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FRIBHHC LD A A RO A EFE ) T~ RS LA A JEE O+ U 7 P | C
0%,

3 H HIZIX. BATAN 234 U= MF (80544 TFitosan] ) B OV SA A REE (54 TIMR)) @
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fES S HIZED, 1.80 t HMNUTz, ASAA RO fE I, Balsefs, EafEafiing, R
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TOREEAR T CIHME L L, 8558 LTz, IRIZ, TNEIEER) 7.5x107 K TY 2.5x101° CFU/g
@ A. chroococcum } OF B. megaterium OFf I HIES W% 2% DT VX TR T AL 33%
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DFUHRRSE v B OF v U T IRA Y CH— ITRB LT, SO mik%E 2.5%
WAL L A (CaCly) TR I FLTE —RRICIERE S W -, A& A Lo — X,
B2 30 M, TAX TN LTIV T AAF U DOLFEIZ LS TR EL ., RIZ,
10% AT DO RFIK 73 E Tz, B — X OALFME ORI, TCVN 6166:202 & OF
TCVN 8736:2011 (ZfE~>C, 7, 30, 90 & (* 180 H HIZEMIBNTHIE LT, FFZERERIL. 155
TP RE R DT AREE EE 1T 6 2> A RO BT HIKIREL T 108 CFU/g Kb ez
RLTCWZ,

BFonice—XE A~ X —L 2470 20 kg OFIE TE A LIS, 2Ok, 27
U=\ AR @GO 5 TR SN2 v XY b MO T T oy v a DB REEET S
AIREMED D EHDE o7, ZOU TR SV IR NPK (2855 - U k- YD b)) L L
HITHEA T &, W ETER LI Y XY OREERE | BRO B & QUL E IS KIEICH KL
720 ZNHORERITET BERAEN A RIR L CUEL S AE ) (BIHIEHEL L C 80%NPK) C
HEIEINTZ, L3> CL EEMAREHE, BREETG Y2 ARIL . KU BN SE 357212,
Bt ATREZ R L ZE D T- O DALY Y 2—a EL T, M4 BN IEBHC B> TR B2
ERTED,

TN LBz - 53 FUCE ORFEBIFEIZ DWW T, LU R D LB RENpShTe

1) T TTLa(NTTT VAR R NERR AT T K)

a)

b)

k77773 (Solanaceae Genus) } O = (Fragariaananassa) (2% 9 24 A= FAL A L LT
DA VT H N D H

2018 4= 12 )5 2019 45 5 HIZHNT T ST TT v adF w1 2/ N— VDR -1
FERTOHNTINT, NI T T AT IO R ERFHII EIZHT T DA VTR M H O
NFAEPARDTZDIT, BIT 40— VR EER L Oy MR Z R L7, AV TR M OZE
MZNHEET 10 BT LTI, MWD EREAFEWD H ~DA VXM DR RZ |
REOHRE, REOKRE R, IHEHIM K O%IEIZ DWW TRE L, MY ATV T,
FEERT 4 SO~V DA VXM AREE J7005, 0 CRFRERE) | 50, 75 & TF 100 ppm T1T
iz, FERREFIE, 75 & U100 ppm DR ETOA VT M OZE U CH B2 ZNEN
BTz bBIR U, AT, RHREEE L 75 OV 100 ppm (2 OWTENZE IR K 89%
JOY 146 %K UTo, AFTORY NEBRTIE, S ZA VTR MR EE L, 0 Cof FEEE) |
25,50, 75 }2 1* 100 ppm Toh o7z, B TOREEDHF T, 25 TN 75 ppm DA E /LA R AR
Too FEBREERIT, AFTOAEPEMED 25 K TN 75 ppm ([ZOWTENL IR K 54% KO 48%
WRLIEZEZ R LT, EREATSTZEBLOEMIZHONWTY , VXM 3 RS
TN M EMESE 7o, ZNOORERIT, Fy T T 75 X% 100 ppm, AF=T 25 X
75 ppm TOAVITXRF OEEREAR N, ZNHDOREY D ER LN B AR KA 57-0 D i
W72 T2 Al REE A RIE L TD,
T = FRRENC L0 S ST PVA L b DA R VAE B O %%

T RROIRENLD | Kk % 7 BUKIE S 5 T DO AAR 7 L OFERLE R AT~ D I
DHLTR DD B TUND, T~ (25 kGy) IC KV AW E LI RIS 10% RV E =L T
=L (PVA) KDY 1% k -17F —F U DolEESI AN aZ vid, Xy ooy 525
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(Uttara) (28 % Uttara Adhunik R RZIRBEIZI50 T 2011 4F 3 H DR RERIZftSi T
Y. ZOENT-BEHEM I KEIE SN COD, ZONARaF LV OIE O &% 5%
ZYLET B L LT D ERRFEA~DZDONA R L ORGSR H TS, 20,
30 TN 40°C CTONARBT VO FETHERAE TIL, AR T VO IR E T T lmE

P T= > THEM A EETHDZENIRENT=, NARBT VO H OBEMET = 71, N

7T T v ali 1B 4 (BAEC) D& dh - U AEY FIFFERT . TAEM - T3ERGHE D

DRy FZEATOND, NARaT VRIGHAEM O S E 2R (EL ., ST DA D—BR

LT, #E 25 kGy DAV ~#IZE>T, PVAL0%EEBIZ, IR EH &) (A) 1%, (B)

0.5% (1% M%) . (C)0.5% (0.5%HEfE) L ON(D) 0% D, Fh g a ARar Lz {ERILT-,
1%F M 2 E G T oNARBT VDT NV R EGEGEE TR BIE (90%) . ZO Al
D% R (~500%) 1X5h BV, NARBEZ LEE B & C ORTiE, B O MEN %Y
NV (~95%) L7210 LT=d>T, 2HHD A E W % IZM =R (~400%) 2 4E T Chd, 1ERLEN
TR BLOPTEEA 1X BAEC D& - U R AR IEAT . AW - T MG CResB S,
ETORBHIDWTTTADOFER B A Sz, BEABTONARaF LV ER/X MO

I LDTDIITSOROHENLETHD,

i) FE(EESHSBETT <R Y27 K)

0Co W ~HRL BRI ZE LT @ FBMECT ZUVER, 77V a=R L AZ 7Y
NET VDN EE G LT )~ —DHEFIRN S T7 740 T HATHZEIZ LS T, —HOFRHER
W E A ZAER LT, JCOMIHE & OSUE 2 OREHEIZ DU T, — B ORI 7 152 IV TRE
PERFNZ SEhE L | ke~ DO E RO EE R LT, B R AR EE . 7a (VI)
(Cr(VD) . ARIT A (VD) (CA (VD) . 772 (VD) (U (VD)) FDkk % R RAT 25 /15
IREEHR TR Tz, B B BRI 0 | AR A8 791 3 B AT 7R AR ) R P & R U VT PR
MEHERF CE QDI EN RSN,

ey X — 2D W AKET (SWA) 23, ARG L-> THEREINDET IV —NED T F 7T 4
V7 BB Lo RS IV, WK SR, A 7K T 350 glg. 0.9wt% DI TR A
(NaCl) 7K ¥ H1C 50 g/g (23T 2 RIREMED &Y | HIE D 2 3 3 SRR 0| W7 B VAR 7= L
TUD, 20 SWA [ THE P 3 CROEALHIH O 723D 12 F S CuD, W Co iR ) 70l
MOAELFRIT, HHEHED SWA 2 HNHZ L TREL A LT,

i) AR T (A RRTIRATIT Z=D o H g4 AK)

AV RETIRA 1T (BATAN) 1, IR TVERE | BRZ L7 RO T £ F b7 a2
ZHWTHEIM U Z AL, RIZ, T~ BN Z1T > T ZE OB LIRGF M ()%
) AR B2 LTk BN LT, AV T MR A BARER] (PGP) | HEd =) o2 —
FE BRI, P35 K OMBHE S N =R R COAEWIE MBI L CER ST
HZEFRHMOENTWS, ZOLAR—FTIX, AVIF 0T, PGP K X7 &
(Chrysanthemum) DS QYR 21T 5720 DR =) o Z— 2 SH, £2. KB
(7o RO YY) LHEFROEEHRINAIL U CERA Sz, 37 B Tk, AV Mo % 3
2> H ] B2 118l 100 ppm O EE CHERHAI LI, R T17arbr— LT, F7@H
#plZi. Hyponex } OF Extragreen i A IEEN 2R LTz, — . FS faEHRINANZ W TIE,
TN A ETEHTIRE 300 720 L 500 ppm TA YT MU ZRINL, 6t REL CTHY T M
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N2 ORMEF SR Az, ZEi12iE, 40 BEE R ZOMEM A 5.2 7=, #5FI13.
FVITHR R TSN -7 )@Y (PN AL FE) O IR AR (112.33 H) 23, Hyponex
(121.33 H) 2 U*Evergreen (123 H) TBRSN =X 7 LR THED -T2 2 EE R LTz, AVAF
MR IPEESOYRZ I L2 2B SV, 37205 RFIREE(36.13%) LH~ | 2O
ZbOX BT 21.53% DA Th T, FA BRI EL THVFR M 2352
LlZED, XA (Pasundan) DY LT, A VT F MU OPRFEN _ERHIZ DIV TRER NN
BTz, 0, 300, 400 & T 500 ppm DR ETOA VX % 40 HREMEH L% OKRE
HEIMIZENZ R, 5.2, 9.8, 10, 13.8kg ThHoT=I LD/ RSNTZ, Fo, ZHLERICHEAITEY Y
EMETRS TORBEIEIMZ OV THBIZRS N, ZIUTNZ T, AV S Mg, BIfO EE
RS HT o, AVFFM 3, PGP KUK JBHE DRES ORI 3 H72b OfE =)
Z—LLTAHMNTHY, o, RAUF DUy vV Y K OMERO KR EA IS/ LG i
THZENTES,
iv) AARCGROTERRRS: TRl LK)

& 0 BHNL, ZOEREO 7D IS PRIEIC BV THEBEIH A SND A, 3500 X3k
PRBR DI TSR SN2 AR D R BEME D3 & B, FTIRA) 13838 50 R\ 2 L5 A= 2 1 B
DI TS, & HHADBRSEH THD, 7, BRI A7 DI HER THY | )
[ &) R 2 AR 2 LA TE, ShIRSCHE TR EDOH D @D B 5, W T HEREN IS ZEL
TOWRWEFITE M FTRE CTh D, #REWIERANTIRFC, BIERRAELT-ORIBES 22812
FoTHELICEGAPILTHZENTEDEVIFREZR L TND, LnLRRE, HHID KR
BRI G ORREIARAFL . T2, HAENR DT | R B MEE ET D70 DO HFf
RO VT DS, S Tnd,

AR R BRI FTRE AN D 1 HEL T, ZVERAIDNE B AL D TD, 7/uid, =Rt
H A& O BRI B M SO XK R AR A AND T ENTED L E A THY 7L
DIRFADOMHEICIHSE  KEGHTHINART VTR A & 524 NVH 27 M5y
S5,

NARBT AT REOK 3% =R oo B SRR FFT 28 Tx fsteD, Y7 h=
VEIN R K DK RFIA DT OWIUARE L CE S D, A RaZr VT Er,
DG A AT A AR HE T AR T S A A L QDD ZED D E AR EHC
WL TERY, SHRLENIIFRFSINTND, EH AR Ll TO IR s OBITIE,
ORI Lo TR AR HE T AR N2 A T OREINEWEEM K UG T 7278 itk 2 WY
T2 RN R 3 5 D,

NARBT L O— 7RI IEIZIT AT R R O BRI AAEE D & £405, (LFRSE
BT, RV~ —8HOIERE G LG ETE LT DD, T VZNLT VTR KDY 1-=F/L-
3-(-B-DAFNT T )N) VRV AINEE R (EDC) R0 N\ N2 7mA~F /L LR
T AR (DDC) DAL PG AIZ N Z 52 LMD, LL7eih, EDC KUY DDC (34K
IS TIEFIC N B, BEORETL X —L0 BB AEREHNC L AMI TR 0 i &
RNE S O BRI LD RIBOR IR A B E 2977200 K0 flA FENE RIS,
— 7 BRE A A A L W B ZAE RS E  EORS AR ORE (S 07k Tl K EER S 11
IKPERY ~ — IR A BE [ S LA TS BT A 28I THOMENDT20 &4 18D R T
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ERRPTENCH R L, A~ — S OFFILA R STV REHIEN TS ND) | T~k
FRIHE S OVEE PR RS (OO FIE T, T~ LB IR 22 T 5 R) ~—IC
FoTHARSNDT T IMZED 4G HIE L OEA N ID) BEEND, B HRAUEE
IR BB AN LD B EDORIEZE RIS 2N TEL AREME R H D, AR Ld, eRady
7t Ll r—2A (HPC) AT /L /L —A (MC) %5 O /K IR 8 43 1 VA 4 78 1-H CHR &
THZEZL S TSI, Z2EANIIEH SN2 2D Th D, LorLehih, HPC KON MC
IR % B CIRE 952 LIl TSI AR VIS BITERN SR L L CRIH S
NWTWDER, Ba—AFFERD 1 > THHERaF 7' ae /L AT L& /L ra—A (HPMC) /25
TR SINAR BT T EIEHESIL TR, N AR A3y V7 LTSN
D56 MR a T VNI R A R R IE T 2280 k> TEY 2 AR a7 U A
TLHERDHD,

AFFFRNZEB L, KA E LTI~ R — VIR (TRA) IZHE A4 T/, TRA I
WONDOFEDT=O DEFRAI LT, £, FINZOSERALL THEHSN TV, Erh=r
KONV TRUFIOFEBRERETHZECLY, p-A EFARZHIRITERL, £72, KiZ
WFTVEEEZE T 5, ZOMIEICE N THR A IXET ., B RAEBICE > KRR
F HPMC 2o AR a7 L a AR RIL | 2O BRI ARG L2, IRIT, KIS TRA 28
T VIR LU TRWT, BRI A7 ORIFN 51T 55 7 #AEE I K> TERL 7= HPMC
ANARBRT VO AT REMEIZ DWW TRRET LT,

KEEMEARY ~—Tod 2K M HPMC OFEF#RIFHTEY, JREE (10 XE 20%) O 5T, £
7o, R (10, 30 3 50 kGy) DT T, NARaF ARERSIL, 3612, ETHRICK
ST INTNARBT VX, BTN R RIS TENE N R E R LT,
RIEMIEAITHD TRA IZOWTEL, NARBZANEDZD L K O 275 1L PR SR =
(& THERS TNV, LT2A T KEMSEA] TRA O ®IZRSTRELZ(hEE528
XV ATRE Tho T,

v) Y TRE(ICS A N N—2 RT 2 Z) 7Y+ T IK)

APT AL AL, WK R DM IBTDEZED T2 | WK (SWA) O 3 EEET
bHEBZZTUND, LTei> T ICS R T4l S—2 (PNT) 1, 2014 4ELIRAFFE AT T
D, EBIT RUTZUIEEHVT BB SWA D731y MEBERTESLL T, PNT 1%, 150
kg DED SWA ORXA By Ny FEAEAEL, TNET7 44— /LVRHEDZDIT
Krasnovodopadskaya AT —Ia K OVEAK Semey Ormany (2B kLT, IRD XD 70fEF
ESIT, RTFREEY 7 L&l L C, SWA 25kglha Z# ., taa~ ADILEDY 180%
AL . SWA 50 kg/ha i F 95 & 196 %47, 2 MO — /L~ AW OEfFRIX
2 (E1Z EadoT-,

PNT %, SWA HDOHLARFLAF LT/ m—Z (CMC) ZH4 RS/ 5720 OWF 525 FEhi L
TWD, B IEER 2l L7 SWA AERIED R4 EF3 L, BetaSorb &) R A Bk Ek L
1T 200 t DAEPERE) AT D SWA A pE IR A AL | i LTz, EPETA 13 2019 48
HIUZNED EIF P ETHD,
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X /o EROEREOREICHITS SWA O HICET 25t TH Th o, SWA 1
BN LR RAAR T 22T, A pENEM RIZD723%, CMC 760D SWA %1
M 256 SWA ITE2, HENEFORFAREL TET TiEa<| $flicb s,

vi) L= T (L= TRA ST v A e T v T ARNR)

~L—UT RT3 TS BT DB BRI J0 A FES D B O SE
B % M O EAE (R&D&C) (2 3651T 5 FHHA BRI Th D, HESTRREIF O H L, 1LRY
J O BRI BARITIN 2 TR~ — DRt LB REME 2R b 3272012 AAF R~ — K OV
AR~ — I BT DHESL SN — LD 1 DblposTW5, BIfE, ~L —I T HF HFIE,
7147 (Chinese kale) (R FRER A — L) ~DA VT P ISWA LAV 7% —F
ISWA Jiti i e V3 Y bt ray (74— )LRRERA 7 — L) ~D AV 23 - AR
BF(M9) Jiti I 25 B o 2 AR /B AT 2 I AL A TS, IIFERE B d, A LFRIC XY, 563
FARBRNNEDOEIZ T TAOZEPFONIEERLTWD, v L —Y T JRAF )T
IXF7=, PGP LLTOA VTR OpGE bicmlT 7z R&D&C /1L T, Bl 3L i
L CW5, L= TRF TR FEEEH S TIA L THIAR M A E AT D
TeO DO EE LTz, BUEDO L ZAREEHI S Y THITEY, 20 B TOEEAT-
72012, 5000 Da 4y EEDOAVTX MU AEPENBIE RIS I TR T D, ~L—T TR
TITIE, 2Ok 7 vy 2 7 e B SE 572012, 1 EMFFEAT (Fishery Research Institute)
EOMBDA =T F T hloTND, IHIZ, v L — TR JITIE, EF U7 kOt 3D
B R~ N> 7 2L CORI R AT e AR a7 v OBRR I B3 D0 JE A fikke L T D,
HEE R~ =57 B AR /WL, 8 -PEG-PVP & PVP-Z7% —F g Rusv
DBEISHREIEDNAT VY R AT L5 ARE G TR HY | MIROMEFEE K RIZE L ThD
EVNHTEERL TS,

vii) B (BVINVENL KT FVNT TR A LK)

FUANOFFEITB T DB AT, A7 B HEE R E | BREERIE~DORE R 2
WEEND, 20114E (2 SN BRI 1320401.3 ha THY | EE S B, 1B
U T4630.3 ha, W FHINMEIE SN D 2B M 7H34587.6 haTh o7, BARAYHEETTid, 1
UNEEEINTZDIE22.4% 12T & A +b O BEHES I BRIE S 13805 ZEDVREIN TS,

