREALT
R8T o720 &1, SiCIEDREMMO LRI UCI1Z—B L. Tz, SiN,EORE
BORBEAIE NI T B 2 Dol Tz, MORFEIBG DOESIZEED bl
Bolre E1IEEERYRT. KESHEIZ4~25 pg TH ), BVEREDH 2D DRER
FHT7.940.6 pg/em? ~37.0+1.3 ug/ct ThHotzo —F. BROSHEIZ4~28 pg TH
D, IR 9. 0£0. 8 pg/em?~53. 0+3. 0 ug/cn? TH o 720 4 2. 4 IZBRE I § 5 .
e EBEEEAL AR L7 IS B L SIC B X U8 SiN, 2V 7 BEE (3.2 g/cm®, 3. 185 g/cm’)
01020 5 B L 7B S R L7 & 0 LB E I IRE A AT IS LAV RS A 2 &
I WEBEIEVTNROEEMEI NN SV ENF otz T, BEOBEENILILL
TwaHErEbin, BEE NV RHBOBE, OB TREELENTE 2N LE2RT
SDTH b, LzhoT, MEHMLAW CEELZHO M L BB 2 FEWE ISR
BILI3EEEEZLND,

7B, BEHET 30 min BICHIELBEET 5 & L THRFROBEERED 3 52 TR



ReT2HEREOERRFE, KFTO0.3 pg, EHRT3 pg ThHo72

Fro, ABFgE TR, BRESEEE L LT, REMSF2 &1L b2y 72 70
ERZEsE o 2 L 220 L *N(a, n) BF RUS & FV BUBHEIA O F 5825546 7 & BRIZ
G EHEET B HEDIRE L,

EE BN
1)K.Shikano, H.Yonezawa and T.Shigematsu: J.Radioanal.Nucl.Chem.,
167(1993)81
2)Y.Nishida, T.Kanamori, T.Sakamoto, Y.Ohishi, S.Sudo: J.Non-Crystalline Solids, 221(1997)238
3)K.Fujiura, T.Kanamori, S.Sudo: in S.Sudo (Ed.), Optical fiber amplifiers, Artec House, Inc.,1997,
p.200
4)K.Shikano, Y.Nishida, K.Kobayashi, T.Kanamori, M.Shimizu, K.Masumoto, T.Ohtsuki:
J.Radioanal. Nucl.Chem., 253(2002)25.
5)K.Masumoto, K.Shikano, T.Ohtsuki, Y.Itoh: Anal. Sci., 2001, Vol.17, Supplement, p.i641
6)M.A Misdaq, G.Bloddiaux, J.P Andre, M.Hage Ali, M. Valladon, C.J. Maggiore, J.L.Debrun:
Nucl.Inst.Meth.Phys.Res., B15(1986)328
7)S.Kataoka, Y.Tarumi, S.Tomiyoshi and T.Nozaki : J.Radioanal.Nucl.Chem.,
216(1997)217
9)H.Yonezawa, C.Yonezawa and T.Shigematsu . J.Radioanal.Nucl.Chem., 198(1995)125
10)BARILFE R, LFEE SHLER - MEEE". p959. 1986, L&
IDATR, BA. FO, TR, al BILSRERES 4 7, p786. 1987,
aREE
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Table 1 4 ORREDRILT 1 RIE, ZL7 1 FEHO
K%, BROERMER

Sample  Analytical result Area Concentration  Average value Thickness
(ne) (cm?) (pg/cm?) (ueg/cm?) (um)

SC-1-1 4.04 0.502 8.06+0.08*

SC-1-2 3.90 0.506 7.71£0.56 7.89+0.61 0.1

SC-2-1 9.67 0.512 18.9+0.08

SC-2-2 10.2 0.508 20.1+0.16 19.5 £0.6 0.3

SC-3-1 19.5 0.531 36.7£0.6

SC-3-2 24.5 0.688 35.6+0.5

SC-3-3 20.9 0.541 38.7£0.5

SC-3-4 18.2 0.589 37.1£0.3 37.0 £1.3 0.6

SN-1-1 4.18 0.509 8.20+£0.72

SN-1-2 4.85 0.494 9.81+0.35 9.01+0.80 0.1

SN 137 0494 satis

SN-2-2 13.3 0.502 26.5+0.4 27.1 £0.61 0.3

sNs-1 218 0554 S00:35

SN-3-2 28.1 0.501 56.1£0.7

SN-3-3 21.6 0.411 52.6+£1.6 53.0 £3.0 0.6

* U RERH R



HEFHEEHMETTEIC K DA DIERIR DA

L8 VA NS N T e A
Kidi i - pE A

ITC I

BAIRERAMEIZAND ZEDTELRDIZ VI MED —DTH O, ZOIMENK, 1
HLRE, R E2EL TRBRADERPHEDOMLBEERS ZEMNTES.