ZORFZED HIE, IR B DML HHETO W OnOFEOREY (T V7
7/ 77 (Medicago varia) , ><U7 /3% -F (Stipa sibirica) . 574 3%E A X)L (Astragalus
adsurgens) . 7V A« 27 2 (Allium mongolicum) %) LR A 5% 2 % (mixed bacterial
culture) DAEREN R ZFI~RDZEThH o7, WFERRIZEE DS MBI K DHEN I TR0 RAY
THY NEDOAEE | AEAF A TREMEITER T XVE @ o7 EO 28 TED,

vil) 74V (AU VLA F5ERT FrIh—-TT7=7K)

HT7¥—F PGP |35 1T, Vitalgro } Y Aqua Oro &V \)FFRE4 T, 7V Rl R E
(DOST) -PNRI DT A2 A% 4572 2 #1042 (MTPSI X O HTLTCD 12X T74UE S [EN
Dk % 72 ET CRIES T, MithEbILRAFHRL TRV, HAID ik & 8% 7 55 Th
%o Hifl, W, WO TV T T 4 —F— DI DA R RN DRI EA D
7212 PNRI O - a% 2 L T 5, MTPSI & U8 HLTCI £ DOST-PNRI OF At
VABHIT 2018 AEITEA S, TR, 150 52V (28,000 KRL) DA RARER i s
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Bl 32 o7z, FNCA HARTAAZE SN T, Fxo B E T 7V 0V EE (AAC) N —ADiE
WL KA (SWA) B ST, FEETIRREHY 7 =7 %4l F L= A B bIc k0 . Rk b
HAAC DFFISE (DN) & OESHREEND ST ORI N T A—F— P ERS L, ZhbD
IRT A= — [ XEBRIC L > TIRFES U7, W08 R 1-IR T DK R FFDRICE S, 20%
AAC (30%DN) . 7.5%Ky . HUH#EERE 20 KGy D SWA DRI b @ -7, LR F
AF NN T—AR Nk -ATX—FUNR) T LA F D RR— 2D S G A K a7
VX, BUEO & 2 57 O IR URLA & OB SR ES Lz, 2o Ik Fix 8.
AR IS 2B, B, HE | FRENFTOAER ST oA FE e RS
HI-OIEA T 528N TED, EHH0 IR MAIDL MIEEECaNE 2 S i, M <
B JEREAEMEITAR
ix) ZA(FAPRADEWIETT 74— AT =T K)

2 10 NI | AL H B CO RS RRALERE AT O F % ATREIC 3~ Dtk 1 4%
BHLTWD, BEHRILERITPERE ., BRE R OREL G TR 2 723 B CRIH SN TV D, ikl
7T R OVEF AR BUR R D E A H T 5,

B TL, #5 O FRtEToIh a3 (oriental fruit fly) &S o= ba—L
DT=D VG FREEFE AT B AR (SIT) 2SR S Cnd, R HIEIZ 35T 80~90% D
T2 AR B R DA AN R S A7, TINT 13, A OBAEM B E ~D T~ fp L
B ROEBETR, Fio, REM L R — R MRG58 ORF 2, Hrlg{LAEH
J DD B E S DHERER T A% TR LT, B~ K& OFE 1R AR 38 A= 15 Y
ARBOUIBRETDIENTED, BRAEDMELLZEDTZO DK OEHIL, 2473 6 FD
BEEKENTE T2 L GHEASN WD, T ~RIBEHTE-, BEY & O B R
YN I DA A0 288K BA i 7 3 DT DI [ I S CnVD, T RRICEE TR S
DHIE, TR O T BEKRL CHIT M 2 ERT A icb SNz, AV
FMACLD NI HTAEIROIIRT, NI H T DR LA FEVE~D T T AD L Ra W
IRL T,

BREZITRL Tl Yuphils 4 K OV 8 s Al 2 i B3 572012 BREE & T B b
BT TTT T MEREST,

PEFEIZIBWTUE, i 7 w2 R OIE MR 5y DU &% K S 57280 O B LB RE ) D
B A B L BB A BRI CD, SHITRY~—HE 8, B, Bro—2 5
RO D KIRRY < —I%, ZDa=—r e (R 2B iRt K OVE R A1) 12
F0. k& e IR OT2D OEONBIENEEZ S D RIRA~—Th D, HUTRRLER T\
K O3 7 A RO AR (SWA) IFERFEICB O TEHSILTWD, SWA X, 4
N TRARE L L ORI i3 50— U —_"—LUTIERL, 72, K5
NG AEMERFT Do ZAUTHAE N O FLEE I 31T DK R R AR T 572D IR S
TWD, RS, O EAOEEHETRL T, EOIMBLEAIMTIED ) D722 ff
HahTnag,

x) NP A (RN LFTF e STy 7Ry AK)

AR A RIS 5 T R D AR e 7 VR 38 R 503 Mk s 2 FH o7

DITHFFEEI, BIRSNT0D, #8722 R V2% R 52 1ERL 272012, @y
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TALE W K AR Z WAERLG ORI E T L DFFED x5 Th- 7=, 1000, 9/1,
812, KN 713 DRI FEEEISG TDOETFT LIV RFL AT )L (CM) -F M ARA Y B D
NARTT VD T SRS -2 I Lo TEIL S 72, B, 2b oAb Ui,
HEWEIZL ST, FA RO HAKBESN R ESIL, ZHVEMHEZ R ET DIl T7)—
ART A% Kid& e 0 &AL E 7 BMEE (SEM) B A kO 7o, fREL T, F v
DX 72~84% . 10 B OIRIE . O - KM 4.9~12 glg, FL3A X7 100~350 um D>
AR VBRI H7-01213%, 30~35 kGy D ENRVLETH-T-, WEL-ETOH T
JLOHT, 9/1(13.5 g/1.5 g/7k 100 ml) DEE D ANAREF P FTF L ICM-F 23, b &
WZIVERSY (~84%) . WK JE (5.8 g/g) K ONLAHA KX 120~250 um % 3ERK L, [HI3ER i e
R RS L COME DT OB RFIHZNM - L TV,

3) T avInELDH

i) BB FRELTS M OB ETRHS

R

AV RIRLT KON F LTI, T2 B iR TR 7oA U 3 M 28 B EHD G
FHUlz, ZA RO~ — T8 Bkt e L COFV TR OERIZ I BB ZERRE LT,
o HEIMEIEILL COF VXM OIERIGIEN LSV, 74— VR T LIz, (b

L O AR T L OMETR)
o LT OMEIRFIEL TOA VAR DIRGEN KRS, TE D RIIRDT=0D
AVAF eV R O EDRICL RN FE STz, (RhL)

o ARERAATV, B ORESEMETRD, ([ F22T)

EBRHTOFX v/

a) T D AR K O HERIZ I 1T A VTR Mo D A = X LS I B S AU TR Y,
JSHE TOX Yy

b) /T VI T IR THADIKAN,

c) EfEEEE L COXERD N B,

d) AV LA TOD TG O LIS AR TE F RS TR,

FATEE

a) BWEAEILL COAVIFX M O RERET DL ERHD,

b) I T — AT AT IR EEE T HIET, T VI T I T 2 ADN ExX D,

¢) BOHTAV—TOXREERTTT 5,

d) APEMEM BT o TR R T oW 1A ESE D,

i) NARaS VO ERIGH

R

o “WRICHIIE R EM EL TONARRF LV OIER, (wL—3 7 KON L)

o API(hF~R— VIS ZALIAATE AR 7 V2 LTz R bEE IR OE A, (H
)
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o RIL= AT INa—)LL ¢ DITX—F L DTV URICH L~ BE L TEB LI A Ras L
RGO MEF M T L L O, S 2R LRI E =L 7 b a— L ~OHLHE
TEMEDIIASDFESi, (N7 T77 =)

o (kAL TONARET VDG, (T4UEY)

ERHTOX v

a) M1 D ANARBT VR ASOILE AN B T DR 2 S4LTR N,

JSHE TOX Yy

b) NARET VDRGNS 72 DT FIGE A~ OB L,

¢) HENIKIT DT VI T 7T B AD KA,

FEATETE

a) BRSO LRI,

b) NARa T VELEI BRI T 52 0F A =N —W =2 T2,

Q) BX T —IAT AT IR EEE T HIET, T VI -T2 ADN ExX D,

i) BREEE

R

o NAFNEEFIHUICBIRBSG D7 7 AN AT 4= —ay, (FrA)L)

o 7uAb(Cr), ARIVL(CA) KON T2 (U) 2 W& it 2 A& A DS B R R & =R F &
R (HE)

o ERAEFALULYAHEKROB AN IES M CEMSZ, (L)

o AURIIT T, EWMFINMERS NI K BIZB N T RO EN M ELT, (20~30%)

o E AR UTMENE K DL T 2NBIE 1 BRE T Th o, B3 ot i3 £LL<,
B SbmE o, (HIE)

HEFEH TOX Y

a) EBrRT — X OFIMENME,

JSHETOX Yy

b) WA DAAXRHHEIME,

) MERDIFILEEDF 4,

d) #HE T O HIAE R L QU2 et BEK DRI 23 R 4,

FAT T

Q) EBRLEZIMVIRE, —EMEAHER T2,

b) RIS, 7T 7 NEA | BEE S/~ — OB D DA ANRO 728 | Zlize 7 v A%
BAZE %, (FPE)

¢) BHBRARIA LI EOEA OB L, (Fr=aL)
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Minutes of
FNCA 2019 Workshop on Mutation Breeding Project

September 3 — 6™ 2019
Bandar Baru Bangi & Bangi, Malaysia

1) Outline of the workshop

i) Date September 31 - 6™, 2019

ii) Venue Bangi Resort Hotel, Bandar Baru Bangi and Malaysian Nuclear Agency, Bangi,
43000 Selangor Malaysia

iii) Host Ministry of Education, Culture, Sports, Science and Technology of Japan
(MEXT)

Malaysian Nuclear Agency (Nuclear Malaysia)

iv) Participants A total of 15 participants from 9 countries, i.e. Bangladesh, China, Indonesia,
Japan, Malaysia, Mongolia, The Philippines, Thailand and Vietnam (Annex 2)

v) Program Annex 1

Opening Session

Dr. Zulkifli Bin Mohamed Hashim, Deputy Director General of Malaysian Nuclear Agency (Nuclear
Malaysia) and Dr. Abdul Rahim Harun, Director of Agrotechnology and Biosciences Division delivered
welcoming remarks. Then Dr. Namba Hideki, FNCA Advisor of Japan gave an opening speech.

Overview Lectures
Dr. Namba reviewed FNCA activities in 2018-2019 and major success results achieved. Dr. Hase Yoshihiro,
FNCA Mutation Breeding Project Leader of Japan briefly described major outcomes of the FNCA Mutation

Breeding Project and the major issues to be discussed in the workshop.

Session 1 Follow-up on Sub-project on Sorghum and Soybean

Dr. Arwin from Indonesia presented about mutation breeding for anticipation of climate change. Two drought
tolerant soybean lines were released as new varieties named Kemuning-1 and Kemuning-2 in 2019. Including
these two varieties, Indonesia has released twelve mutant soybean varieties so far. Some advanced lines for
leaf rust tolerance, pod sucking pest tolerance, early maturing less than 75 days and super early maturing less
than 70 days are in multiplication trial. Some advanced lines were also selected for crop rotation with rice

without fertilizer and irrigation.

Open Seminar
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In the afternoon of September 3, open seminar on “Application of Radiation Technology and Mutation
Breeding for Sustainable Agriculture” was held with 45 participants from universities, research institutes and
private companies. Firstly, a short video on success story of mutation breeding in Malaysia was presented.
Prof. Shu Qingyao, Zhejiang University, China talked on the generation and evaluation of OsNramp5 mutants
by targeted mutagenesis for breeding low cadmium rice. Dr. Morishita Toshikazu, National Agriculture and
Food Research Organization (NARO), Japan presented an overview and outcomes of mutation breeding at
Radiation Breeding Division of NARO. Mr. Arwin discussed on the soybean breeding using nuclear
technique for anticipation of climate change in Indonesia. Dr. ANK Mamun Bangladesh Atomic Energy
Commission (BAEC) reported on the research activities of plant biotechnology in BAEC. Mr. Fernando B.
Aurigue, Philippine Nuclear Research Institute (PNRI) introduced an achievement of mutation breeding

activity at the Philippine Rice Research Institute (PhilRice).

Session 2 Country Report on Mutation Breeding of Major Crops for Low-input Sustainable
Agriculture under Climate Change
Nine member countries presented progress and activity plan on the Mutation Breeding of Major Crops for

Low-input Sustainable Agriculture under Climate Change.

Session 3 Round Table Discussion for Mutation Breeding of Major Crops for Low-input Sustainable
Agriculture under Climate Change
Dr. Hase gave a lead speech and emphasized that the adaptability to low input condition is the major target.
After discussion along with the points raised by Dr. Hase, the participants confirmed the followings.
1. All member countries are working towards sustainable agriculture with low input of chemical fertilizer
and pesticide, etc.
2. Improvement of nitrogen use efficiency is one of the major targets that we need to focus on to breed
high-yielding mutant varieties in the future.
3. Root system is an important trait to consider for high yield under low input condition.
4. Mutants obtained in this project are precious resources for identifying useful genes to breed elite
varieties in the future.
5. The combined use of mutant varieties and optimized cultivation methods, e.g. minimal use of chemical
fertilizers and pesticides, and increasing application of organic fertilizer, is a way to achieve

sustainable agriculture.

Session 4 Cooperation with IAEA/RCA

Dr. Namba reported on the ongoing interaction between FNCA and IAEA/RCA at the administrational level.
It has been agreed that FNCA and IAEA/RCA would continue the cooperation at project level. FNCA
Mutation Breeding Project has been cooperating with IAEA/RCA projects on mutation breeding. Dr.
Morishita reported on the recent RAS5077 meeting on assessing nutrient use efficiency organized by
IAEA/RCA held in August 2019 in Beijing. Some member countries are contributing to both FNCA and
IAEA/RCA projects.

Minutes and Closing Session
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The minutes were discussed and agreed by all participants. It will be reported to the 21st Coordinators
Meeting to be held in March 2020 in Japan. Dr. Kanchana Klakhaeng, Thailand introduced that next
workshop will be hosted by Thailand in August 2020. Dr. Harun and Dr. Namba delivered closing remarks

and thanked all participants for their efforts and contribution.

2) Technical Visit

Participants visited a seed company and rice fields in Tanjung Karang and Sekinchan, Selangor on September
5. Haji MD Nor bin Haji Abd. Rahman (M) Sdn. Bhd. (HMN), Integrated Agricultural Development Area
(IADA) and Bayer Co. (M). Sdn. Bhd., global life science company delivered remarks and introduced brief
profiles. Then participants observed certified rice seed factory of HMN and rice field for NMR152 which is
a mutant variety developed by Nuclear Malaysia. They recognized that Nuclear Malaysia has a good linkage
with other governmental authorities, seed companies and farmers. They also visited international flower

festival in Putrajaya.
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List of Participants
FNCA 2019 Workshop on Mutation Breeding Project

September 3@ — 6™ 2019
Bandar Baru Bangi & Bangi, Malaysia

Country Name Position and Organization
Bangladesh Dr. ANK Mamun Chief Scientific Officer and Head
(PL) Bangladesh Atomic Energy Commission (BAEC)
China Prof. Shu Qingyao Professor
(PL) Zhejiang University
Indonesia Mr. Arwin Soybean Researcher
Center for Application of Isotopes and Radiation
National Nuclear Energy Agency, Indonesia (BATAN)
Japan Dr. Namba Hideki FNCA Advisor of Japan,
(Advisor) QST Associate
National Institutes for Quantum and Radiological
Science and Technology (QST)
Japan Dr. Hase Yoshihiro Senior Principal Researcher
(PL) Department of Radiation-Applied Biology Research
Takasaki Advanced Radiation Research Institute
Quantum Beam Science Research Directorate
National Institutes for Quantum and Radiological
Science and Technology (QST)
Japan Dr. Morishita Toshikazu Director

Radiation Breeding Division

Institute of Crop Science

National Agriculture and Food Research Organization
(NARO)
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Country

Name

Position and Organization

Japan
(Secretariat)

Ms. Koike Aki

International Affairs and Research Department
Nuclear Safety Research Association (NSRA)

Malaysia Dr. Abdul Rahim Harun Director
Agrotechnology and Biosciences Division
Malaysian Nuclear Agency (Nuclear Malaysia)
Malaysia Dr. Sobri Bin Hussein Senior Research Officer
(PL) Agrotechnology and Biosciences Division
Malaysian Nuclear Agency (Nuclear Malaysia)
Malaysia Mr. Mustapha Akil Staff
Agrotechnology and Biosciences Division
Malaysian Nuclear Agency (Nuclear Malaysia)
Malaysia Mr. Faiz Ahmad Staff
Agrotechnology and Biosciences Division
Malaysian Nuclear Agency (Nuclear Malaysia)
Mongolia Ms. Ariungerel Mandakh Researcher
Plant Breeding Division
Institute of Plant and Agricultural Science (IPAS)
The Mr. Fernando B. Aurigue Senior Science Research Specialist (Scientist 1)
Philippines Philippine Nuclear Research Institute (PNRI)
(PL)
Thailand Dr. Kanchana Klakhaeng Expert on Rice Breeding
(PL) Rice Department
Vietnam Dr. Le Duc Thao Deputy Director
(PL) Agricultural Genetics Institute (AGI)
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Program of
FNCA 2019Workshop on Mutation Breeding Project

September 3@ — 6™ 2019
Bandar Baru Bangi & Bangi, Malaysia

Tuesday, September 314, 2019 (Day 1)
08:30-09:00 Registration
09:00 - 10:30  Opening Session
Chair: Dr. Sobri Bin HUSSEIN, Malaysia
1. Welcoming Remarks
1) Dr. Abdul Muin Bin ABDUL RAHMAN, FNCA Coordinator of Malaysia
2) Dr. NAMBA Hideki, FNCA Advisor of Japan

2. Opening Speech - Director General Malaysian Nuclear Agency

3. Overview Lectures
1) Overview and progress of FNCA activities in 2018-2019
Dr. NAMBA Hideki, FNCA Advisor of Japan
2) Outline of FNCA Mutation Breeding Project and purpose of the workshop
Dr. HASE Yoshihiro, FNCA Mutation Breeding Project Leader (PL) of Japan
4. Introduction of Participants
5. Confirmation of Agenda
10:30 - 10:45  Group Photo and Coffee Break
10:45-11:30 Session 1 Follow up of Sub-projects on Sorghum and Soybean
Chair: Dr. ANK MAMUN, Bangladesh
1. Report
Indonesia
2. Summary
11:30- 13:00  Lunch Break

Open Seminar on Application of Radiation Technology and Mutation Breeding
for Sustainable Agriculture
Chair: Dr. Sobri Bin HUSSEIN, Malaysia
13:45-14:10  Registration & Opening Remark — Dr. Abdul Rahim HARUN
14:10 - 14:15  Short Video Presentation : Success story on rice mutation breeding in Malaysia
14:15-14:45  Generation and evaluation of OsNramp5 mutants by targeted mutagenesis for breeding low
Cadmium rice
Prof. SHU Qingyao, ZJU, China
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14:45 - 15:15

15:15 - 15:45

15:45 - 16:00
16:00 - 16:30

16:30 - 17.00

Mutation breeding at Radiation Breeding Division
Dr. MORISHITA Toshikazu, NARO, Japan
Soybean Breeding Using Nuclear Technique for Anticipation of Climate Change in
Indonesia
Mr. Arwin, BATAN, Indonesia
Coffee Break
Research Activities of Plant Biotechnology in Bangladesh Atomic Energy Commission —
an Overview
Dr. ANK MAMUN, BAEC, Bangladesh
An Overview of Mutation Breeding at the Philippine Rice Research Institute
Mr. Fernando B. AURIGUE, PNRI, the Philippines

Wednesday, September 4th, 2019 (Day 20d)

09:00 - 10:45

Session 2 Report for Mutation Breeding of Major Crops for Low-input Sustainable

Agriculture under Climate Change

Chair: Dr. LE Duc Thao, Vietnam

10:45 - 11:00
11:00 - 12:10

1. Bangladesh
2. China

3. Indonesia
Coffee Break

Cont. of Session 2

Chair: Dr. Kanchana KLAKHAENG, Thailand

12:10 - 13:30
13:30 - 15:15

4. Japan (Dr. HASE Y oshihiro)
5. Malaysia
Lunch Break

Cont. of Session 2

Chair: Mr. Arwin, Indonesia

15:15 - 15:30
15:30 - 16:05

6. Mongolia

7. The Philiippines
8. Thailand
Coffee Break

Cont. of Session 2

Chair: Ms Ariungerel MANDAKH, Mongolia

9. Vietnam

Thursday, September 51, 2019 (Day 3%)

Technical visit to Rice Field, Tanjung Karang / Sekinchan, Selangor
and HMI Sdn. Bhd. Seed Company
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Friday, September 612019 (Day 4t)

09:00 - 10:30

Session 3 Round Table Discussion for Mutation Breeding of Major Crops for Low-

input Sustainable Agriculture under Climate Change

Chair : Dr. MORISHITA Toshikazu, Japan

10:30 - 10:45
10:45 - 12:00

1. Lead speech
Dr. HASE Yoshihiro, FNCA Mutation Breeding PL of Japan
2. Discussion
3. Summary
Coffee Break
Session 4 Cooperation with IAEA/RCA

Chair: Prof. SHU Qingyao, China

12:00 - 14:00
14:00 - 16:00

1. Report

Dr. NAMBA Hideki, FNCA Advisor of Japan
2. Report

Dr. MORISHITA Toshikazu, NARO, Japan
3. Discussion
Lunch Break

Session 5 Minutes

Chair: Mr. Fernando B. AURIGUE, the Philippines

16:00 - 16:30

1. Wrap up of minutes
2. Adoption of Minutes

Closing Session

Chair: Dr. Sobri Bin HUSSEIN, Malaysia

1. Closing Remarks
1) Dr. Abdul Rahim HARUN, Nuclear Malaysia, Malaysia
2) Dr. NAMBA Hideki, FNCA Advisor of Japan
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Minutes of
FNCA 2019 Workshop on Radiation Processing and Polymer Modification Project

September 3@ — 7" 2019
Yogyakarta, Indonesia

1) Outline of Workshop

i) Date September 31 — 7t 2019
ii) Venue Royal Ambarrukmo Yogyakarta
iii) Host Organisation National Nuclear Energy Agency (BATAN) of Indonesia

Ministry of Education, Culture, Sports, Science and Technology of
Japan (MEXT)

iv) Participants Twenty four (24) participants from ten (10) FNCA member countries:

Bangladesh, China, Indonesia, Japan, Kazakhstan, Malaysia,

Mongolia, The Philippines, Thailand and Vietnam. Listed in Annex 2.

v) Programme Annex 1

The FNCA 2019 Workshop on Radiation Processing and Polymer Modification (RPPM) was held from 3rd
to 7th September 2019, at Royal Ambarrukmo Yogyakarta. The workshop was jointly organised by the
BATAN of Indonesia and the Ministry of Education, Culture, Sports, Science and Technology (MEXT) of

Japan.

Twenty four (24) representatives involved in radiation processing and polymer modification from 10 FNCA
member countries attended the workshop, namely Bangladesh, China, Indonesia, Japan, Kazakhstan,
Malaysia, Mongolia, Philippines, Thailand and Vietnam. The program of the workshop is attached as Annex

1. The list of participants is attached in Annex 2.

Session 1: Opening

Dr Hendig Winarno, FNCA Coordinator of Indonesia and Deputy Chairman of BATAN for Nuclear
Technology Utilization, Mr Wada Tomoaki, FNCA Coordinator of Japan and Edy Giri Rachman Putra PhD,
Acting Director of Science and Technology Accelerator, Director of Polytechnic of Nuclear Technology and

NEXPO Coordinator gave opening remarks.

Session 2: Overview and Achievements of FNCA Projects
Mr Wada reported the overview and achievements of the seven FNCA projects in 2018 and 2019. He reported
that the Ministerial Level Meeting 2018 encouraged the member countries to bring the R&D products of

radiation processing and polymer modification to the end-users including the private sector.
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Session 3: Progress Report on Biofertilizer
Eight (8) progress reports on the current activities of Biofertlizer were presented. The summary of each report

is attached in Annex 3.

Session 4: Progress Report on Polymer Modification
Ten (10) country reports were presented on the progress of current research on radiation processing and

polymer modification. The summary of each report is attached in Annex 3.

Session 5: Discussion on Achievements, Obstacles and Planning

The participants were divided into seven groups based on their research themes, namely “Degraded Chitosan
for Animal Feeds”, “Hydrogel for Medical Application”, “Environmental Remediation”, “Synergistic Effect
of Plant Growth Promoters (PGP), Super Water Absorbents (SWA) and Biofertilizer (BF)”, “PGP and SWA,
Inclusive of Process Development”, “PGP and SWA, Inclusive of Process Development” and “Sterilization

of BF Carrier Using Gamma Irradiation”.

Session 6: Presentation on Achievements, Obstacles and Planning
Each group reported the results of discussion. The summary of each report is attached in Annex 3.

Session 7: Summary
Draft summary will be reviewed by the participants and approved by Monday 30 September.

Session 10: Closing
Edy Giri Rachman Putra PhD and Dr Shin Okazaki gave closing remarks.

Technical Visit (5th September)

The participants visited two villages in Kulon Progo district where BATAN is conducting field experiment
of oligochitosan (“Fitosan”) and biofertilizer (“IMR”) on 5th September. In Gerbosari village, Samigaluh
sub district, oligochitosan is applied on Chrysanthemum. The application of oligochitosan on
Chrysanthemum affect the height of plant which is much taller compared to control. The flowers have not
bloomed yet. The expected harvest time is one month later. Furthermore, the plant is healthier reflected by
the color of leaves that look greener without any diseases compared to  control that have some spots of mold
on the leaves. The Chrysanthemum will be exported to Japan next year. In Gotaan village, also in Samigaluh
sub district, oligochitosan and biofertilizer are applied on onion and chili plants. The plants treated by
oligochitosan and biofertilizer have much more tuber than control. In the both fields, 100 ppm oligochitosan

is foliar sprayed every two weeks.

Open Seminar (6th September)

Indonesia Nuclear Expo 2019 was held from 2nd to 6th 7th September at Royal Ambarrukmo Yogyakarta
with approximately 600 participants (514 presenters & observers, and 86 exhibitors). FNCA participants
joined the symposium held on 6th October by participating in oral and poster sessions. At the beginning of
the symposium, representatives from Indonesian government, local government of Yogyakarta and related

agencies gave welcome remarks, respectively. From FNCA, Dr Phiriyatorn Suwanmala and Dr Hanawa
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Takehisa gave a presentation as an invited speakers at the parallel sessions. Other FNCA participants also

gave presentations on their research activities and results.

Annex 3. Session Summary

Session 2: Overview and Achievements of FNCA Projects

1) FNCA Achievements 2018-2019 (Mr Wada Tomoaki)

FNCA Ministerial Level Meeting agreed to encourage the member countries to bring the R&D products of
such projects as mutation breeding, radiation processing and polymer modification to the end-users including
the private sector, promote cooperation with international organizations, and further accelerate FNCA
activities not only by accelerating the existing R&D themes but also adopting possible future R&D themes.
Regarding Radiation Processing and Polymer Modification project, we have started discussing the new R&D
themes such as animal feed supplement, environmental remediation, and hydrogel for medical application

since last year. Interesting R&D reports have already being made form member countries.

2) Project Overview (Dr Tamada Masao)
Radiation processing and polymer modification project was launched newly from 2018 by merging electron
accelerator and biofertilizer projects. The project explored gaps in basic and application aspects and
corresponding implementation plans in the following seven R&D subjects which meet the needs in
participating countries:
1. Degraded chitosan for animal feeds
2. Hydrogel for medical application
3. Environmental remediation
4. Synergistic effect of plant growth promoters (PGP), super water absorbents (SWA) and biofertilizer
(BF)
5. PGP and SWA inclusive process development
6. Mutation breeding of BF microbe using gamma irradiation
7. Sterilization of BF carrier using gamma irradiation
Special topics toward technology transfer in participating countries are:
o Marketing authorization of oligochitosan as immuno-stimulant and growth in aquaculture was issued.
(Degraded chitosan for animal feeds, Vietham)
e More than 150 patients were treated by hydrogel wound dressing (Hydrogel for medical application,
Bangladesh).
e Adsorbent for collecting uranium from seawater was prepared on a bench scale and evaluated by
seawater waterway experiment. (Environmental remediation, China)
We will continue information sharing and discussion on seven subjects that will lead various applications in
agricultural, environmental, and medical field to promote R&Ds and their technology transfer to end-users

in participating countries.

Session 3: Progress Report on Biofertilizer

1) Dr Md Kamruzzaman Pramanik, Bangladesh Atomic Energy Commission, Bangladesh
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1. Synergistic/ combined effect of chitosan (as PGP) and Azopirillum spp. (as biofertilizer) on rice plants
Combined effect of chitosan as PGP and Azospirillum species as biofertilizer on rice plant was studied in a
semi-field level experiment.. Six treatments were applied with triplicates viz, T1: 100% chemical fertilizer,
T2: 40% chemical fertilizer, T3: 40% chemical fertilizer +100ppm chitosan, T4: 40% chemical fertilizer
+100ppm chitosan+ biofertilizer, Ts: 40% chemical fertilizer + biofertilizer and Ts: Control (native nutrient).
Rice variety, BRRI-129 was selected as test rice variety and several parameters including tiller height and
number, panicle length and grain yield were assessed to determine if any synergistic or combined effect of
chitosan and biofertilizer is present. Result showed that both the highest tiller height (93.98 cm) and tiller
number (17.89/hill) were found in T and no synergy was found with respect to these parameters. The highest
panicle length (24.46 cm), grain no./panicle (194.12) and straw weight were also found in the same (T1)
treatment and were almost unaffected with either treatment. Grain size was increased upto 3.07% in the Ts-
treatment as measured by 1000-grain weight but not at significant level. Grain yield of rice (t/ha) was
increased up to 4.41% in Ts—treatment in comparison to control but not as synergistically. Overall results
indicate that integrated use of chitosan (100ppm) plus biofertilizer along with (40%) chemical fertilizer has

some effect with respect to grain size and yield.

2. Incorporation of antimicrobial activity in PVA hydrogel upon addition of chitosan

Hydrogel made of polyvinyl alcohol (PVA) is a material that has potential and different biomedical usages
including wound healing and burn dressing. PVA along with other natural polymer (e.g., k-carrageenan) is
usually processed by gamma radiation and produces flexible, transparent, mechanically suitable, economical
and biocompatible hydrogel. In Bangladesh, hydrogel produced/ processed by ionizing radiation has been
used for several years which is made of only PVA or PVA plus k-carrageenan where radiation processing
and sterilization is performed simultaneously. As chitosan is a natural polymer and its antimicrobial activities
can be obtained or enhanced by applying gamma radiation, an effort was made to incorporate chitosan in
PVA to attribute the gel with antimicrobial properties upon irradiation by gamma ray from Co-60 source. In
this experiment 2.0% and 1.0% chitosan dissolved in 2.0% and 1.0% acetic acid was mixed with same amount
of 20% PVA dissolved in distilled water to produce mixture of 1.0% and 0.5% chitosan in 10% PVA,
respectively. After casting, this material was irradiated with a radiation dose of 25.0 kGy from Cobalt-60
gamma source. Then, gel disk was made with sterile borer and tested for antimicrobial activity against both
Gram positive (Staphylococcus aureus) and Gram negative (E. coli) bacteria by disk diffusion method on
Mueller Hinton Agar medium. Result showed that gel containing chitosan showed antimicrobial activity as
per concentration dependent manner as measured by zone of inhibition and Gram positive bacteria was found
more sensitive than Gram negative bacteria. Beside antimicrobial properties, some of the physical parameters
(e.g., swelling ratio, porosity etc.) were also improved in chitosan- incorporated PVA hydrogel. However,
further test and trails are required to optimize and confirm the suitability and biocompatibility issue before

its final applications.

2) Dr Nana Mulyana, National Nuclear Energy Agency, Indonesia
Climate change and mismanagement of natural resources was affect to land degradation. This condition can

disrupt the sustainability of agriculture and the environment, so that a comprehensive effort is needed to

101



restore the land strategic function. Land bioremediation is an effort to improve the plant's rhizosphere
ecosystem. The use of local organic matter and inoculant selected functional microorganisms is very
necessary in land remediation with extreme environmental stress. Selected microorganism strains can be
obtained through exploration or increased ability of selected strains from culture collections. Co-60 gamma
irradiation has the potential to be used in increasing the ability of selected strains, especially selected fungi
strains. The use of Co-60 gamma rays has also been proven to produce carriers with the high strility and
quality guarantee. Land bioremediation with inoculant functional microorganisms and local organic material
is expected to be an alternative solution to develop the rhizosphere ecosystem and restore the land strategic

functions

3) Biocontrol and Growth Promotion Effects of Bacillus-based Biofertilizer with Oligochitosan (Dr
Okazaki Shin, Tokyo University of Agriculture and Technology, Japan)

We screened plant growth-promoting strains from field soils at the Tokyo University of Agriculture and
Technology (Tokyo, Japan) and isolated a strain, TUAT1, which was identified as Bacillus pumilus. TUAT1
promotes the growth of several plants, including that of rice and Brassica species. An inoculant for rice was
developed using TUAT1 that has been commercialized as “Kikuichi” in Japan.

Meanwhile, we found that TUAT1 could inhibit the growth of some plant fungal pathogens when cultivated
together in a agar plate. To understand the biocontrol activity and mechanisms of Bacillus pumilus TUAT1
on different plant fungal pathogens, we evaluated biocontrol spectrum and identify the biocontrol agents of
TUATL. We found that TUAT1 could inhibit the growth of several fungal pathogens. Among them, we found
that TUAT1 could inhibit strongly the growth of Calonectria ilicicola which causes soybean root rot disease,
one of the severest soybean disease in the world. On the pot experiment, we found that the TUAT1 could
alleviate the disease occurrence of soybean root rot disease and promote the growth of soybean. Furthermore,
additional treatments of soybean plants with oligochitosan together with TUAT1 could enhance the the
disease control as well as the seed production. We further analyze the biocontrol agent produced by TUAT1

and for understanding the biocontrol mechanisms and further application.

4) Current Status and Future Research of Malaysia’s Biofertiliser (Dr Phua Choo Kwai Hoe,
Malaysian Nuclear Agency, Malaysia)
Malaysia’s biofertiliser market is currently focusing on liquid multifunctional biofertiliser products.
Numerous farmers, especially paddy growers, have been in search of biofertiliser products. Various paddy
plots had been tested with biofertiliser and had shown favourable yields. The Malaysian Nuclear Agency had
commercialised a multifunctional biofertiliser (Bioliquifert). Two multifunctional biofertilisers, namely, AP1
and M99, are currently in the process of commercialisation. Improvements in the multifunctional activities
of biofertiliser microbes had been conducted through gamma irradiation. Two gamma-irradiated biofertiliser
microbes, namely, Acinetobacter baumanii and Acinetobacter calcoceticus, had been obtained. The mutation
effects on nitrogen and phosphate solubilisation gene (nif and pgq genes) had been studied. The synergistic
effect of radiation-processed chitosan with biofertiliser had been performed on maize and vegetable crops.
No synergistic effect of radiation-processed chitosan with biofertiliser on vegetable crops was generated in

the greenhouse experiment. The combined radiation-processed chitosan, biofertiliser with chemical or
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organic fertiliser on maize at plot experiments resulted in favourable yield in comparison with farmer
practices. Gamma sterilisation on carrier showed that 20 kGy can kill bacteria, fungus and actinomycetes.
Future biofertiliser research will focus on multifunctional biofertiliser, mutagenesis biofertiliser microbes,
seed treatment biofertiliser through gamma irradiation breeding tomato seed, developing a cost-saving

radiation-processed chitosan mixture biofertiliser and gamma sterilisation using a new biofertiliser carrier.

5) Study on The Effects of Oligochitosan and Biofertilizer on Greenhouse Plants (Ms Sunjidmaa

Otgonbayar, Institute of Plant and Agricultural Sciences, Mongolia)
Evaluation of the synergy effect between bio-fertilizer and oligochitosan was conducted to determine the
growth and yield of the tomato and pepper. Study was conducted in a split-plot design with 2 replications
was used and each replication consisted of nine plants. Study for synergistic effect of biofertilizer and
irradiated oligochitosan, some positive effect such as plant growth promoter in tomato and pepper growth
stage in the green house experiment. The plots on Oligochitosan and biofertilizers application was high
efficiency and more than green mass 30-35%, vegetative growth, flowering and fruit development stages was
in before 5-7 days, rate to control.