AR, FTAEL 3 DICNETHIENTES. Tabb, AHEBA, AkBa, B5U0N
BBE T, TNETNEYHARSCITEMRN R > TS, MR ETEAEL THERINZPTTDH
S EBEDZENDIIEERAGTHS. AEBOITHE EOFA EFBITVWEBENEARDOBAT
HHN, MEREOICEE S /AWEHEEZDD. DFD, BAYKMI 7 AFIZI U A—bMILYA
ZOIFIFERAR DV WESHE LY (kKT chondrule EIFENZ)NEEN TS, ZOHRKEZOLHE
BBAZERKIEA SIER. — 4, ZORKASENLZNWOEBRGDBOINIELEL, KRB S
W, BAOIEMHE - TEHEROEVE, BARREOH#ELER)BEEZRKBL THWSEEZS
m,:mg%%xé’&m;nﬁimLm(5@®ﬁ%ﬁ%%f%5.&<t,ﬁﬁ@6m%%%
FEEREE & &N, HERPEICIIRESN TRV KERITORREZLEL Tn5.

@Emaimﬁﬂfﬁnﬁbm@m#b%ﬁuﬁﬁbméﬁﬂ%’@@Dﬂ%é’tﬁ%m
FDD, BEADITREHARIITICBNTHRIEATEIVETHESZ CEEELHRICEETEDZ
Y, BEFTEERKREZHWEIT TWS. kL1345 m%ﬁ%k&ﬁbfh@ AL 53 07 ik
® ICP-MS #ER ECX VEBASTFEHILFRBOTEAREZEREL TS, B I3EE 3 BED
WL E2HAL T, ERESTZITo TS, £, hETHEHNR y RO E{To 21%,
ZOEEE 2L, —DERETREHMEST, thEXEFHIHESTICEL TS, KBTI,
Fex DB B TFIEHETIPAAICB T 2ERFIEEZHBN L, R, ROHAXICETDS
WIZBB A TH 2 LRI N, MFEEA, HUEBA, 25T HHEBA DRSS TiEICXKD
Bl b FlRERET 5.

A flFg R - fagt
AR EHY 50mg # AL AGRTEIX = 5 2t ®-/EA 0.0126mm, #iE 99%% /) T _HITaH,
B 10mm OMBCRICEE L. INZ2ERICAE L ZHERSHERARERABE TSy 7 A6
EA Au E0.01mmX10mm o) & EBITAEFNIHEE Lz, Au T 13EE 2~3 @I &iT 1
O3 Z A, e EHIdEs 10 ERE —EICHRE L TWa.
COABEEEBRAKTTHERHLULNS, BAIRIF—(E)30MeV /213 20MeV D HlEK
BHRT 30 372 5N 4~6 BRI L 72, SEHERIZH 100~110 nA THo 7z,

HIE - BEPT

30 HRSE, ZEBICAIBTAAREE, vREMELRZ. 100 BEIEZ 2 FEIEDERLEZD
B, 52 10 HEBEIEZETo =, (0%, BEAEEIZGEHL, 4~6 RKEHES L. )6 K
et U EHE, Al oL, AU oL o PPEY D TIVE (Tmm o X 13mm)iZH
U7z, #3K Rl MAREHERRICTIREET 1 H¥EZRMAOGK 1 WARET, @URGHBMZBWTS
~6 EHIEEBRDIRL.

TEARY MIVESIRK - IEBKIZ& % SPECanal-wPKarea.exe 12k % HEEE & & Fat



CEAOfI L ThENT L7z, & v e — 7 THILIMZE 1L T, MAOMIEZfMLT 5 & &8I
MG (2 OGHECE 2 RO TE a7z,

7 T 7 ZH

T O RO ZHE T T AT IE AN L, & 512, BN £ <72 &l B o T3 )L F—
HiNEAL T 2 0lfettmd 0, BTN EOE RS R ICHEIIID T Ty I AZEY — T
ZENEFELWL. UL, BHEMZIEERETHD, K3 eEHEMHLTNHS.