6) Performance of Bio N microbial inoculant and Carageenan on the Yield of Corn (Zea maize) (Ms
Julieta A. Anarna, National Institute of Molecular Biology and Biotechnology, the Philippines)

The heavy applications of chemical fertilizers result to disturbance of soil properties, environment and human
health It is in this regard that bio-fertilizer research was undertaken come up with more cost-efficient and
alternatives to imported chemical fertilizers for enhancing agricultural crops with less dependence on
chemical fertilizer. The use of microbes as biofertilizer is an important part for sustainable production of
agricultural crops. Biofertilizer is a cheaper alternative to the continuous rising cost of chemical fertilizer and
can help boost crop production at a much lower cost and thereby increase farmers’ income.

This year three experiments were conducted using corn as the test crops to determine the effect of single and
combined inoculation of biofertilizers commercially available at BIOTECH-UPLB namely Bio N
(Azospirillum)and Mykovam (Mychorhiza).Plant growth promoter carrageenan formulated from radiation-
processed carrageenan—an extract from seaweed processed into powder .from PNRI was also evaluated in
combination with Bio N.  All experiments were set up under field condition at BIOTECH demonstration
farm and in one of the province of the Philippinnes (Tanauan, Batangas laid out in a Randomized Complete
Block Design (RCBD) with 4 replications, Different treatments were employed in each studies. For Study
1 Effect of chemical fertilizer and Bio N inoculation conducted from September to November, 2018 the
treatments used were T1 - Full Chemical Fertilizer and T2 - Full Chemical Fertilizer + Bio N.  For the study
combined inoculation of Bio N and Mykovam the following treatments were used, T1 — Control T2 — Full
Chemical fertilizers T3 — Full Chemical fertilizer + Bio N T4 - 1/2 Chemical fertilizer + Bio N T5- Bio N +
Mykovam and T6 — % Chemical fertilizer + Bio N + MykovamFor synergy effect study the following
treatments were employed in the study T1-Control, T2- Chemical fertilizer, T3- %2 Chemical fertilizer, T4-
Bio N, T5- Bio N + Chemical fertilizer, T6- Bio N + % Chemical fertilizer, T7- Carrageenan, T8-
Carrageenan, T9- Carrageenan+ Chemical fertilizer and T10- Carrageenan + Bio N Yield data was gathered

and computed from the sample plots. Data obtained from study 1 shows positive effect with 29 .22 % increase
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over the uninoculated plots. The results showed on study 2 that mean weight of corn from the plants treated
with % chemical fertilizer combined with Bio N and Mykovam were comparatively similar to the fully
fertilized plot . The study revealed that the highest yield was obtained from plots treated with both Bio N and
carrageenan with 15.96 tons and 15.87 tons per hectare respectively compared with chemical fertilizer with
only 14.16 tons per hectare. A 1.80 tons was realized due to inoculation and application of Bio N and
carrageenan. The application of biofertilizers whether singly or with co- inoculation improve productivity of
the test crop. The National Institute of Molecular Biology and Biotechnology is continuously promoting the
use of biofertilizers and extending it to the Filipino farmers. Sterilization of Bio N BF carriers using 20kGy

gamma irradiation is being employed.

7) Development of Liquid Rhizobium Bio-fertilizer and Phosphate Solubilizing Bio-fertilizer Powder
by Spray Drier (Dr Kunlayakorn Prongjunthuek, Department of Agriculture, Thailand)

Powdered rhizobium bio-fertilizer faced with the problem of contamination in carrier. Therefore, studied in
a liquid form which is convenient for use because it can be used to mix seeds directly without seed coat or
sticky substances. Studying liquid formulations for rhizobium bio-fertilizers of mung bean containing various
polymers such as CMC, soluble starch and MgO using YM as a standard formula and product retention
period. The results showed that rhizobium can grow well in YM + MgO 1 g/L, with the amount of survival
after 180 days of storage at room temperature at 2.18x10° colonies/ml.

Phosphate solubilizing bio-fertilizers using cow manure fermented as carrier, which is uneven and
contaminated. Therefore, develop the production model in powder form by spray drying machine by selecting
highly effective bacteria, the optimum conditions for powder form production and storage of products was
studied. The results performed that Pseudomonas fluorescents SM-P025B had the survival after spraying
drying at 110 and 120°C more than 80% and the product gave the highest of tomato germination at 92.31%.
For storage period of 6 months at 4°C and room temperature gave the amount of survived was 2.18x108 and

1.16x108 colonies/gram bio-fertilizer, respectively, which exceeded by the Fertilizer Act.

8) Preparation of Microbial Fertilizer in Beads for Vegetable (Dr Tran Minh Quynh, Vietnam Atomic
Energy Institute, Vietnam)

In this experiment, a granular microbial fertilizer containing nitrogen fixation bacteria (Azotobacter
chroococcum VACC 86) and 1AA producing bacteria (Bacillus megaterium VACC 118) has been prepared.
Briefly, the bacterial strains were selected from the Culture collection of Soils and Fertilizers Research
Institute, activated and cultured in corresponding fermentation media. Then, the stationary phase cultures of
A. chroococcum and B. megaterium at densities of about 7.5x107 and 2.5x10%° CFU/g, respectively, were
homogeneously suspended in the carrier mixture of 2% sodium alginate and 33% radiation modified cassava
starch. Resulting solution was dropped in 2.5% CaCl; solution for precipitation in bead. The bead containing
bacteria were stabilized by crosslinking between sodium alginate and calcium ion for further 30 min, then
dried to a critical moisture below 10%. Density of surviving bacteria in the beads was determined according
to TCVN 6166:202 and TCVN 8736:2011 periodically at days 7, 30, 90 and 180. The results revealed that
the cell density in the resulting microbial fertilizer still higher than 108 CFU/g after 6 month storage.
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Resulting beads were applied to vegetable at the rate of 20 kg per ha and the results revealed that the fertilizer
could promote the growth of cabbage, tomato and radish cultivated in both screen house and field.
Application of the resulting fertilizer with NPK much increased the rate of folded plant, fresh weight of head
and yield of the cabbages grown on alluvial soil. These results also observed in the plant treated with reduced
inorganic fertilizer (80% NPK as local standard). Thus, the microbial fertilizer can be partly replaced for
chemical fertilizers, as potential solution for sustainable agriculture in order to reduce environmental

pollution and adapt to climate change.

Session 4: Progress Report on Polymer Modification

1) Mr Md Saifur Rahaman, Bangladesh Atomic Energy Commission, Bangladesh

1. Application of oligo-chitosan as plant growth promoter on Capsicum (Solanaceae Genus) and
Strawberry (Fragariaananassa)

Nuclear and Radiation Chemistry Division, Institute of Nuclear Science and Technology, Atomic Energy
Research Establishment, Savar, Dhaka, Bangladesh.

Semi-Field and pot experiments were conducted at the yard of Atomic Energy Research Establishment, Savar,
Dhaka, Bangladesh during the period December 2018 to May 2019 to investigate the effect of o-chitosan
application on the growth and economic yield of capsicum and strawberry respectively. The foliar application
of oligo-chitosan was done every ten days interval up to harvesting. Effects of oligo-chitosan on both the
plants’ growth and productivity were investigated in terms of total number of fruits, total weight of fruits,
harvest time and % yield. For Capsicum, the experiment comprised of four (4) levels of oligo-chitosan
concentrations viz., 0 (control), 50,75 and 100 ppm. The results showed that the foliar application of oligo-
chitosan at 75 and 100 ppm concentrations displayed significant effects. The productivity was increased up
to 89 and 146 % over control for75 and 100 ppm respectively. In the pot experiment for the strawberry plants
the used oligo-chitosan oligo-chitosan concentrations were 0 (control), 25, 50, 75 and 100 ppm. Among all
the concentrations 25 and 75 ppm showed significant results. The results showed that the productivity of the
strawberry plants increased upto 54 and 48 % for 25 and 75 ppm respectively. For both the plants under
experiment, oligo-chitosan shortened the harvest time in contrast to control.  These results suggest that foliar
application of oligo-chitosan at 75 or 100 ppm for Capsicum and 25 or 75 ppm for Strawberry can be taken

as the optimum concentrations for maximizing plant growth and yield of these plants.

2. Preparation of hydrogels dressing from PVA and Chitosan with improved properties by gamma
radiation.

Our group is working on the preparation and characterization of hydrogels from various hydrophilic polymers
by the application of gamma radiation. A hydrogel from 10% PVA and 1% k-carrageenan for biomedical
application by gamma radiation (25 kGy) and have been applying this excellent dressing material for burn
wounds at Uttara Adhunik Medical College Hospital, Uttara, Dhaka, since March 2011 for clinical test. We
are trying to supply the hydrogels to other medical colleges as an effort of expanding the arena and
acceptabilit of the this hydrogel. The feasibility study of the hydrogels at 20, 30 and 40 °C showed that, the
use of hydrogel is feasible over the experimented temperatures. The routine sterility check of the hydrogels

are done per batch from Microbiology and Industrial Irradiation Division, Institute of Food and Radiaiton
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Biology, BAEC. As an effor to enhance and improve the quality of the hydrogel dressing we have prepared
chitosan incorporated hydorgels by gamma radiation at 25 kGy radiation dose having 10% PVA with (A) 1,
(B) 0.5% (1% acetic acid),0.5% (0.5% acetic acid) and (D) 0% chitosan contents. Gel fraction and
crosslinking density of the hydrogel containing 1% chitosan is the lowest (90 %) and the % swelling ratio
(~500%) of this hydrogel is highest. Between the hydrogel samples B and C, B renders lower % gel (~
95%) and thus higher % swelling ratio (~400%). Antimicrobial activity of the prepared samples were done
at Microbiology and Industrial Irradiation Division, Institute of Food and Radiaiton Biology, BAEC and
positive result was found for the all the samples. Further investigation is required to optimize a chitosan

containing hydrogel for medical use.

2) Develop of Metal lons Adsorbent and Super Water Adsorbent with Radiation Induced Graft
Polymerization and Crosslinking (Dr Ma Hongjuan, Shanghai Institute of Applied Physics,
Chinese Academy of Sciences, China)

A series of fibrous adsorbent was prepared by pre-irradiation grafting of monomers including acrylic acid,
acrylonitrile, glycidyl methacrylate et al. onto the polymeric fiber using %°Co vy-rays and electron beam
irradiation. The original and modified fibers were characterized by a series of characterization methods to
demonstrate the attachment of functional groups onto the fibers. The adsorption capacity of the functional
fiber was investigated in aqueous solutions containing various metal ions such as Cr(V1), Cd(VI), U((V1)) et
al.. The breaking strength confirmed that the fibrous adsorbent could maintain good mechanical properties
and long service life.

Amylum-based super water adsorbent (SWA) was prepared with co-irradiation induced grafting and

crosslinking of acrylates. Water absorption ratio can research 350 g/g in deionized water and 50 g/g in 0.9wt%

NaCl agueous solution, which meet a criterion of Chinese agricultural industry standards. This SWA is using

in west China for desertification control. Survival rate of the typical plant in desert was significantly enhanced

with certain content of SWA.

3) Application of Irradiated Chitosan for Plant Elicitor and Animal Feed Additive (Dr Darmawan
Darwis, National Nuclear Energy Agency, Indonesia)
National Nuclear Energy Agency (BATAN) Indonesia has successfully prepared irradiated chitosan
(oligochitosan) from shrimp shells using demineralization, deproteination, and deacetylation process to
produce chitosan and it was followed by irradiation using gamma rays. It is well known that oligochitosan is
used as PGP (plant growth promoter), plant elicitor, animal food additive, pharmaceutical and cosmetic
product, as well as biomedical materials for application in medicine. In this report, oligochitosan was used
for PGP, and plant elicitor to suppress the rust leave disease on the Chrysanthemum plant and as an animal
feed additive for ruminant (cow and sheep) and hen. In the Chrysanthemum plant, oligochitosan was foliar
sprayed with a concentration of 100 ppm once a week for 3 months. As a positive control, the
Chrysanthemum plant was sprayed with Hyponex and Extragreen liquid fertilizers. While for animal feed
additive, oligochitosan was added to the concentrated animal feed with a concentration of 300 up to 500 ppm
and without oligochitosan added to the concentrated animal feed as a control. The animal was given the

formula every day up to 40 days. The results showed that the Chrysanthemum (PN variety) treated with
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oligochitosan have shorter harvesting time (112.33 days) compared to the Chrysanthemum treated with
Hyponex (121.33 days) and Evergreen (123 days). It was observed that oligochitosan suppressed rust leave
disease i.e., having the disease of only 21.53% compared to control (36.13%). Application of oligochitosan
as animal feed additive showed increasing body gain in Pasundan’s cow with the increasing of concentration
of oligochitosan. It was showed that the increasing of body gain after 40 days application of oligochitosan
with concentration of 0, 300, 400 and 500 ppm are 5.2, 9.8. 10 and 13.8 kg, respectively. The same tendency
was also observed for increasing body gain in sheep and hen. Additionally, the oligochitosan increased the
weight of hen’s egg. It can be concluded that oligochitosan is effective as PGP and plant elicitor to suppress

rust leave disease in Chrysanthemum plant and increase body gain of Pasundan’s cow, sheep, and hen.

4) Preparation and characterization of hydrogels by electron beam cross-linking (Prof Hanawa
Takehisa, Tokyo University of Science, Japan)
Oral formulations are frequently used in pharmacotherapy because of their convenience, but drugs with a
bitter or unpleasant taste may cause lower adherence. Reduction of bioavailability by the hepatic first pass
effect is also of concern for oral preparations. On the other hand, transdermal absorption-type
pharmaceuticals are odorless, can avoid the hepatic first pass effect, and are applicable for patients with
undeveloped swallowing function such as infants or elderly patients with dysphagia. Transdermal
formulations, in particular, have the advantage of being able to be immediately discontinued by peeling off
when side effects occur. However, the skin permeability of drugs depends on the condition of the skin, and
because of individual differences, techniques and drug carriers to improve skin permeability have been
examined and developed.
Recently, gel formulations have attracted attention as one of the transdermal-absorbable formulations. Gels
are semi-solid formulations capable of incorporating hydrophilic or hydrophobic solvents in the interstices
of a three-dimensional network, and are classified into hydrogels containing water and organogels containing
organic solvents based on the nature of the liquid phase within the gel.
Hydrogels can retain a large amount of water in a three-dimensional network, and are used as absorbent
bodies for paper diapers, soft contact lenses, water retention materials for plants, etc.. Hydrogels are also
more suitable for medical materials by having structures closer to biological tissues than other synthetic
biocompatible materials, and are expected to be further exploited. Examples of practical applications as
medical hydrogels include hydrogel-type wound dressings that promote healing by wetting wounds and
disastrous exudate absorbers that absorb excess exudate.
Common preparation methods for hydrogels include chemical and physical cross-linking methods. The
chemical cross-linking method involves adding chemical cross-linkers, such as glutaraldehyde and 1-ethyl-
3-(-3-dimethylaminopropyl) carbodiimide hydrochloride (EDC) and N',N'-dicyclohexylcarbodiimide (DDC)
to form covalent cross-linking of polymeric chains. However, EDC and DDC are highly toxic to living
organisms, causing severe skin allergy, and skin irritation, such as cytotoxicity, due to residual cross-linkers,
and rash and redness caused by organic solvents are problematic; therefore, a safer preparation method is
required. On the other hand, physical cross-linking methods without the use of cross-linkers include the

freeze-thaw method, by which the local concentration of polymer chains increases locally to form cross-
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linked structures by noncovalent bonds occurring between polymer chains because ice and macromolecules
are phase separated by cooling the aqueous polymer solution below the freezing point, the y-ray irradiation
method and the electron beam irradiation method, by which cross-linking, degradation and polymerization
occur due to radicals generated by the polymer undergoing y-ray or electron beam irradiation. The electron
beam cross-linking method may be able to prevent toxicity problems due to residual cross-linkers because
the hydrogels are formed by irradiating water-soluble polymer solutions, such as hydroxypropyl cellulose
(HPC) and methyl cellulose (MC), with electron beams, and no cross-linker is used. However, although
hydrogels formed by irradiating HPC and MC solution with electron beams are currently utilized as wound
dressings, those formed from hydroxypropyl methylcellulose (HPMC), a cellulosic derivative, have not been
reported. When a hydrogel is used as a drug carrier, there is a method of introducing a drug into the hydrogel
by immersing the drug solution in the hydrogel for a long period.

Therefore, in this study, we focused on tramadol hydrochloride (TRA) as a water-soluble drug. TRA is used
as an analgesic for several cancers and as a postoperative analgesic. It acts on p-opioid receptors by inhibiting
the reuptake of serotonin and noradrenaline, and is freely soluble in water [19]. In this study, we first prepared
hydrogels from water-soluble polymeric HPMC by electron beam cross-linking and assessed their physical
properties. Then, the potential applications of HPMC hydrogels prepared by electron beam cross-linking in
transdermal absorption-type formulations were investigated using the water-soluble drug TRA as a model
drug.

Irradiation of aqueous HPMC, a water-soluble polymer, with electron beams formed hydrogels at both
concentrations (10 or 20%) and all electron doses (10, 30 or 50 kGy). Furthermore, the hydrogels formed by
electron beams exhibited different physical properties depending on the electron beam irradiation dose. For
the water-soluble pharmaceutical TRA, its release from the hydrogel and skin penetration differed depending
on the irradiation dose. Therefore, the released amount of the water-soluble drug TRA was able to be

controlled by changing the irradiation dose.

5) Dr Pavel Krivtsov, JSC ""The Park of Nuclear Technologies™, Kazakhstan

Kazakhstan considers relevant to use super water absorbers (SWA) because of farming in areas with a
shortage of fresh water. Therefore, the Park of Nuclear Technologies has been conducting studies since 2014
and what’s more, it has established SWA pilot production from potassium polyacrylate. The PNT has
produced a pilot batch of SWA in the amount of 150 kg and transferred it to Krasnovodopadskaya
experimental station and forestry Semey Ormany for field research. The following results were obtained:
chickpea yield increased by 180% after using SWA 25kg/hectare compared to the control sample which
increased by 196% using SWA 50 kg/hectare. The survival rate of two annual pine seedlings was raised twice.
The PNT is conducting research to raise carboxymethylcellulose in SWA,; it obtained a patent for a method
of producing SWA using electron accelerators; registered BetaSorb trademark; purchased and established
equipment for SWA production with a capacity of 200 tons/year. Production line is going to be launched in
2019.
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Investigations are also underway on using SWA in the manufacture of substrate for mushrooms’ production.
SWA can reduce loss of moisture by substrate that leads to an increase in productivity. When using SWA

from CMC, SWA will also be a breeding ground for fungal spores in addition to keeping.