9, Ni i, AF Y LVAH, @E2H5WTHEEEEOMEHEZICIHT 2 EOK T2
2. B 1@ &HEAT LA, K 1ONZ&fEE Ni D E=30 Me\" TOFEHEHAEDREID
BEERCHT2RBEOHEFZRT. NI 20FE, Q {lih-8.07~-12.2 MeV THHEKIEE
) D FETRELL IR ET B H N T LS — B L TWna. Q {@n-14.4 NeV TH B, 2n)THKRT

% ONi 1A EHEA 1.3 g/cm? B2 5 & BEIZFEHETREN DT 5. 23U, HIBEHHRO
I4w#w MIMBIEL TWS Z EERL TS EEZS5NS. AU, Ni, *'Mn, *Cr ®&h
ERVWTH 759 7 ADOMERARTH S EEZSNDH, Fikill & & RS 6ENE H 8912 E
TH5HAuBEHNWE.

Wk, flux OMIEE Pt 3> N—4 =5l E TOERICH L TIThbh TWab. BRI
THMEESHERICHTOMEERLLBELAEN, EALFIEALERUTHZOT, FalZHEIEIC
NI HEIEEERHA L.

() ® %Ay (-8.07 MeV) e ® '95Au (-8.07 MeV)
O 51Cr (-12.0 MeV) A S7Ni(-12.2 MeV)
1¢{§ @ 59Mn (-10.2 MeV) | {6z V 56N (-14.4 MeV) |
A STNj (-12.2 MeV) g
0.9} ] 9
808! ] ¢
% |
& [
B o7 é i v
06} v Y
E,= 30 MeV (4B5f1) E,=30 MeV (6 BfH))
0.5 P - P P B PR PP PP WP 1 PRI
0 500 1000 1500 0 500 1000 1500 2000 2500
2 [x1.27 mg/cm?] [E& [x1.27 mg/cm?]

1 AEBHERNOABFI7S5 v/ REYH. HAHOBREERICHMLT, £RMUEVE=5—T
Rigb L=F@iatges R L. ORNICRICD QEZRLL.

W RS
20~30MeV DRIBHEHRIC & D FEENBHRIGIE, (,n), G20, G.p), G pn), (o)
RIERENH B, HEFHIEATE, E& L TRTFESALLLAENG, DRIICED LR



2SR R W B DY, RO T F
FNE <72 A(, D) (G, b, (v, e RIS , : , ‘ oz s on
LB ENIERTER WS ENH D, KK $

LoEE, ¥iZ Cl, Co, Mn, Na OFE&ED 0.14
BT BRI EHTE RV EEZSNS 2

B, A 2 [F RS LTI E RS 0.13 *
EAEHEEMIELE. ZNS5DOEDTHH
FE LICEEDE. WEEKED Q lENH
&7 20MeV TH 570, E~20MeV THAG
T2 EEMRISEBEETESDN, 1, DEL
3G, pn RIS E D EET S Mg, Si, Ti, Ca,

Na[cps/mg]
o
N

24
—@—t

0.11

Fe OEBNVEEICIES. /2, 1, nDRIBIK c 50 MoV *
i%gﬁﬁﬁﬁﬁqLﬁE%) E():SOMG\Z L:tt/\‘/.l\é < 01 0_ i ° 1 L ! 1

. . e e Y - 3 0 0.5 1 1.5 2 2.5 3
725, (Ni IZXBHERIEA 20MeV IZBW0 BEEE (g

THEBE N, 28 Ni alEGFE 99.9%) ) BEHERSAO - RGHFRLE. REORHE
D Co MiPIICEBHFLHTHHEZEALIN  BEICHMLUT, »NadtistieErLrc.
5. )

Mg 13y, p)?'Na KIGICK D EET B, ZXKFHETFIZES #Na, y)?'Na RIEDHET 5.
COWMEDEDHIC NaCl #RIBICHES L. RPHETFRIZE—-LETHMICH LELT S EE
Z56N57E0, 2~3 HEZTEIZ 1 DIFE AL, E~30MeV iIZBT 5 kP ETFROLED %
HERR U7z 2'Na O EED 25k & U T 2 1R Uz, BEEE 210 UIREEIERYIZ R L7z,
8, Na & Mg OFEEICIE, ®Naly, n)Na, 2'Mgly, pn)*Na, »Mg(y, p)?*Na, *Naly, n)*Na
DA RIBMBENVICEE T30 KA EMBLENDS.