6) Radiation Modification of Polymers Current R&D&C Activities in Nuclear Malaysia (Ms Maznah
Binti Mahmud, Malaysian Nuclear Agency, Malaysia)
Nuclear Malaysia (NM) is the leading government institute in R&D&C of products produced by radiation
processing technology in Malaysia. The application of radiation technique becomes one of the established
tools in bio and synthetic polymers modification in order to enhance properties as well as the functionalities
of the polymers besides chemical and physical techniques. Currently NM is working on synergistic studies
involving oligochitosan/SWA and oligocarageenan/SWA on Chinese kale (pot test scale) and oligochitosan-
liquid fertilizer (M99) on papaya and corn (field test scale). Results showed that combination treatments give
positive impact to germination rate, growth rate and quality of yield. NM also has collaborated with local
companies through R&D&C cooperation towards commercialization of oligochitosan as PGP. NM has taken
a step forward to introduce oligochitosan as food supplement for animal feed. As for now, we are focusing
for fish feed and currently still in progress to produce oligochitosan with 5000 Da molecular weight to meet
the requirement for this purpose. NM has taken initiative to collaborate with Fishery Research Institute in
order to make the fish feed project succeed. Furthermore, NM continuing the study on development of
hydrogels towards the application as drug carrier and 3D cell culture matrix. The hydrogels consisting of
biosynthetic polymers indicate the hybrid system of radiation-induced-crosslink of chitosan-PEG-PVP and

PVP-carrageenan hydrogels are biocompatible and suitable for cell proliferation and growth.

7) Biological Remediation of Physical Degraded Soil with Plantation and Bacterial Mixed Culture
(Dr Chinzorig Radnaabazar, National University of Mongolia, Mongolia)

Problems in Mongolian mining include deficient remediation measures and a lack of consideration for
environmental issues. In 2011, used mining sites were 20401.3 hectare and remediated land was 4630.3
hectare in phase one, 4587.6 hectare in phase two which is biologically remediated. Overall statistics indicate
that only 22.4% of mining are is properly remediated and there is dozens of abandoned mine land.

The objective of this study was to investigate synergy effect of several species of plants (Medicago varia,
Stipa sibirica, Astragalus adsurgens, Allium mongolicum et al.,) and mixed bacterial culture in physically
degraded soil at gold mining area. Depending our result we indicate bacterial composting is effective and

plant vegetation, survivability was higher than bare soil.

8) Radiation-Modified Polymeric Materials for Various Applications (Ms Charito Aranilla,
Philippine Nuclear Research Institute, the Philippines)

The Carrageenan PGP was recently launched in various locations in the Philippines by two

DOST-PNRI licensee companies (MTPSI and HTLTCI) under the brand names Vitalgro and

Aqua Oro. Both licensees have plans for expansion and putting up their own facilities. In the

meantime, they use the PNRI e-beam facility for their initial requirements for product

sampling and inventory for dealers. The DOST-PNRI Licensing Agreements for MTPSI and
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HLTCI were signed in 2018 and each had remitted a non-refundable technology transfer fee
of 1.5M pesos or 28,000 US dollars. Super water absorbents (SWA) based on cassava starch
and acrylic acid (AAc) were synthesized based on FNCA guidelines. Synthesis optimization
using a statistical design software generated optimum parameters in terms of component ratio,
degrees of neutralization (DN) of AAc and irradiation doses and these parameters were verified
experimentally. Based on water retention efficiency in sandy loam-clay-rich soil, SWA with
formulation of 20% AAc (30% DN), 7.5% starch and radiation dose of 20 kGy was the most
efficient. Radiation-crosslinked hydrogels based on carboxymethyl cellulose and k-
carrageenan/polyethylene oxide were prototyped into hemostatic granules and dressing to
control bleeding in traumatic wounds. These hemostatic agents can be used to improve
emergency response and increase survivability in trauma victims in military battlefields,
disasters, household accidents and in medical operations. Both hemostatic agents have no

cytotoxicity and acute systemic toxicity, non-irritant and are weak dermal sensitizer.

9) The Applications of Radiation Processing in Thailand (Dr Phiriyatorn Suwanmala, Thailand
Institute of Nuclear Technology, Thailand)
Over the past 10 years, Thailand has invested in facilities that have enabled it to apply radiation processing
technology for peaceful purposes. Radiation processing has been utilized in various fields including: industry,
environment and agriculture. The facilities include Gamma and Electron beam radiation.
In agriculture, the radiation-induced sterile insect technique (SIT) has been utilized for the control of oriental
fruit fly populations in provincial orchards. A reduction of 80-90% fruit fly population was achieved in the
targeted areas. TINT conducts research to investigate the effects of gamma and electron beam irradiation on
the microbiological quality of herbs, as well as to characterize the functional components, antioxidant
activities and other related functional assay. Gamma radiation and electron beam treatments can reduce or
eliminate microbial contamination. The use of irradiation for food quality and safety has been applied to help
Thailand export six types of fruit to the United States of America (USA). Gamma radiation has also been
used successfully to induce useful mutation in crops and ornamental plants. Radiation-induced degradation
was used to reduce the molecular weight of prepared chitosan, yielding oligochitosan. The treatment of chili
plants by oligichitosan clearly displayed positive effects on chili’s growth and productivity.
For the environment, radiation-induced grafting was used to prepare dye adsorbent and metal adsorbent for
environmental application.
In industry, cosmetic products are being developed through exploitation of the ability of irradiation treatment
to increase the yield of active components during the extraction process. Furthermore, polymeric materials,
especially natural polymers such as starches, cellulose, chitin and chitosan, are natural polymers with high
potential for various applications due to their unique properties, especially biodegradability and
biocompatibility. The super water absorbents (SWA), derived from cassava starch and sugarcane bagasse by
radiation processing, is used in agriculture. SWA acts as a local reservoir, releasing water vapor into soil and

plants as needed and also maintains moisture balance. It is applied to relieve water deficiency in the arid
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areas of Thailand. Electron beam irradiation is used to enhance the color of gemstones for improving their

appearance and value addition.

10) Synthesis of Radiation Crosslinked Gelatin/Carboxymethyl Chitosan Hydrogel Scaffold for

Tissue Culture (Dr Duy Ngoc Nguyen, Vietnam Atomic Energy Institute, Vietnam)
The hydrogel scaffolds from biocompatible natural polymers have been investigated and developed for
application in tissue engineering. In order to create a suitable hydrogel scaffold, the selection of polymer
compounds and hydrogel production methods has always attracted many studies. Hydrogels from
gelatin/CM-chitosan mixtures with the different weight ratios of 10/0, 9/1, 8/2, and 7/3 were prepared by y-
ray irradiation-crosslinking. After irradiating, the hydrogels were determined the gel fraction and equilibrium
water swelling by the weighing; and scanning electron microscope (SEM) images of scaffolds were taken
after freeze-drying to determine the porous structures. The results showed that the dose of 30 — 35 kGy is
necessary to prepare the hydrogels with gel fraction of 72 - 84%; equilibrium water swelling of 4.9 — 12 g/g
after 10 hours immersing; the porous size of 100 — 350 um. Amongst all the studied samples, the hydrogel
gelation/CM-chitosan with the ratio of 9/1 (13.5 g/1.5 g/100 ml water) attained the highest gel content (~
84%), the water absorption degree (5.8 g/g) and porous size of 120 — 250 um, met the requirements for use
as a mesenchymal stem cell culture scaffold.

Session 6 & 7: Discussion/Presentation on Achievements, Obstacles and Planning
Participants divided into seven groups discussed achievements, gaps in basic and application aspects, and
implementation plans for the following expected needs in the participating countries:

A) Degraded Chitosan for Animal Feeds

B) Hydrogel for Medical Application

C) Environmental Remediation

D) Synergistic Effect of Plant Growth Promoters (PGP), Super Water Absorbents (SWA) and

Biofertilizer (BF)
E) PGP and SWA, Inclusive of Process Development
F) Mutation Breeding of BF Microbe Using Gamma Irradiation

G) Sterilization of BF Carrier Using Gamma Irradiation
Conclusions were as follows:

A) Degraded Chitosan for Animal Feeds

Achievements

Oligochitosan prepared by radiation-induced degradation of chitosan has been applied to animal feeds in

Indonesia, and Vietnam. Thailand & Malaysia decided to work on preparation of oligochitosan for animal

feed.

e  Preparation method of oligochitosan was established for animal feed additives and field test was finished.
(Vietnam; fish and shrimp & Indonesia; fish and hen)

e Oligochitosan was licensed as immunostimulant for fish and shrimp. Combination of selenium
nanoparticles and oligochitosan was investigate to increase immune system of shrimp (Vietnam)
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e  Experiment is conducted to find the optimum condition for the application (Indonesia)
Gap in basic aspect

i)  Many uncertainties in mechanism in growth performance and immunostimulant on animals

Gap in application aspect

ii) Little public acceptance
iii) Difficulty of registration as animal feed
iv) No comparison between oligochitosan and available commercial products

Implementation plan

i)  Effect of oligochitosan as feed additive should be investigated.
i)  Seminar/media/exhibitions is conducted in order to increase the public acceptances.
iii) Reconsideration of registration in other categories

iv) Competitiveness with the commercial product in term of enhancing the productivity will be conducted.

B) Hydrogel for Medical Application

Achievements

e  Cell scaffold hydrogel for three-dimensional culture (Malaysia and Vietnam)

e  Transdermal patch for treatment of neuropathy using hydrogel loaded with API (Tromadol HCI) (Japan).

e  Shelf life study was done for external wound dressing of gamma-radiation crosslinked polyvinylalcohol
and Kappa Carrageenan blend hydrogel and incorporation of antimicrobial activities using Chitosan
with polyvinylalcohol. (Bangladesh)

e  Application of hydrogel as hemostatic (Philippines)

Gaps in basic aspects

i)  No research on diffusion behavior of the drug molecules in transdermal patch hydrogel

Gaps in application aspects

ii) No understanding of advantage of hydrogel in medical applications.
iii) Little public acceptance of products.

Implementation plans

i)  Collaborative research with pharmaceutical companies.
ii) Awareness of advantages in radiation technology for hydrogel preparation to end-users

iii) Seminar/media/exhibitions is conducted in order to increase the public acceptances.

C) Environmental Remediation

Achievements

e  Phytoremediation of with mining site using biofertilizer (Mongolia)

e  Fibrous adsorbents for Cr, Cd, and U has mechanical strength and long life (China).

e Dye decoloration by EB as water treatment in lab scale (Vietnam)

e In Indonesia, increased amount of yields (20-30%) were harvested from biologically remediated
agricultural field of paddy rice.
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e One industrial plant for textile waste water treatment using EB irradiation is now running and the
economic analysis is acceptable and competitive (China)

Gaps in basic aspects

i)  Low reproducibility in experimental data.

Gaps in application aspects

ii) Low cost-effectiveness of adsorbents
iii) Competition with traditional methods.
iv) Distribution of textile factory is not centralized, so it is too difficult for collect wastewater dyeing.

Implementation plans

i)  Removal of experimental variations and keep consistency in repeated experiments.

ii) Development of inexpensive process to reduce the cost of irradiation, grafting, and treatment of waste
monomer (China).

iii) Clarification of advantages in radiation method (Mongolia).

iv) Combination electron beam and biological method to treatment wastewater textile dyeing in bench scale
(Vietnam)

D) Synergistic Effect of Plant Growth Promoters (PGP), Super Water Absorbents (SWA) and
Biofertilizer (BF)

Achievements

e In the case of Japan, synergy was observed in the disease occurrence of soybean root disease and
promote the growth of soybean. However, almost of all members agreed that combined effect rather
than synergistic effect in the yield of crops was more evident in the studies conducted in rice
(Bangladesh), white pepper (Indonesia), corn (Philippines), sweet pepper and tomato (Mongolia) and
maize (Malaysia).

Gaps in basic aspects

i)  Arare clear-synergistic effect of PGP and BF has been reported

Gaps in application aspects

ii) Little acceptability of the technology by farmers/end users

Implementation plan

i) Investigation by combining different functions such as disease reduction and plant growth promotion in
PGP and BF.
ii) Educating farmers on the application and benefits of the technology.

E) PGP and SWA, Inclusive of Process Development
Achievements of PGP

e Bangladesh, Vietnam:
1. Field Researches (Strawberry, Capsicum, Tomato).

2. Extended collaboration with the commercializing wing BINA. And also BARI
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3. Extended collaboration with Agricultural University.

e Indonesian — Pilot production, Field Researches (Pepper, Chrysanthemums)

e  Malaysia — Established the production and towards commercialization, start working in development of
new PGP (oligo-carrageenan)

e  Philippines — Commercial production; Two commercial products out in the market

e  Thailand — Semi - commercial production

e  Mongolia — Research work

Achievements of SWA

<Field Researches>

e  Philippines — none

e  Thailand — Rubber Tree, Baby corn

e Kazakhstan — Chickpea, Scots Pine, Wheat
<Production Status >

e  Philippines — Small volume

e Thailand — Ready for industrial production

e  Kazakhstan — Ready for industrial production
GAP in Basic aspect

<PGP>

i)  Uncertainness in basic mechanism of plant growth promoter and elicitor

ii) No identification of the structure of carrageenan (PGP) — initial experiment was conducted using LC/MS
technique. Results show fragments similar to the disaccharide unit of k-carrageenan but changes in the
structure of the disaccharide cannot be elucidated. Further analysis will be done.

<SWA>

iii) Uncertain condition to increase the biodegradability

GAP in application aspect

<PGP>

iv) No registration of the product in some countries.

v) Field trial applications are not yet done in some countries.

<SWA>

vi) High production cost due to high drying cost

vii) Reluctance by possible end-users to change conventional practices and accept technology

Implementation plan

i) Identification of the mechanism of action of PGP on plants

ii) Identification of active component in carrageenan PGP

iii) Optimization of the biodegradability of SWA by selecting a new biodegradable starting materials
iv) Reconsideration of registration in other categories

v) Field trial of PGP is encouraged by collaborative work with end-users

vi) Process development and introduction of appropriate machine for inexpensive drying of SWA
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vii) More efforts on the promotion of the technology to end-users to increase its acceptance

F) Mutation Breeding of BF Microbe Using Gamma Irradiation

Achievements

e  Most of the participating countries were searching multifunctional microbes (microbes with multiple
beneficial traits) and each country has been working on different microbes with different functions as

below
Country Types of microbes Function

China Trichoderma sp. Plant growth promotion and disease suppression

Indonesia Staphylococcus pasteori ~ Phosphate and potassium solubilizing for biofertilizer
Aspergillus costaricaessis
(both non pathogens)

Malaysia Actinobacter sp Nitrogen fixation, phosphate and potassium solubilisation

for biofertilizer

Thailand Azospirillum sp., Nitrogen fixation and IAA (Indole-3-acetic acid: cell
Azotobcter sp., division and elongation effect) production for biofertilizer
Beijerinckia sp.,
Burkholderia sp. and
Gluconacetobacter sp.

Vietnam Bacillus subtilis High production of protease for animal feeds and

biofertilizers

Gaps in basic aspects

i) Inefficient screening and selection methods of desirable mutants after gamma irradiation

Gaps in application aspects

ii) Different requirement for each country (bacteria sp., function, policy, acts etc.)

Implementation plan

i)  Development of efficient screening and selection methods by advanced robotic technique

ii) Technology transfer of multifunctional BF to meet the requirement of each country

G) Sterilization of BF Carrier Using Gamma Irradiation

Achievements

e Gamma irradiation carrier that can be stored longer has been used commercially in Philippines since
microbial inoculants survival longer in carriers sterilized by gamma irradiation.

e Malaysia commercialized three liquid BF as “Bioliquifert”, “GoGrow BioNPK Biofertilizer” and
“Biofertilizer M99™). Liquid BF was commercialized in Mongolia.