EEILE

ERPIFEE TERTEALESE 2 WA LAEEEE E IR, KFE INAA © PGA TR
FBTET, IPAA TOAERBTELLETHS. HAMERERFEST JB-1 £7/2I1L Smithonian
Institution 47 Allende FBEUB-1 TR TEHWILEOR) Z HEEERBIE L TEREL .
Cr i3 GSJ OHEREIZER WA D D=0 [ FH{h 1990], Allende BBAZEILEEFESL L TEE LY.

%1 WBERSOFGFER

QfE 30 MeV 20 MeV
¥K(y, an)*"Cl -20.0 MeV 2 004  [ugCl/mgK]
“Ni(y, pn)sgCo -20.0 MeV 3.2 1.7 {ugCo/mgNi]
SFe(y, pn)*Mn -20.4 MeV 14.3 N.D. [ugMn/mgFe]
*Me(y, pn)=Na -24.1 MeV 12.5 N.D. [ugNa/mgMg]
“Na(n, y*'Na 4.2 55 [ugNa/mgNal

N.D.: BB LT



0 oy UG L 7= AR R i 10

£2 IPAA IZH DERRIFR A TERTEZ oK
PALERO78 Al HTRALEE i RO oRR e

L. 20D, Al Bty TEEILH EAnR AL S
EWIETHLEND D, HRCHHE s Na Na-22 2.60y
BDIE Zn TH 50%DFHHTH Mg Na-24 150h
S, ZOMDILFETIT Fe MEX%L Si Al-29 6.56 m
TOFERENDH ZI1FMT Al HHOA Cl Cl-34m 32.0m
MMoOFHBZFEAERNSTE. 6 K K-38 7.64m
BEIIREACEHT AL B S PP &Y > Ca Ca-47 4.54d
TIWEIZKLUREE, v#HHELEZ. Ti Sc-48 43.7h
Al BEROPR<EERFITEEZL Cr Cr-51 27.7d
STWBN, Al BOMUNTEAT Mn Mn-54 312d
HE[EEMENH D, FIFIHDHDT, Fe Fe-53 851 m
BALEZBAERIE LY FTDOERA Fe Mn-52 559d
HLTWDHH, Hnti—, 1mg @ Al Co Co-58 708 d
BRRALEZELTS, FRICIIE Ni Ni.57 3560
HLES. Umg O Al BIIRPHRE 7n Zn-65 244 d
TE2.) Rb Rb-84 328d
Sr Sr-87m 2.80 h

RITHARTHF - BRI LRAD - v-88 107 d
fE##5k } Zr Zr-89 78.4 h
EREBAODHHEEL T, il Nb Nb.921m 1024

HATE FERIIRARIOLZEAD
LR ELBNT S, SLEEBEA
2R 3 WCEEDE. INSOEAIT
AR L7=EBD IPAA OATEL, INAA 725NN PGA TOHHT BTV, ERfEIZINS 3 I
LBEERFLUTENL.

1999 4 9 H 26 HICEEMATEIZE FLZMEREAIL, BETIEAUD TH PRSI N
REBIRRIBA T, CK EIRENZ YT —TICnEIN5. 20 CK WEEH-ICrEEI Nz
H72 )—7[Kallemeyn et al. (1991)] TEZEHENEAL TR, FILEAIT CM IZES N
DIRFEGERKIFBE T, 1986 £ 4 BICHERBUFHICBWTRREINEN, Fob/ T1UHEKE
BTHD, TOEF2~3ANEIN, ZTOMIIWIZE 53Nz, TOREKT 14 FHGRE S,
2000 FICENEFEBYEICEEKEINZ. K 3@IC#FE E, #fF C-3mix-3LEME C &I
), ILBEA, 26 NT CM ERKIBO O RO S TRBEGZL, FyM1HFREIHT IR
EHEROBENRBEAEEZZI SN TS Cl REGAIKKIBA[Anders & Grevesse (1989)]TH
L LfEZ 7Oy b L. X 8iOTRITEN S ANFEHIEFNERREN & WITEN S KNI
FIZRDEIIUERTHD. DX, ZZWIXHTEILEOH T Zr N dFHIL AR ENE LS,
S MNELERENSV. EOBAD Si KDERBENMEVICRERIT CI BAXD BREL THD, Si
FOHERMEOEWVWTEIICIBALIDBHBLTWS. £, HBOREEIICMEBELGLD D, CK
BEOIESIMAEN. ZHUL, CK BAEORZERN CM BAXOHKREN I LERBL TN
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WORKSHOP REPORT OF NAA GROUP

The 2002 FNCA workshop on utilization of research reactors for NAA group was held at Serpong,
Indonesia on 13-17, January 2003, with participants from China, Indonesia, Korea, Japan, Malaysia,
Philippines, Thailand and Vietnam. On the first day of the workshop, Prof. Tsunehiko Otoshi, Tohoku
University of Community Service and Science presented a general lecture on neutron activation analysis
entitled “NAA as Analytical Tool of Environmental Issue”™.

This reports consists of three parts, (i) summaries of invited and country reports, (it) summaries of
demonstration of ko-method experiment and reports related with ko-softwares and (i11) future program.

1. SUMMARIES OF INVITED AND COUNTRY REPORTS
(Invited speeches)

1) “Improving Air Quality in Indonesia Study of Fine and Coarse Particulates” by Dr. Puji Lestari of
Bandung Institute of Technology, Indonesia. Fine and coarse portions of atmospheric particulates
were collected in 5 locations in Bandung and their constituents were determined by NAA and other
methods. Results indicate that the concentration of coarse particles increases in the daytime while
there is no significant difference for fine particles between daytime and nighttime.

2) “Current Status of Air Pollution Monitoring in Indonesia” by Ms.Novy Farhani of Environmental
Management Center of Indonesia. The ambient air pollution monitoring network has been installed
since 1999 at about 10 districts in Indonesia. Automatic equipments monitor 5 parameters (SO,
PM;o, CO, NO; and O;) continuously, and the status of air pollution is evaluated by the Pollutant
Standard Index (PSI).



(Country reports)

1) “Air Pollution Study in Beijing 2002 by using NAA and PM;, Particulates™ by Prof. Bangfa Ni of
China Institute of Atomic Energy. Particulate matter samples collected at Che Gong Zhuang,
Beijing are analyzed by kO-NAA method. Around 45 elements per sample are determined by this
method. Multi elements data are evaluated by enrichment factors, factor analysis and so on.

2 “Collection of Size Fractionated Particulate Matter Sample for NAA in Japan” by Tsunehiko Otoshi,
Tohoku University of Community Service and Science, Japan. At two monitoring sites in Japan,
particulate matter samples are collected for NAA. While higher concentration of coarse particulates
is observed during spring season, average concentration of PM,, during the common sampling period
is 0.031mg/m’ in urban site, and 0.022mg/m’ in rural site.

3 “INAA of Atmospheric Particulate Collected in Hachioji and Sakata”, by Dr.Yasuji Oura of Tokyo
Metropolitan University, Japan. Particulate matter samples collected at two sites in Japan are
analyzed by NAA. For the determination of Cr, Cl, and Br, impurity of blank filter should be
considered, and blank values should be subtracted in calculation. Among elements determined,
concentrations of Cl, Ag, Zn, Cu in individual size fractions are different between two monitoring
sites. It depends on the difference in emission sources at each site.

4) “Elemental Quantification of Airborne Particulate Matter in Bandung and Lembang Regions”, by
Mr.Sutisna, Research and Development Center for Materials Science and Technology. Indonesia.
NAA is applied to particulate matter samples collected at Bandung (urban) and Lembang (rural). In
rural site, fine portion of particulates is dominant. However, in urban site, higher concentrations of
coarse particles are observed. Enrichment factors of elements such as V, Br, and Cl differ depending
on the season.

5) “Recent Application of NAA in Korea” by Dr. Yong Sam Chung of Korea Atomic Energy Research
Institute, Daejeon, Korea. Regarding activities of the project, air pollution study and preliminary
experiments with an application of ko-method are carried out. Air particulate samples collected at two
regions (suburban and industrial area of Dacjeon city) are analyzed by NAA and concentrations of 25
elements in 50 filter samples are determined. Two certified reference materials (CRMs) distributed
from Japan are used for analytical quality control. Higher mass concentrations of airborne particulate
matters are observed during spring season due to Asian dust. Concentrations of black carbon are
measured using reflectometer. For the evaluation of emission source for multi-element data,
enrichment factors and correlation coefficients are calculated for fine and coarse particulates.