Gaps in basic aspects

i)  Gamma irradiation is not high priority for carrier sterilization.
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Gaps in application aspects

ii) Lack of awareness of radiation technology in general and gamma facility in particular
Implementation plan for Next Phase

i)  Costestimation of carrier sterilization using irradiation to prove that the radiation is better than autoclave.
ii) Dissemination of radiation technology to end users.
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Nuclear Safety Research Association (NSRA)

Kazakhstan

Dr Pavel Krivtsov

Deputy Chairman,
PNT Management Board
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Country Name Position and Organization
Malaysia Ms Maznah Binti Mahmud | Research Officer,
Malaysian Nuclear Agency
Mongolia Dr Chinzorig Radnaabazar | Associate Professor,
(PL) National University of Mongolia
Mongolia Ms Sunjidmaa Otgonbayar | Head of Soil Microbiology Laboratory,
Institute of Plant and Agricultural Sciences
The Ms Charito Tranquilan Senior Science Research Institute,
Philippines | Aranilla Department of Science and Technology,
(PL) Philippine Nuclear Research Institute (PNRI)
The Ms Julieta A. Anarna University Researcher 11,
Philippines National Institute of Molecular Biology and
Biotechnology
Thailand Dr Phiriyatorn Suwanmala | Director of Nuclear Research and Development
(PL) Division,
Thailand Institute of Nuclear Technology (Public
organization) (TINT)
Thailand Dr Kunlayakorn Agricultural Research Officer, Professional Level,
Prongjunthuek Department of Agriculture
Vietnam Dr Nguyen Ngoc Duy Head of Research and Development Department,
(PL) Research and Development Center for Radiation
Technology,
Vietnam Atomic Energy Institute (VINATOM)
Vietnam Dr Tran Minh Quynh Principal Researcher,

Hanoi Irradiation Center,
Vietnam Atomic Energy Institute (VINATOM)
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Program of
FNCA 2019 Workshop on Radiation Processing and Polymer Modification for
Agricultural, Environmental and Medical Applications Project

September 3@ — 7" 2019
Yogyakarta, Indonesia

Day 1, 3 September |Workshop at Royal Ambarrukmo Y ogyakarta

0845-0900 Registration

0900-0910 Session 1: Opening
Chair: Dr Tita Puspitasari
1)  Welcoming Remarks | BATAN Chairman/BATAN Deputy Chairman (3 min)
2) Opening Remarks | Mr Wada Tomoaki (3 min)
3) Introduction of Participants (3 min)
4)  Photo Session (1 min)

0910-0950 Session 2: Overview and Achievements of FNCA Projects
(Presentation 15 min + Q&A 5 min)
Chair: Mr Md Saifur Rahaman
1) FNCA Achievements 2018-2019 | Mr Wada Tomodaki

2) Project Overview | Secretariat on behalf of Dr Tamada Masao, Japan
0950-1020 Morning Tea (30 min)

1020-1205 Session 3: Progress Report on Biofertilizer
(Presentation 25 min + Q&A 10 min)
Chair: Ms Maznah Mahmud
1) Dr Md Kamruzzaman Pramanik (Bangladesh)
2) Mr Nana Mulyana (Indonesia)
3) Dr Okazaki Shin (Japan)

1205-1310 Lunch (65 min)

1310-1455 Chair: Dr Kunlayakorn Prongjunthuek
4) Dr Md Kamruzzaman Pramanik (Bangladesh)
5) Ms Sunjidmaa Otgonbayar (Mongolia)
6) Ms Julieta A. Anarna (Philippines)

1455-1515 Afternoon Tea (20 min)
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1515-1625 Chair: Ms Julieta A. Anarna
7)  Dr Kunlayakorn Prongjunthuek (Thailand)
8) Dr Tran Minh Quynh (Vietnam)
1625-1735 Session 4: Progress Report on Polymer Modification
(Presentation 25 min + Q&A 10 min)
Chair: Ms Maznah Binti Mahmud
1)  Mr Md Saifur Rahaman (Bangladesh)
2) Dr Ma Hongjuan (China)
1830-2000 Welcome dinner hosted by BATAN

Day 2, 4 Sep [Workshop at Royal Ambarrukmo Yogyakarta
0845-1030 Session 4: Progress Report on Polymer Modification
Chair: Dr Chinzorig Radnaabazar
3)  Dr Darmawan Darwis (Indonesia)
4)  Prof Hanawa Takehisa (Japan)
5)  DrPavel Krivtsov (Kazakhstan)

1030-1050 Morning Tea (20 min)

1050-1200 Chair: Dr Duy Ngoc Nguyen
6) Ms Maznah Binti Mahmud (Malaysia)
7)  Dr Chinzorig Radnaabazar (Mongolia)

1200-1310 Lunch (70 min)

1310-1455 Chair: Dr Pavel Krivtsov
8)  Ms Charito Aranilla (Philippines)
9)  Dr Phiriyatorn Suwanmala (Thailand)
10) Dr Duy Ngoc Nguyen (Vietnam)

1455-1515 Afternoon Tea (20 min)

1515-1630 Session 5: Discussion on Achievements, Obstacles and Planning
1)  Grouping and Discussion
a) Degraded Chitosan for Animal Feeds | Dr Darmawan/Dr Tita, Ms Maznah, Dr
Suwanmala, Dr Duy
b)  Hydrogel for Medical Application | Mr Saifur, Dr Hanawa

¢)  Environmental Remediation | Dr Ma, Dr Chinzo
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d)  Synergistic Effect of Plant Growth Promoters (PGP), Super Water Absorbents
(SWA) and Biofertilizer (BF) | Dr Pramanik, Dr Darmawan/Dr Tita/Mr. Nana
Mulyana, Ms Charito, Dr Okazaki

e) PGP and SWA, Inclusive of Process Development | Dr Krivtsov, Ms Sunje

f)  Mutation Breeding of BF Microbe Using Gamma Irradiation | Dr Phua, Dr
Kanno, Mr. Nana Mulyana, Ms. Ania Citra Resmini, (observer)

g) Sterilization of BF Carrier Using Gamma Irradiation | Ms Juliet, Dr Quynh,
Mr. Nana Mulyana

1630-1745 Session 5: Discussion on Achievements, Obstacles and Planning (Cont.)

2) Preparation for Presentation

Day 3, 5 Sep [Technical Visit
0815-0830 Gathering at hotel lobby for departure to technical visit
0830-1630 1)  Technical Visit to Demonstration farms of Chitosan PGP in Kulon Progo
District, Yogyakarta
2)  Cultural visit to Batik handmade Workshop

Day 4, 6 Sep | I-Concern (International Conference on Nuclear Capacity Building, Education, Research and

Applications, NEXPO Symposium) at Royal Ambarrukmo hotel, Yogyakarta

0730-0815 Registration

0815-0900 Coffee Break

0900-1000 Opening Ceremony of NEXPO and Group Photo

1000-1115 Plenary Session (Keynote Speaches)

1115-1300 Lunch Break and EXPO

1300-1400 Poster Session and EXPO

1400-1415 Presentation by FNCA invited speaker in parallel session 1 & 2

Prof Hanawa Takehisa & Dr Phiriyatorn Suwanmala
1415-1715 Oral presentation by FNCA participants and others NEPO participants in parallel
session1,2,3 &4
*Allocated time for presentation is 10 min and for discussion is 5 min.
18.30-2000 Welcome dinner hosted by NEXPO

Day 5, 7 Sep |Workshop at Royal Ambarrukmo Yogyakarta
0900-1010 Session 6: Presentation on Achievements, Obstacles and Planning
1)  Presentation (10 min x 7 groups)
Chair: Dr Okazaki Shin
a) Degraded Chitosan for Animal Feeds
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1010-1030

1030-1130

1130-1140

1140-1240

1300

b)  Hydrogel for Medical Application

c)  Environmental Remediation

d)  Synergistic Effect of Plant Growth Promoters (PGP), Super Water Absorbents

(SWA) and Biofertilizer (BF)

e) PGP and SWA, Inclusive of Process Development

f)  Mutation Breeding of BF Microbe Using Gamma Irradiation

g) Sterilization of BF Carrier Using Gamma Irradiation
Morning Tea (20 min)

Session 7: Summary

Facilitator: Ms Charito Aranilla

1)  Correction

2)  Adoption

Session 8: Closing

Chair: Dr Md Kamruzzaman Pramanik

1)  Closing Remarks | Mr. Totti Tjiptosumirat (5 min)
2)  Closing Remarks | Dr Okazaki Shin, Japan (5 min)

Lunch (60 min)

Get Ready for Departure
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Minutes of
FNCA 2019 Workshop on Climate Change Science Project

October 7" — 10", 2019
Kyoto and Tsuruga, Japan

[Workshop]
The 3rd meeting ran from 7th to the 10th of October 2019 and started in Kyoto.

The Kyoto part of the meeting was opened by Mr. WADA (FNCA Coordinator for Japan) and Dr. NAGAI
(Project Leader of Japan).

The meeting started by giving all countries the opportunity to present the status of the research and progress
against their national project plans. China was unavailable for this meeting, due to visa requirements.
Kazakhstan and Mongolia gave general overviews of their countries and a more detailed project plan

developed during the week.

After the country presentations there were discussions about progress in general, dependencies on equipment,
analysis and facilities in other countries. An inventory was made by each country about the type and level of
support needed to progress further. An agreement was reached about plans, level of support and sharing of
information. We also discussed the possibility of a new FNCA Environmental Change / food provenance &
security project and countries were asked to give a brief overview of their current activities and or interest in
the topics. This will be further developed during the year and indicated to the FNCA coordinators meeting in
early 2020.

On Wednesday the group travelled to Tsuruga for the next section of the meeting. In Tsuruga on Thursday
10th October, a public seminar series was organised at the Wakasa Wan Energy Centre. Representatives from
Japan, Indonesia, Philippines and Australia gave an overview of the application of nuclear techniques to
Climate Change studies.

After the lunch break the group moved to the Fukui prefectural Varve Museum, near famous Suigetsu Lake.
The group received a special welcome and tour of the new museum from lead researcher Professor
NAKAGAWA Takeshi.

[Discussion]

A couple of discussion were held during the Kyoto meeting with regard to the initiation of climate projects
in Kazakhstan and Mongolia. After a lengthy discussion and negotiation between countries, it was decided
that both countries will set up a small pilot study on soil organic carbon. Both countries will receive the

protocols for fieldwork and sampling (see plans below for sharing instructions) from Japan, as well as
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technical assistance and analysis of samples for stable isotopes and radiocarbon. Both national projects are
pilot studies and do not involve a large number of samples to be analysed (initially). It was agreed to identify
field sites as soon as possible and provide the samples to Japan, in time for reporting at the next FNCA project
meeting.

There was a good discussion about information sharing between countries. The following topics will be
shared with the group in the form of PDF protocols, instructions and or lists:

e  Sampling guidelines — for soil sampling as well as sampling archives of climate change (Japan and
Australia to deliver before end of 2019).

e  Sample preparation and analysis — (Japan: Radiocarbon, stable isotopes and carbon analysis, Australia:
Microfossil slide preparation, XRF sample preparation) (Japan and Australia to deliver before end of
2019).

e  Open access — List of open access software, satellite imaging and imaging analysis software, etc. All
countries to contribute by end of 2019 (to be shared early 2020).

e Data interpretation — A part of the final meeting in the Philippines (October 2020) will be dedicated to
data interpretation. Suitable lead scientists will be ask to demonstrate step by step the scientific method
used to move from data collection to data interpretation and final conclusions (to be announced early
2020).

[Plans]
Plans are underway to formulate a draft plan for a new project to be submitted to FNCA for consideration
beyond 2020. A new project would include Environmental Change, Impacts and Food Security.
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List of Participants
FNCA 2019 Workshop on Climate Change Science Project

October 7" — 10", 2019
Kyoto and Tsuruga, Japan

Country Name Position and Organization

Australia Prof. Henk HEIJNIS Leader Environment, ANSTO Environment
Australian Nuclear Science and Technology Organisation
(ANSTO)

Bangladesh | Dr. Mohammad Amirul Principal Scientific Officer, Reactor and Neutron Physics
ISLAM Division, INST, AERE, Savar

Bangladesh Atomic Energy Commission (BAEC)

Indonesia Dr. Ali Arman LUBIS Center for Isotopes and Radiation Application (CIRA)
National Nuclear Energy Agency (BATAN)

Japan Mr. Wada Tomoaki FNCA Coordinator of Japan

(Coordinator)

Japan Dr. NAMBA Hideki FNCA Advisor of Japan
(Advisor)
Japan Dr. NAGAI Haruyasu Division Head, Environmental and Radiation Sciences
Division
Nuclear Science and Engineering Center
Japan Atomic Energy Agency (JAEA)"
Japan Dr. MATSUZAKI Head, Professor

Hiroyuki

Micro Analysis Laboratory, Tandem accelerator (MALT)
The University Museum

The University of Tokyo
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Country

Name

Position and Organization

Japan Dr. LIANG Naishen Header of Global Carbon Cycle Research Section
Center for Global Environmental Research (CGER)
National Institute for Environmental Studies (NIES)
Japan Dr. IDE Taro Ministry of Education, Culture, Sports, Science and
Technology (MEXT)
Japan Mr. TANNO Yusuke Ministry of Education, Culture, Sports, Science and
Technology (MEXT)
Japan Ms. TANAKA Fumiyo Ministry of Education, Culture, Sports, Science and
Technology (MEXT)
Kazakhstan Ms. Oxana LYAKHOVA Head of Department for Development of Environmental
Monitoring System
National Nuclear Center (NNC) of Kazakhstan
Malaysia Prof. Fatimah Binti Md Department of Agriculture, Faculty of Agriculture
YUSOFF University Putra Malaysia
Mongolia Ms. Sarantuya GANJUUR | Director of Information and Research Institute of
Meteorology, Hydrology and Environment
Ministry of Environment and Tourism
Philippines Dr. Angel T. BAUTISTA Science Research Specialist
Vil Nuclear Analytical Techniques Application Section
Philippine Nuclear Research Institute (PNRI)
Thailand Dr. Sasiphan Nuclear Scientist
KHAWEERAT Nuclear Research and Development Division

Thailand Institute of Nuclear Technology, Thailand
(TINT)
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Country Name Position and Organization

Vietnam Mr. BUI Dac Dung Vietnam Atomic Energy Institute (VINATOM)
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Program of
FNCA 2019 Workshop on Climate Change Science Project

October 7" — 10", 2019
Kyoto and Tsuruga, Japan

Day 1 (Monday, 7 October)
Venue: Kyoto Shigakuk Kaikan

10:00

10:30-11:00

11:00-11:30

11:30-12:30

12:30-13:30
13:30-15:00

15:00-15:30
15:30-17:00

Opening of the workshop

1.  FNCA office — FNCA coordinator of Japan

2. Dr. NAGAI Haruyasu, Japan Atomic Energy Agency

3. Representative from ANSTO (Prof. Hendrik Heijnis)

4.  Group photos

Morning tea break

FNCA climate project chair — meeting expectations (Australia)

1. Introduction of participants

2. Meeting arrangements & FNCA Administration

Country presentations on progress against project plan, including highlighting the
nuclear and isotopic techniques used so far in their studies

Lunch

Country presentations on progress against project plan, including highlighting the
nuclear and isotopic techniques used so far in their studies (Cont’d)

Afternoon tea break

Country presentations on progress against project plan, including highlighting the

nuclear and isotopic techniques used so far in their studies (Cont’d)

Day 2 (Tuesday, 8 October)
Venue: Kyoto Shigakuk Kaikan

9:30-10:00

10:00-10:30
10:30-11:00

11:00-11:30

Country presentations on progress against project plan, including highlighting the
nuclear and isotopic techniques used so far in their studies (Cont’d)

Morning tea break

Country presentations on progress against project plan, including highlighting the
nuclear and isotopic techniques used so far in their studies (Cont’d)

“Analysis of nuclide records in natural archives by Accelerator Mass Spectrometry

- Geochemistry of Anthropocene —” by Prof. Matsuzaki, Univ. of Tokyo
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11:30-12:00

12:00-13:00
13:00-14:00

14:00-14:30

Discussion of country reports and possible road-blocks to progress, international
collaborations and future directions for the remainder of the project: short term,
including work plans; longer term such as establishing a cooperative framework for
the project beyond 2020

Lunch

Discussion of country reports and possible road-blocks to progress, international
collaborations and future directions for the remainder of the project: short term,
including work plans; longer term such as establishing a cooperative framework for
the project beyond 2020 (Cont’d)

Afternoon tea break

Day 3 (Wednesday, 9 October)
Venue: Kyoto Shigakuk Kaikan

9:00-10:00

10:00-10:30
10:30-11:30

11:30-

Editing of meeting report, agreement on timeframes and delivery of third year
outcomes, including decision on the venue of the third project meeting

Morning tea break

Editing of meeting report, agreement on timeframes and delivery of third year
outcomes, including decision on the venue of the third project meeting (Cont’d)

Lunch and move to Tsuruga

Day 4 (Thursday, 10 October)
Venue:The Wakasa Wan Energy Research Center (WERC) and Verve Museum
10:00-11:10 Open Seminar on “Climate Change Science”

1. Remarks by the representative of Fukui Prefectural Government and
representative of MEXT

2. Climate change research: examples from the South: Australia
Studies on the carbon storage at mangrove forests: Indonesia

4. Reconstruction of the marine environment change by analysis on corals:
Philippines

5. Studies on the soil carbon storage and its response to the climate change: Japan

12:00-13:00 Lunch
13:00-14:00 Move to Verve Museum
14:00-15:00 Visit to Verve Museum
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Minutes of
FNCA 2019 Workshop on Radiation Oncology Project

October 28" - 31, 2019
Suzhou, China

(1) Following the agreement at the 20 Forum for Nuclear Cooperation in Asia (FNCA) Coordinators
Meeting, the FNCA FY2019 Workshop on Radiation Oncology was held from October 28th to 31st 2019, in
Suzhou, China. The meeting was co-organized by Soochow University, The First Affiliated Hospital of
Soochow University, China Atomic Energy Authority (CAEA) and the Ministry of Education, Culture,
Sports, Science and Technology of Japan (MEXT). Representatives from 10 FNCA member countries,
namely Bangladesh, China, Indonesia, Japan, Korea, Malaysia, Mongolia, Philippines, Thailand and Vietnam
participated in the workshop.

Opening Ceremony

(2) Prof. Jianping CAO, Professor/ Director, School of Radiation Medicine and Protection, Soochow

University moderated the session.

Prof. Weichang CHEN, Vice President of Soochow University welcomed the participants with his remarks.
Mr. WADA Tomoaki, FNCA Coordinator of Japan gave the opening address.

Ms. TANAKA Fumiyo, MEXT gave her remarks and introduced MEXT programs for Asian countries.

Prof. KATO Shingo, the Project Leader of Radiation Oncology Project gave his remarks and introduced the
project.

(3) Introduction of individual participants followed.
(4) The agenda was adopted and chairpersons and rapporteurs were selected. (Annex 1)

(5) Dr. Zhen ZHANG, Director of Department of Radiotherapy, Shanghai Cancer Hospital Affiliated Fudan
University gave a special lecture entitled *“Neoadjuvant Chemoradiation of Locally Advanced Rectal Cancer

- Shanghai Cancer Center Experience”.

(6) Dr. Jiade LU, Shanghai Proton and Heavy lon Center gave another lecture entitled “The Use of Carbon
lon Radiation Technology in the Treatment of Cancer - Experience at the Shanghai Proton and Heavy lon
Center”.

Session 1: Prospective Observational Study of 3D-Image Guided Brachytherapy for Locally Advanced
Cervical Cancer (CERVIX-V)
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(7) Dr. OKONOGI Noriyuki presented the protocol of Cervix-V.

(8) Newly registered clinical data of CERVIX-V was presented by representatives of each participating
country with the following number of patients: Bangladesh (0), China (6, n=3), Indonesia (7, n=1), Japan (5,
n=3), Kazakhstan (4, n=2), Korea (0), Malaysia (6, n=5), Mongolia (2, n=2), Philippines (8, n=4), Thailand
(0) and Vietnam (0). The total number of the patients was (38, n=20).

(9) Discussion on CERVIX-V followed. Follow-up will be patterned to Cervix-1V at six months. Detailed
discussion on follow-up method and timing was made and it was presented by Dr. OKONOGI at a later
session. The change will be incorporated in the protocol and will be communicated to the member countries

at a later date.

Session 2: QA/QOC for 3D-IGBT

(10) Dr. Jie NI, Medial Physicist of the First Affiliated Hospital of Soochow University spoke on Current
Status of 3D-IGBT in China. She briefly introduced three aspects for 3D-IGBT: the overview of

infrastructure, the content of QA/QC, and the relevant development and research in China.

(11) Mr. NAKAJI Taku, Technical Staff, Quality Control Section, QST Hospital, Quantum Medical Science
Directorate, National Institute for Quantum and Radiological Science and Technology (QST) introduced the
methodology of audit for 3D-IGBT. He introduced the developed phantom jigs and the audit program for
3D-IGBT.