6) “Characterization of the Finest and Coarse Airborne Particulate Matter in Kuala Lumpur’s ambient
air” by Dr.Khalik Haji Wood of Malaysian Institute for Nuclear Technology Research (MINT),
Malaysia. Particulate samples collected at the site about 1km from Kuala Lumpur City Center are
analyzed by NAA method. Average mass concentrations of fine particulates of 0.03 lmg/m’ are
higher than those of coarse particles of 0.019mg/m>. High particulate concentrations which may be
caused by haze episodes are not observed during the sampling period. Quality control of NAA is
carried out using NIST SRM 1633a. Some elements such as Mn and Cr in fine portion of
particulates indicate the presence of anthropogenic pollution sources around the monitoring site.

7) “Airbomne Particulate Matter Collection and Analysis by XRF” by Ms.Flora Lopez Santos of
Philippine Nuclear Research Institute (PNRI), Philippines. Particulate samples collected at three
monitoring sites in Manila Metropolis are analyzed by XRF method. The sampling stations
designated for the FNCA program are at a commercial area close to a major highway. PNRI is
considering several options to resume reactor-related activities, and it is necessary to ensure
continuing availability of expertise in NAA. Obtained data indicate the decrease of Pb concentration
in fine particles because of the use of unleaded gasoline in Philippines.

8) “Study of Urban Air Pollution in Thailand” by Dr.Wanna Chueinta of Office of Atoms for Peace,
Thailand. Particulate matters collected at downtown Bangkok are analyzed by NAA and 20
clements can be determined. Black carbon is one of major constituents of fine particulates. Quality
control study of NAA using SRMs indicate that too small amounts of SRM size, say less than 1mg,
may vyield unreliable or highly uncertain values, especially for such clements determined by using



short-lived nuclides.

9) “Airborne Particulate Matter as a Demonstration using ko-INAA at Nuclear Research Institute of
Vietnam” by Mr.Ho Manh Dung of Nuclear Research Institute, Dalat, Vietnam. Particulate matter
samples collected at two monitoring sites (industrial site in Ho Chi Minh City, and rural site in
Dateh) are analyzed by ko-method.

About 28 elements for both sites are determined by ko-method. The ko-method has an advantage to
simplify the routine calculation process in NAA. It is insisted that ko-NAA method works better
than the conventional NAA using SRMs when evaluating emission sources, considering a higher
reproducibility in the relationship between elements.

(General Discussion)

After the presentation of the above country reports, general discussion was held as follows;

(i) Considering the importance of QA and QC in NAA, it was confirmed that some efforts related with
QA/QC (inter-laboratory comparison, laboratory round robin test and/or validation of method)
would be continuously made using the two CRMs provided and their results would be included in
the country report at future workshops.

(ii) Several opinions were exchanged for sampling methodologies and sampling sites of PMs. (It was
decide to adopt “PM2” or “fine particles” instead of “PM2.5”, considering a poor accuracy of the cut
off of a Gent SFU sampler.)

(iii) Future visions of researches using NAA and its needs related to marketing were discussed.

(iv) It was emphasized that the utilization of ko-method would greatly improve the performance of
NAA.

2. SUMMARIES OF KO EXPERIMENTS AND REPORTS RELATED WITH ko SOFTWARES
(ko-method experiments)

A demonstration experiment of NAA using ko-method was performed. Although this was the first
performance of the application of ko-method to real samples at BATAN, reasonable data were finally
obtained for geological standard rock powder samples after tremendous efforts of Indonesian scientists.
It may be mentioned here that the success of this demonstration experiment was achieved by an
excellent collaboration of Indonesian and Japanese peoples. Especially, the contribution of Mr. F.
Sasajima of JAERI was highly appreciated.

(Reports related to ko-software)

1) “Demonstration of NAA ko-software, ADVNAA” by NI Bangfa, China Institute of Atomic Energy,
China. A ko-software developed by the speaker at CIAE, which is named ADVNAA is demonstrated.
Several features which are not admitted for the European software (KAYZERO/SOLCOI) are
explained.

2) “Comparison of Chinese and European ko-softwares” by Fumio Sasajima, Japan Atomic Energy
Research Institute, Japan. Two kinds of ko-softwares (KAYZERO/SOLCOI and ADVNAA) are
compared by applying these softwares to environmental reference standard samples (NIST 1632c,
NIES No. 8 and GSJ JB-1). Basically, there is no essential difference between analytical results
obtained by them.

3) “Evaluation of CIAE-ko software” by Y. Oura, Tokyo Metropolitan University, Japan. A ko-software
developed at CIAE, China, which is mentioned as ADVNAA above, is critically evaluated in
comparison with a DSM ko-software (KAIZERO/SOLCOI). Being similar to the conclusion by
Sasajima, no essential difference is found between two softwares.

4) “Development of ko-standardization method of NAA (ko-NAA) regarding software and experiment in
Dalat Research Reactor of Vietnam” by Ho Manh Dung, Nuclear Research Institute, Vietnam. A
ko-software developed by the speaker at NRI (Dalat) is demonstrated. By applying the ko-software to
several standard reference materials including NIST-1632¢ and NIES-8, it is shown that the
ko-method using the software and experimental procedure developed by the speaker is reliable and
practical for air particulate matters.



3. FUTURE PROGRAMS
(1) Air particulate study
During 2002, each country achieved a satisfactory progress, as reported in country reports of air
particulate study. Up to now, no apparent problems were admitted in conducting the program of air
particulate study. Following such a promising situation, we have set the following plan for 2003.

1) We continuously collect and analyze air particulate matters according to the agreement at the 2001
FNCA workshop.

2) To summarize experimental outcomes of 2002, we agreed to prepare a joint report in which all data
for air particulate matters collected in 2002 are to be included. We set several stages with their
deadline as follows:

(i) (Stage 1; June 30, 2003) (Submission of data and experimental conditions) All data are to be reported
to a responsible person in Japan, whose name will be announced later. At most, two sampling sites
per each country. Each country is required to report all necessary conditions regarding sampling in
addition to all analyses data (with errors). A type of analytical uncertainties necds to be specified. A
format for describing sampling conditions will be distributed to each country. Thailand is
responsible to prepare and distribute the format. Earlier submission is highly advised.

(ii) (Stage 2: August 15, 2003) (Submission of comment discussion) Once all data are accommodated in
one table (probably in EXCEL file), it will be sent to all persons who have sent their analytical data.
Then, they are required to send scientific comments and discussions for compiled data to a NAA
group leader (M. Ebihara).

(iii) (Stage 3: September 30, 2003) (Finalization of draft) ANAA group leader is responsible to appoint
an appropriate person to organize all comments and discussions sent from contributors and finalize
a report (reports). Modification of the draft can be done by communicating with each contributor
by email.

(2) QA/QC
We have agreed to conduct some experiments related with QA/QC issue at the 2001 workshop.

Unfortunately, only three countries (Korea, Malaysia, and Thailand) reported this subject at this

workshop. We discussed again this subject and set a new plan for the year of 2003 as follows;

In order to evaluate uncertainties involved in analyzing a small size of sample like air particulate matters,

a small-sized sample is to be analyzed repeatedly. For this purpose, 1 mg of two SRM sample (NIST

1632C and NIES No.8) is to be analyzed more than ten times. Either ko method or comparison method

(or both) can be applied by using either chemical standards or other standard reference materials for

obtaining absolute contents of elements.

Apart from this, a concern of impurities in filter papers was stated. This issue is also important n
evaluating our QA/QC. Therefore, it is desired to analyze a blank filter occasionally
(3) Installation and development of ko-software
Following the discussion at the last workshop in Beijing, we continuously discuss a possibility
of the introduction of ko-method to our project of air particulate matters. After extensive discussion, we
came to the following conclusions; ‘

1) Introduction of ko method in analyzing air particulate matters is highly desired in all participating
countries. Note that the introduction of ko method includes installing of ko software and performing
of experiment with use of the software.

2) Considering advantages and disadvantages for using a common software and individual softwares
among our community, it was admitted that we would choose any appropriate software from three
existing ko softwares; DSM version, CIAE version and Dalat version. The last two versions are
so-called home-made sofrwares and their developers announced that these softwares could be
distributed for inspection without any charge among participating countries of the workshop. Each
country who wants to install these home-made softwares may contact directly to their developers for
their installation and use.

3) At the next meeting, each country is supposed to present INAA data for air particulate matters
calculated by using ko method.



4) In future, it is desired that a common software of ko method, which will be shared among our
community, will be developed based on CIAE and Dalat versions. Their developers agreed to make
effort to complete such a software.

5) It is requested that a training course for ko method is held, hopefully before the next workshop. It may
be considered that such a course is attached to the next workshop although earlier opening is more
practical and, hence, desired.

(4) Others
1) (Future activities) For future activities of the NAA group, the following themes were raised by
participants;
(1) INAA of marine samples for heavy metals.
(i1) INAA of solid waste samples.
(i11) Application of NAA for mining.
(iv) Development of prompt gamma-ray analysis (PGA).