(12) Dr. MIZUNO Hideyuki, Principal Researcher, Quality Control Section,
QST hospital of Quantum Medical Science Directorate QST, reported on the results of on-site audit for 3D-
IGBT of the two institutions in Saitama Medical University International Medical Center (Japan) and Korea

Institute of Radiological & Medical Sciences (Korea) this year.

Session 3: Phase Il Study of Neoadjuvant Chemotherapy with Concurrent Chemoradiotherapy
(CCRT) for Nasopharyngeal Carcinoma (NPC-I11)

(13) Dr. MAKISHIMA Hirokazu, Attending Physician, Clinical Research Group of Pelvic Tumor
Department of Charged Particle Therapy Research National Institute of Radiological Sciences (NIRS), QST
introduced the protocol of NPC-III, a Phase Il Study of Neoadjuvant Chemotherapy with CCRT for
Nasopharyngeal Carcinoma (NPC). Recent clinical data was presented by representatives of each

participating country.

An update on the clinical data of NPC-111 was presented by representatives of each participating country with
the following number of patients: Bangladesh (1), China (9 ), Indonesia ( 12 ), Japan ( 0 ), Kazakhstan (0 ),
Korea ( 0 ), Malaysia ( 31 ), Mongolia ( 0 ), Philippines ( 7 ) Thailand ( 0 ) and Vietnam ( 60 ). The total
number of the patients was ( 120 ) and new cases were ( 10 ).

(14) Dr. MAKISHIMA then presented the summary of the follow-up data. The total number of the patients

enrolled to this study were 120. Registration for NPC 11l has been completed. Median age was 46 years.
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Median overall treatment time of radiotherapy was 53 days (range 44 — 232 days). Radiotherapy treatment
interruption of more than 14 days occurred in 22% of patients mainly due to machine breakdown, re-planning

and toxicities.

All patients had 2-3 cycles of neoadjuvant chemotherapy with a compliance rate of 100%, while concurrent
chemotherapy had 74% compliance rate for 4 cycles or more.

(15) In the neoadjuvant phase, grade 3/4 hematological toxicities occurred in leucopenia 3%, neutropenia
10%, anemia 2% of patients and non-hematological toxicities like nausea/vomiting 5%, fatigue 1%. During
the concurrent phase, grade 3/4 hematological toxicities occurred in leucopenia 14%, neutropenia 9%, anemia
4%, thrombocytopenia 2% of patients and non-hematological toxicities like dermatitis 11%, mucositis 20%,
dry mouth 9%, nausea/vomiting 7%, weight loss 14 %, fatigue 11%. Late toxicities of grade 3 occurred in

10% of patients, mainly salivary gland and subcutaneous tissue toxicities.

The efficacy results showed a 3-year survival outcomes: OS was 76% (NPC-1 57%), loco-regional failure
was 25% (NPC-I 14%), distant metastasis free rate (DMF) was 83% (NPC-I 69%) and PFS was 72% (NPC-
1 63%). This is matched with NPC-I results (CCRT and adjuvant chemotherapy) where there were significant
differences on: lower loco-regional control, reduced distant metastases, and better overall survival in NPC-
111 (induction chemotherapy and CCRT).

(16) An open discussion on the clinical data followed.

Session 4: Phase Il Study of Hypofractionated Radiotherapy for Breast Cancer (Postmastectomy
Radiation Therapy (PMRT)/BREAST-I)

(17) Dr. KONO Sawa, Assistant Professor, Department of Radiation Oncology, Tokyo Women’s Medical
University introduced and reviewed the protocol of PMRT/BREAST-I.

(18) The clinical data of Phase Il Study of Postmastectomy Radiation Therapy (PMRT) was presented by
representatives of each participating country. The following number of patients were reported: Bangladesh
(84), China (/13 ), Indonesia ( 0 ), Japan ( 14 ), Kazakhstan ( 20 ), Korea ( 0 ), Malaysia ( 0 ), Mongolia
(26), Philippines ( 18 ), Thailand ( 0) and Vietnam (46 ). From 2013 to 2019, 221 patients were registered
and completed the protocol treatment. Enroliment is now completed.

(19) Prof. KARASAWA Kumiko, Dean of School of Medicine, Professor and Chair, Department of
Radiation Oncology, School of Medicine, Tokyo Women's Medical University presented the summary of the
PMRT clinical data of breast cancer cases. Overall ( 221 ) patients in HF-PMRT arm were enrolled in 78

months. Evaluable number of patients was ( 221 ).
(20) An open discussion on the clinical data followed.

(21) Patients enrolled from Vietnam have higher grade skin toxicities than other institutions. It was suggested

to recheck the patients’ photo from follow-up examinations.
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Session 5: Phase Il Study of Hypofractionated Radiotherapy for Breast Cancer (Whole Breast
Irradiation / BREAST-I)

(22) Dr. KONO Sawa introduced and reviewed the protocol of Whole Breast Irradiation (WBI) / BREAST-
I

(23) The clinical data of Phase 11 Study of WBI was presented by representatives of each participating country.
The following numbers were reported: Bangladesh ( 31 ), China ( 6 ), Indonesia ( 16 ), Japan ( 136 ),
Kazakhstan ( 14 ), Korea ( 10 ), Malaysia ( 0 ), Mongolia ( 3 ), Philippines ( 0 ), Thailand ( 14 ) and Vietnam
(0). Total number of WBI patients was 229.

(24) Prof. KARASAWA Kumiko presented the summary of the WBI clinical data of breast cancer cases (229
patients / 230 breast lesions). The clinical stages are as follows: 0 (37), 1A (121), 1B (3), 2A (49), 2B (20).
The acute adverse effects of skin GO (8%), G1 (80%), G2 (10%), G3 (2%); subcutaneous tissue GO (90%),
G1 (10%). The late adverse effects of skin GO (80%), G1 (20%); subcutaneous tissue GO (90%), G1 (10%);
breast GO (92%), G1 (8%); lung GO (98%), G1 (2%). In summary, there was no higher than grade 2 toxicity
in this study. The cosmetic outcome were excellent (107), good (1) and poor (3) in patients with more than
3 years follow-up. With the median follow-up of 35 months, there were 1 loco-regional recurrence, 3 distant

metastases, 2 breast cancer deaths and 2 intercurrent deaths.

(25) An open discussion on the clinical data followed. The grade 3 skin toxicity in one institute was

acknowledged and treatment process and toxicity grading will be reviewed.

(26) Enrollment completed in 2018. Some data correction will be needed before manuscript submission. This
report will include early results within 3-year follow-up. Long term follow-up is still needed to confirm the

final results. We are expected to follow-up the patients every six months for 5 years and yearly thereafter.

Session 6: Review of Project Activities and Future Plan

(27) Prof. KATO Shingo presented the review of the project activities for the last 3 years. The summaries

are described in the Annex X. In brief,

1) Phase Il study “Cervix-1VV”

The treatment outcomes of concurrent cisplatin chemotherapy and prophylactic extended-field
radiotherapy for locally advanced cervical cancer was reported. Between 2007 and 2016, 106 patients
were enrolled in the study. The results were assessed in 2018. The incidence of acute grade 3
hematological toxicity was 21%, and that of late grade 3 gastrointestinal toxicity was 3%. The 2-year
local control, progression-free survival, and overall survival rates for all patients were 96%, 78%, and
90%, respectively. The results indicated that concurrent chemotherapy and prophylactic extended-field
radiotherapy is feasible and effective for patients with locally advanced cervical cancer in East and

Southeast Asia. The results of the study was published in the International medical journal in 2019.

2) 3D image-guided brachytherapy (3D-IGBT) for cervical cancer

134



A preliminary survey was carried out on 3D image-guided brachytherapy (3D-IGBT) for cervical
cancer from 2014 to 2016. A prospective observational study on 3D-IGBT for locally advanced cervical
cancer has been initiated in 2018. The feasibility, safety, and efficacy of the treatment are evaluated.
Hands-on training session was held in Dhaka during the FNCA WS in 2018 because training of medical
personnel is very important to implement 3D-IGBT in FNCA member countries. Many local doctors,
medical physicists and FNCA delegates participated in the training session. Training session at the WS

will be continued as one of the main activities of the project.

3) Nasopharyngeal Carcinoma

A phase Il clinical study “NPC-I1I” was conducted to evaluate the safety and efficacy of the
combination of neoadjuvant chemotherapy followed by concurrent chemoradiotherapy for locally
advanced nasopharyngeal carcinoma. Between 2010 and 2019, a total of 120 patients were enrolled in
the study. Tentative results showed a comparable overall survival rate compared to NPC-I trial which

utilized adjuvant chemotherapy. Toxicity of the protocol treatment was considered tolerable.

4) Breast Cancer

4-1) A phase Il clinical study was conducted to evaluate the safety and efficacy of postoperative
hypofractionated radiotherapy for early-stage breast cancer after breast conserving surgery (BCT).
From 2013 to 2018, 229 patients completed protocol treatment. The tentative results showed favorable
treatment outcomes with acceptable acute and late toxicities. Follow-up of the patients for at least 5

years is necessary to evaluate the treatment outcomes.

4-2) A phase Il clinical study was conducted to evaluate the safety and efficacy of postoperative
hypofractionated radiotherapy for locally advanced breast cancer after total mastectomy (PMRT). From
2013 to 2019, 221 patients completed protocol treatment. The tentative results showed favorable

treatment outcomes with acceptable acute and late toxicities.

5) Physical QA/QC of Radiotherapy

A survey on quality assurance (QA) and quality control (QC) of external beam radiotherapy was
carried out using glass dosimeters among the facilities of the FNCA MSs with the dose audit of 16
facilities (46 beams) in 11 countries. The results of the survey were published in the international

medical journal in 2017.

Regarding QA/QC of 3D-IGBT, a new sophisticated phantom for the audit of 3D-IGBT has been
designed and manufactured. Then, on-site audits have been conducted at the participating institutes
from 2019.

(28) Prof. KATO also proposed the future activities in the next 3 years as follows.

He proposed to continue all projects going on in the present for over 3 years (2020-2023) because long
follow-up for the patients treated under current protocols is very important to determine the long term efficacy
of the treatment protocols.
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He also proposed new program on palliative radiotherapy for bone metastases in the FNCA member countries
and participants discussed on the implementation of the project. Dr. Kullathorn THEPHAMONGKHOL
proposed a project on brain metastases. It was agreed that a preliminary survey will be conducted on bone
and brain metastases. Questionnaires will be sent to the FNCA member countries. Prof. WAKATSUKI

Masaru proposed a collaboration with IAEA RCA project on palliative radiotherapy.
(29) The next workshop is tentatively scheduled to be held in Mongolia on September 22-25, 2020.

Session 7: Drafting the Workshop Minutes

Participants reviewed workshop discussion.

(30) The draft of the minutes was submitted by rapporteurs, discussed and amended. The draft of the minutes

will be circulated after the workshop and finalized.

(31) Prof. KATO Shingo summarized and commented on the sessions on the 1st and 2nd days. He also
expressed expectation towards the next 2 days.

Session 8: Technical Visit 1

(32) Workshop participants conducted a Technical Visit to the First Affiliated Hospital of Soochow

University.

Session 9: Open Lecture

(33) The Open Lecture was held at the First Affiliated Hospital of Soochow University.

(34) Dr. Xiaoting XU moderated the session and Prof. Gang CHEN, Vice Director of The First Affiliated

Hospital of Soochow University welcomed the audience with his opening remarks.

(35) Mr. WADA Tomoaki gave a lecture about the FNCA. He introduced its overview and spoke about the
on-going 7 projects’ activities and achievements.

(36) Dr. Wonil JANG, Chief, Department of Radiation Oncology, Korea Institute of Radiological & Medical
Sciences (KIRAMS) gave a lecture on the Stereotactic Body Radiation Therapy (SBRT) for Lung Cancer.

(37) Dr. Juying ZHOU, Director of the Department of Radiation Oncology of the First Affiliated Hospital
of Soochow University delivered a lecture on Overview of Present Status of Cancer Epidemiology and
Radiotherapy in China.

(38) Prof. OHNO Tatsuya, Professor and Chairperson, Department of Radiation Oncology, Gunma

University Graduate School of Medicine spoke on Particle Beam Therapy.

(39) Lastly, “Special Lecture on 3D-IGBT for Cervical Cancer” was moderated by Prof. Rey H. DE LOS
REYES and was delivered by Prof. Masaru WAKATSUKI and Dr. Noriyuki OKONOGI. They introduced
the overview of 3D-IGBT, presented case studies and instructed the treatment method.
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(40) Prof. KATO Shingo made comments on the Open Lecture.

Session 10: Technical Visit 2

(41) The participants moved to Shanghai and conducted a Technical Visit to Shanghai Proton & Heavy lon

Center.

Session 11: Technical Visit 3

(42) The participants visited Shanghai Cancer Hospital affiliated Fudan University as well.
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List of Participants
FNCA 2019 Workshop on Radiation Oncology Project

October 28™ —31%t 2019
Suzhou, China

Country Name Affiliation
Bangladesh | Dr A.F.M. Kamal Uddin MBBS, DTCD, MD
(PL) Assistant Professor

Radiation Oncology
National Institute of ENT

Bangladesh | Dr Parvin Akhter Banu Chief Consultant
Delta Medical College & Hospital Limited

Bangladesh | Dr Sharif Ahmed Junior Consultant
Department of Radiation Oncology
United Hospital Limited

China Prof Cao Jianping Professor / Director
(PL) School of Radiation Medicine and Protection,
Soochow University

China Dr Xu Xiaoting Vice-Director of the Department of Radiation Oncology
The First Affiliated Hospital of Soochow University

Indonesia Dr Dyah Erawati Head of Radiotherapy Division
Dr. Soetomo General Academic Hospital

Indonesia Mr Bambang Haris Medical Physicist of Radiotherapy Department
Suhartono Dr. Soetomo General Academic Hospital
Japan Mr Wada Tomoaki FNCA Coordinator of Japan
(Coordinator)
Japan Prof Kato Shingo Professor
(PL) Department of Radiation Oncology

International Medical Center
Saitama Medical University

Japan Dr Nakano Takashi Managing Director

Quantum Medical Science Directorate

National Institute of Radiological Sciences(NIRS)
National Institutes for Quantum and Radiological
Science and Technology(QST)
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Country

Name

Affiliation

Japan

Prof Karasawa Kumiko

Dean of School of Medicine

Professor and Chair

Department of Radiation Oncology, School of Medicine,
Tokyo Women’s Medical University

Japan

Prof Ohno Tatsuya

Professor and Chairperson
Deparment of Radiation Oncology,
Gunma university Graduate School of Medicine

Japan

Prof Wakatsuki Masaru

Professor
Department of Radiology,
Jichi Medical University

Japan

Dr Mizuno Hideyuki

Principal Researcher

Quality control section, QST hospital,

Quantum Medical Science Directorate,

National Institutes for Quantum and Radiological
Science and Technology (QST)

Japan

Dr Okonogi Noriyuki

Chief Physician

Clinical Research Group of Pelvic tumor
Department of Charged Particle Therapy Research
National institute of Radiological Sciences(NIRS)
Quantum Medical Science Directorate

National Institutes for Quantum and Radiological
Science and Technology(QST)

Japan

Dr Makishima Hirokazu

Attending Physician

Clinical Research Group of Pelvic tumor
Department of Charged Particle Therapy Research
National institute of Radiological Sciences(NIRS)
Quantum Medical Science Directorate

National Institutes for Quantum and Radiological
Science and Technology(QST)

Japan

Dr Kono Sawa

Assistant Professor,
Department of Radiation Oncology
Tokyo Women’s Medical University

Japan

Mr Nakaji Taku

Technical Staff
Quality Control Section, QST Hospital, Quantum
Medical Science Directorate, National Institute for
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Country

Name

Affiliation

Quantum and Radiological Science and Technology

(QST)

Japan
(MEXT)

Ms Tanaka Fumiyo

Administrative Researcher

International Nuclear and Fusion Energy Affairs
Division

Research and Development Bureau

Ministry of Education, Culture, Sports, Science and
Technology (MEXT)

Japan
(Secretariat)

Ms Yamada Ai

Nuclear Safety Research Association (NSRA)

Korea Dr Kum Bae Kim Senior Researcher (Medical Physicist)
Korea Institute of Radiological & Medical Sciences
(KIRAMS)
Korea Dr Wonil Jang Chief, Department of Radiation Oncology
Korea Institute of Radiological & Medical Sciences
(KIRAMS)
Malaysia Dr Lau Fen Nee Senior Consultant / Clinical Oncologist,
(PL) National Cancer Institute, Putrajaya, Malaysia
Malaysi Mr Muzzamer Bin Medical Physicist,
Mohammad Zahid National Cancer Institute,Putrajaya, Malaysia
Mongolia Dr Uranchimeg Tsegmed Head of Division of Non-surgical Oncology
(PL) National Cancer Centre of Mongolia
Mongolia Dr Erdenetuya Yadamsuren | Radiation Oncologist of Radiotherapy Department,
National Cancer Center of Mongolia
The Dr Miriam Joy Calaguas Chairman
Philippines Department of Radiology
(PL) Philippine General Hospital

Active Consultant
St.Luke's Medical Center
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Country Name Affiliation
The Dr Rey H. De Los Reyes Dean, Institute of Medicine
Philippines Far Eastern University — Nicanor Reyes Medical
Foundation (FEU-NRMF)
Consultant,
Section of Gynecologic Oncology,
Jose R. Reyes Memorial Medical Center (JRRMMC)
The Dr Jaemelyn Marie O. Visiting Consultant
Philippines Fernandez Jose R. Reyes Memorial Medical Center (RRMMC)
The Dr Jerickson Abbie Sapno | Visiting Consultant
Philippines Flores Jose R. Reyes Memorial Medical Center (RRMMC)
Thailand Dr Kullathorn Lecturer,
Thephamongkhol Siriraj Hospital Mahidol University
Thailand Mr Pitchayut Nakkrasae Medical Physicist,
Siriraj Hospital, Mahidol University
Vietnam Dr Nguyen Cong Hoang Radiation Oncologist
(PL) Head of General Radiation Oncology Department
National Cancer Hospital (K Hospital)
Vietnam Dr To Anh Dung Head of Breast and Gynecology Radiotherapy

Department,
National Cancer Hospital (K Hospital)
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08:40-09:00
09:00-10:40
09:00-09:05
09:10-09:15
09:15-09:25
09:25-09:30
09:30-09:40
09:40-09:50
09:50-10:15