As the study of air particulate matters is expected to be performed without any problem among all the
participating countries in coming years, we may extend our activities to some of the above listed
themes in (near) future. Among them, the marine sample was suggested to be the most feasible
subject for co-operative analysis of the NAA group. Detailed procedures may be discussed at the next
workshop. In the meanwhile, some common samples are to be analyzed and their data are desired to
be presented at the next workshop. Malaysia is responsible to prepare such samples and distribute
them to all participating countries.

2) (The miscellaneous)

(1) It is aimed that our analytical data are reflected in the environmental management policy. To make
this successful and effective, we must make our best efforts to find any way to approach to
appropriate officials, agencies, institute, etc, which are related environmental pollution problems.

(1) It is encouraged that participating countries actively apply for any exchange program like the
former STA fellowship program to expand our activities within the frame of FNCA. The Japanese
(sub)group-leader is requested to make an appeal to MEXT that such an exchange program is
essential to promote the FNCA activity.

4. WORK PLANS AND RECOMMENDATIONS BY THE 2002 FNCA WORKSHOP ON
UTILIZATION OF RESEARCH REACTORS
(1) Work plans of neutron activation group

In accordance with the FNCA “Proposal on the Next three year Activity in the Field of

Utilization of Research Reactors” by the FNCA coordinator meeting on March 2001, the workshop

agrees to make the following work plans and recommendations for the next workshop in the area of

Utilization of Research Reactor to meet needs of the FNCA countries and to achieve results with

socio-economic impact to end users.

(i) Air particulate matters are to be continuously collected and analyzed in accordance with the
agreement at the 2001 FNCA workshop. To summarize experimental outcomes of 2002, a joint
report in which all data of air particulate matters collected in 2002 are included is to be prepared in
2003.

(i1) At the next workshop, each country is supposed to present INAA data for air particulate matters
calculated by using ko-method. In order to put this goal into practice, it is desired for a training
course for ko-method to be held, preferably prior to the 2003 workshop or in connection with the
workshop.

(iii) Each country may choose any of DSM version, CIAE version and Dalat version as a ko-software
when introducing the ko-method. However, it is highly desired that a common software be used
among our community for assessing INAA data effectively and efficiently. Such a software should
be developed in collaboration with each other of the NAA workshop members.

(iv) Besides air particulate matters, marine sediment samples will be included within the scope of our
activities. The term of 2003 will be used for working out our new strategy.



(2) Additional remarks
The workshop agrees that the following countries be proposed in the FNCA Coordinators

Meeting as possible venues for the next year's workshop.

(1) Vietnam as the hosting country for the workshop. Themes: 1) Application of NAA technology to
the environmental analysis. 2) Information exchange on research reactors and their applications,
and discussion on related topics.

(2) Indonesia as the hosting country for the sub-workshop. Themes: 1) Establishment of the Tc

Generator technology. 2) Application of Neutron Scattering technology for the development of
TPE.
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2003/4/7 - 11
Sixth International Conference on Meyhods and Applications of Radioanalytical Chemistry
(MARC VI), Kailua-Kona, Hawaii, USA
http://www.wsu.edu/" rfilby/marc6.htm

2003/7/9 — 11
40 [B] BT 22T HRNCE - BURBRITER RS, #OX/ B AT
http://www.jrias.or.jp/jrias/index.cfm/4,1066,109,html
FeFRH LiAZ Y] 2003/2/28
2003/6/2 - 6
14th International Conference on Radionuclide Metrology and its Applications, Dublin,

Ireland
http://www.ucd.ie/ icrm2003/
FERH LiaA#Y): 2002/11/18
FHEAZIMH LA A #E8): 2003/4/30
2003/6/10 — 13

International Conference on Isotopic and Nuclear Analytical Techniques for Health and

Environment, Vienna, Austria
http://www.iaea.org/worldatom/Meetings/2003/infcn103.shtml
FERH LiAB#6Y): 2002/12/18

2003/10/1 -3
2003 F H AU b =S F /8 47 BIBGHLFEFRE, REET/ROZFER—1L
http://hlweb.rri.kyoto-u.ac.jp/shibata—lab/toronkai/

2003/11/10 - 14
International Conference on Research Reactor Utilization, Safety, Decommissioning, Fuel
and Waste Management, Santiago, Chile
http://www.laea.org/worldatom/Meetings/2003/infcn100.shtml
FEFRH LidZ#iYl: 2003/5/1
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