10:15-10:40

10:40-10:45

10:45-11:00

11:00-13:00

Program of
FNCA 2019 Workshop on Radiation Oncology Project

October 28™ — 315t 2019
Suzhou, China

Dayl Mon, 28th October 2019  Place: Garden Hotel Suzhou

Registration

Opening Ceremony /Moderator: Prof Cao Jianping, (China), PL of China

Welcome Address /Prof. Chen Weichang. Vice president of Soochow University (China)
Opening Address/ Mr.Wada Tomoaki(Japan), FNCA Coordinator of Japan

Remarks and Introduction of MEXT programs/ Ms. Tanaka Fumiyo(Japan) MEXT
Remarks/ Prof. Kato Shingo (Japan) Project Leader

Introduction of Members

Adoption of Agenda

Special Lecture 1: Neoadjuvant chemoradiation of locally advanced rectal cancer-

Shanghai Cancer Center Experience/
Dr. Zhang Zhen (China), Director of Department of Radiotherapy,
Shanghai Cancer Hospital affiliated Fudan University

Special Lecture 2: The Use of Carbon lon Radiation Technology in the Treatment of

Cancer-Experience at the Shanghai Proton and Heavy lon Center/ Dr. Lu Jiade (China),
Shanghai Heavy Particle Cancer Center
Group Photo

Coffee Break

Session 1: Prospective Observational Study of 3D-Image-guided brachytherapy for
Locally Advanced Cervical Cancer (CERVIX-V)

Co-chairs: Dr. A.F. M Kamal Uddin & Dr. Sharif Ahmed (Bangladesh)
1) Introduction of 3D-IGBT / Dr. Okonogi Noriyuki (Japan)
2) Country Report on Progress of the clinical study from each country

Bangladesh

China
Indonesia

Japan

Kazakhstan

Korea
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Malaysia
Mongolia
The Philippines
Thailand
Viet Nam
3) Summary of the clinical data / Dr. Okonogi Noriyuki (Japan)

4) Discussion
13:00-14:00 Lunch

14:00-15:20 Session 2: QA/QC for 3D-IGBT

Co-chairs: Dr. Kum Bae KIM (Korea) & Mr. Pitchayut Nakkrasae (Thailand)
14:00-14:20 1) Current Status of 3D-IGBT in China/ Dr. Jie Ni (China)
14:20-14:40 2) Methodology of audit of 3D-IGBT / Mr. Nakaji Taku (Japan)
14:40-15:00 3) Results of on-site audit / Dr. Mizuno Hideyuki (Japan)
15:00-15:20 4) Discussion

15:20-15:40 Coffee Break

15:40-17:00 Session 3: Phase 11 Study of Chemoradiotherapy for NPC (NPC-111)
Co-chairs: Dr. Parvin Akther Banu(Bangladesh) & Dr. Dyah Erawati (Indonesia)
1) Introduction of the protocol / Dr. Makishima Hirokazu (Japan)
2) Presentation on the clinical data from each country

Bangladesh

China

Indonesia

Japan

Kazakhstan

Korea

Malaysia

Mongolia

The Philippines

Thailand

Vietnam
3) Summary of the clinical data / Dr. Makishima Hirokazu (Japan)

4) Discussion

Night  Dinner
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Day 2  Tue, 29th October 2019 Place: Garden Hotel Suzhou

09:00-10:00 Session 4: Phase Il Study of Hypofractionated Radiotherapy for Breast Cancer
(PMRT /BREAST-I)
Co-chairs: Dr. Erdenetuya Yadamsuren (Mongolia) & Dr. Nguyen Cong Hoang (Vietnam)
1) Review and introduction of the Protocol / Dr. Kono Sawa (Japan)
2) Presentation on the clinical data of PMRT from each country
Bangladesh
China
Indonesia
Japan
Kazakhstan
Korea
Malaysia
Mongolia
The Philippines
Thailand
Vietnam
3) Summary of the clinical data/ Prof. Karasawa Kumiko(Japan)

4) Discussion

10:00-11:00 Session 5: Phase 11 Study of Hypofractionated Radiotherapy for Breast Cancer
(WBI /BREAST-I)
Co-chairs: Dr. Kullathorn Thephamongkhol (Thailand) & Dr. Uranchimeg Tsegmed (Mongolia)
1) Review and introduction of the Protocol / Dr. Kono Sawa (Japan)
2) Presentation on the clinical data of WBI from each country
Bangladesh
China
Indonesia
Japan
Kazakhstan
Korea
Malaysia
Mongolia
The Philippines
Thailand
Vietnam
3) Summary of the clinical data / Prof. Kumiko Karasawa (Japan)

4) Discussion
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11:00-11:20 Coffee Break

11:20-12:20 Session 6: Review of Project Activities and Future Plan
Co-chairs: Prof. Nakano Takashi(Japan) &Prof. Miriam J Calaguas (Philippines)
1) Review and 3 year’s Evaluation/Prof. Kato Shingo (Japan)

12:20-13:30 Lunch

13:30-15:30 Session 6: Review of Project Activities and Future Plan (Continuation)
Co-chairs: Prof. Nakano Takashi (Japan) &Prof. Miriam J Calaguas (Philippines)

1) Future plans / Prof. Kato Shingo (Japan)

2) Proposal for New Clinical Study / Prof. Kato Shingo & Dr. Makishima Hirokazu (Japan)

15:30-15:50 Coffee Break

15:50-17:30 Session 7: Drafting the Workshop Minutes

Co-chairs: Dr. Lau Fen Nee (Malaysia)& Dr. Jaemelyn Marie F. Ramos (Philippines) & Dr. Jerickson Abbie
Sapno Flores (Philippines)

1) Drafting WS Minutes

2) Summary of WS and Closing Remark / Prof. Kato Shingo (Japan) , Project Leader

Night  Dinner
Day3 Wed, 30th October 2019  Place: The first Affiliated Hospital of Soochow University
09:00 Leave from Hotel

09:30-11:00 Session 8 : Technical Visit at The First Affiliated Hospital of Soochow University
11:00-12:30 Lunch

13:30-16:00 Session 9: Open Lecture

Moderator: Dr. Xu Xiaoting (China)

13:30-13:40 Opening Remarks/ Prof. Gang CHEN, Vice Director of the first affiliated hospital of
Soochow University (China)

13:40-14:00 1) Introduction and Overview of FNCA / Mr. Wada Tomoaki (Japan)

14:00-14:20 2) SBRT for Lung Cancer/ Dr. Wonil Jang (Korea)

14:20-14:40 3) Overview of Present Status of Cancer Epidemiology and Radiotherapy in China/ Dr.
Juying Zhou (China)

14:40-15:00 4) Particle Beam Therapy/ Prof. Ohno Tatsuya (Japan)

15:00-15:40 5) Special Lecture on 3D-IGBT for Cervical Cancer
Moderator: Prof. Rey H. De Los Reyes (Philippines)
-Overview of 3D-IGBT/ Prof. Wakatsuki Masaru(Japan)
-Presenting case studies/ Dr. Okonogi Noriyuki (Japan)

-Comment/ Prof. Wakatsuki Masaru (Japan)
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15:40-15:50 Closing Remark/ Prof. Kato Shingo (Japan)
Night  Dinner

Day4  Thu, 31% October 2019, Place: Shagnhai Proton & Heavy lon Center & Fudan University

Shanghai Cancer Center

08.00 am Move to Shanghai

10:00-12:00 Session 10: Technical Visit at Shanghai Proton and Heavy lon Center
12:30-13:30 Lunch
14:00-16:00 Session 11: Technical Visit at Fudan University Cancer Center
Move to Hotel
Day5  Fri, 1st November 2019

Leave from Shanghai
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Minutes of
FNCA 2019 Workshop on Research Reactor Utilization Project

September 10'"-12™", 2019
Kurchatov, Kazakhstan

The Research Reactor Utilization (RRU) project workshop was held over three days at the National Nuclear
Center of the Republic of Kazakhstan (NNC RK).

The first half of the first day (Sep. 10) was allocated to a plenary session in which the individual project
leaders of Japan provided an overview of the current projects of RRU and Neutron Activation Analysis
(NAA) and referred to several major issues of the workshop. Parallel sessions were held from the second half
of the first day to the second day (Sep. 11). In the RRU sessions, Nuclear Science including Human Resource
Department (HRD) were presented sequentially by individual participating countries. In the NAA sessions,
each country presented progress on the activities related to air pollution and mineral resources and then
discussed a number of topics, including linkages with end-users. The detailed content of the discussions was
summarized for each of the two groups, RRU and NAA. On the third day (Sep. 12), the technical visit to

IVG.1M reactor was held in the morning and the Open Seminar was held at NNC in the afternoon.

[Parallel session (RRU)]

RRU-1: Nuclear science including HRD

Lead speech 1 “Utilization of the NNC RK Research Reactors” (Mr. Valentine Tskhe, Kazakhstan)
The presentation started from the history of the establishment of NNC RK and provided facts about the
history of the NNC RK Research Reactors (RR). Next the main technical parameters of the NNC RK RRs
were presented and test benches for the different kinds of experiments that have been successfully carried
out were described. The current state of the NNC RK RRs conversion process was also briefly described.
Following that, the HRD activity of the NNC RK was addressed, including domestic and international

cooperation programs. The NNC RK’s plans are noted at the end of this report.

Lead speech 2 “Research the processes of Nuclear Reaction Energy Conversion to Optical Radiation
Energy” (Mr. Kuanysh Samarkhanov, Kazakhstan)

The presenter described in stages the technology of creating a surface source of high-energy tritium ions and
a-particles, formed as a result of a nuclear reaction of the interaction of the 6Li isotope with thermal neutrons.
Further, the presenter described the scheme of reactor experiments to study the spectral-luminescent
characteristics of nuclear-excited plasma. Results of thermal-physical calculations of the experimental cell
of the ampoule device with lithium CPS were presented. In-pile experiments that were carried out in the field

of neutron radiation of the IVG 1M stationary reactor were described. The results of in-pile experiments were
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presented, showing the applicability of lithium for nuclear excitation of luminescence of noble gas mixtures.

Plans for the laboratory were noted at the end of the report.

Lead speech 3 “Experiments for studying materials of fission and fusion reactors” (Mr. Arman
Miniyazov, Kazakhstan)

An overview was presented of R&D projects conducted at the Institute of Atomic Energy, a branch of NNC
RK. The results of a study of the interaction of fuel materials with the structure and refractory materials of a
fission reactor were shown. In addition, the main results of research in support of fusion development, in
particularly KTM Tokamak and ITER project, were presented. These included: a) high Li-burnup irradiation
tests of a ceramic tritium breeder; 2) development of nuclear energy in the Republic of Kazakhstan; and 3)
studies to justify the tritium safety of fusion devices.

Australia

Nuclear science is the key area for ANSTO to benefit all Australians and the global community in several
areas, including human health. As per organizational priorities, ANSTO supplies nuclear medicine and drives
innovation in health. ANSTO has a focus on developing knowledge, providing information through a
Discovery Centre to school children, school teachers and members of the public, as well as offering training
opportunities through internships for graduates, graduate recruitment, and post-graduate and post-doctoral
research programs. ANSTO is creating an innovation center called ‘nandin’ adjacent to the Lucas Heights
campus, a three-tiered development project which will comprise a deep technology incubator, a graduate

center and a high technology industry component.

Bangladesh

The Bangladesh Atomic Energy Commission (BAEC) is carrying out nuclear based research and
development programs aimed at the peaceful use of nuclear energy. The Institute of Nuclear Science and
Technology (INST) is performing research in various fields, including material science, biological science,
and environmental science. INST also provides various services such as analytical, health physics,
radioactive waste management, and radioisotope supply to many users; as such it is contributing to the
development of the country. BAEC has different programs regarding nuclear education and training to
contribute in the development of human resource. Bangladesh is looking forward to installing a new
multipurpose research reactor, as well as refurbishing the existing RR to enhance its service life and

utilization.

Indonesia

Utilization of the Siwabessy Multipurpose Reactor is not only for research activities in nuclear science and
technology but also for a wide range of nuclear irradiation activities such as irradiation for the production of
radioisotopes, gem stone coloration, NAA, and neutron beam applications such as neutron diffractometry
and neutron spectrometry. A dedicated center for education and training is focused on increasing the
competence of personnel in the field of nuclear science and technology, particularly related to safety and also
to reactor utilization. Activities planned for the future include experiments to develop production methods
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for the semiconductor industry and also experiments in the Power Ramp Test Facility used for non-

destructive tests for Pressurized Water Reactor (PWR) type nuclear fuel test rods.

Japan

We continue to perform instrumental NAA (INAA) and radiochemical NAA (RNAA) of various kinds of
samples in geo- and cosmo-chemistry and in material science, achieving nuclear science outcomes. As for
topics in NAA, the Hayabusa2 project and our contribution to that was introduced, and then we reviewed our
methods to treat such a tiny samples as were obtained in that project. Additionally, Rh-105 and Lu-177 as
RIs for medical use were produced by using the Kyoto University Reactor and the amounts produced were
compared with those produced by electron linear accelerators.

Kazakhstan

Kazakhstan operates three research reactors and one critical facility. Two RR are located in Kurchatov and
the other one is in Almaty. Utilization of the RRs covers a lot of nuclear research activities, both applied and
fundamental. The RRs in Kurchatov (called as IVG1.M and IGR) are basically utilized for a wide application
of materials research. The RR in Almaty (called WWR-K) is a multipurpose research reactor and utilized for
RI production, NAA, neutron radiography, materials research and nuclear science and technology.
Kazakhstan operates a Cyclone-30 accelerator which allows it to produce several types of RI. Kazakhstan
plans to build a nuclear power plant (NPP) so structural materials research and HRD are both very important.
Also, the development and construction of a high-resolution diffractometer at WWR-K reactor is being
planned. Based at the Center for Nuclear Medicine and Biophysics of the Institute of Nuclear Physics, work

is ongoing to expand the list of produced radioisotopes.

Malaysia

The Malaysia Nuclear Agency operates a 1 MW TRIGA reactor that comes with several irradiation facilities
to cater for neutron science research, radioisotopes production, elemental analysis, education and training
activities. The current research reactor is low power and has been operated for more than 35 years. The
maximum neutron flux is 1 x 102 cm2.s™%. The reactor operates 4 days per week and around 8 hours per day.
Despite that, the reactor is able to operate for long-run short-lived radioisotopes production at 18 to 24 hours
continuously, upon request. Planning for a new research reactor is underway, to extend applications such as
Mo production and enable advanced neutron beam experiments to be performed, thus expanding benefits.
The new research reactor program aims to meet the growing demands for greater utilization and advanced

applications.

Mongolia

In this presentation, main organizations of nuclear science in Mongolia and their research activities were
introduced. Recent results from the Nuclear Research Center of the National University of Mongolia were
presented. Utilization of the two medical linear accelerators (high and low energy) at the National Cancer
Center of Mongolia was reported. In the last decade, cancer mortality has been increasing in Mongolia. One

of the many factors leading to this problem has been a shortage of medical isotope supply.
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Thailand

In recent years, Thailand progressed most in the improvement of the neutron imaging facility. An external
collimator was installed, and the L/D ratio was increased to 60. The rotating stage was redesigned to
accommodate an object up to 10 kg. Standard samples are being analyzed to determine the capability of the
new setup. Another major development is the decommissioning of neutron diffraction facility. A new facility
is planned as a collaborative project between TINT and KAERI. For HRD, TINT and SLRI co-organize
neutron-synchrotron science camps. However, an efficient users engagement program is still needed. The

project for a new research reactor has been proposed to the government; public acceptance is still an issue.

Vietnam

The Dalat Nuclear Research Reactor (DNRR) with a nominal power of 500 kW is today the only one in
Vietnam. After the reconstruction of the reactor in late 1983, it played a key role in nuclear science and its
applications utilizing nuclear reactors for more than 35 years. Applications included: a) Production of
radioisotopes and radiopharmaceuticals for medical use, radioisotopes for agriculture and industry
application; b) Irradiation of samples for neutron activation analysis NAA; c) Neutron beam research
(PGNAA, NR, nuclear data measurement, etc.); and d) Training of reactor operators, practical work for
students and teachers from universities and also a program related to the development of human resources

for a new research reactor.

RRU-2: General Discussion

The discussion aimed to assess the last three years of RRU projects amongst different member countries. A
survey was conducted earlier by sending a questionnaire to all member countries. The summary of the survey
results are presented in the table below:

(1=very poor, 2=poor, 3= average, 4= good, 5=very good)

AUS BGD CHN IDN KAZ KOR MYS MNG PHL THA VNM total

b. R 4 4 4 5 4 N/A 5 5 5 3 5 44
production

2017, 2018

d. Nuclear 4 34 3 4 - - 4 4 - 4 4 305
Science

2019

e BNCT, 3 3 for 4 3 4 MNIA 4 5 3 4 4 37
NR NR
2018

f. Material 3 2 2 4 4 N/A 4 3 4 4 4 34
Research

2018

g New 4 3 4 4 3 MNIA 5 5 5 5 4 42
Resesarch
Reactor
2017

h. HRD 4 3.4 3 4 4 - 4 3 - 4 5 345
2019

Participants from the member countries added further comments on the survey. Based on the survey results
and discussion, the preference of the projects is as below:

1. RI production
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2. New Research Reactor

3.BNCT, NR

4. HRD

5. Material Research

6. Nuclear Science
Projects related to RI production are the most preferred by participating countries. However, the following
sub-topics may need to be addressed along with the topic as per member’s comments:

a) Radiation safety

b) Patient safety

¢) Purification

d) QA and QC
All participants acknowledged that participation in the FNCA RRU projects has been beneficial in different
aspects e.g. capability and weakness for individual members, technical difficulties, sharing knowledge for

improvement, and visiting nuclear infrastructure for practical experience and networking.

RRU-3: Future plan of the RRU group for the next phase
The RRU projects has 8 themes and we have discussed all the topics during the last three years, 2017-2019.
The topics were quite broad and therefore it was agreed to focus on specific topics in the next phase for better
outcomes and improvements in knowledge.
The advantage of having this workshop every year is to discuss new themes in the RRU and to provide
networking opportunities.

a. Neutron Activation Analysis (NAA)

b. Isotope Production including new isotopes

c. Neutron Scattering

d. BNCT, NR

e. Material Research

f. New Research Reactor

g. Human Resource Development
The participants from member countries discussed several topics and then specific topics in the Nuclear
Science field were considered for adoption in the next 3-year phase of the workshops. Possible topics
included: Neutron Activation Analysis (NAA) for environmental materials; Isotope Production for new
isotopes including the purification for pharmaceutical use; QA/QC for practical use; and possible cooperation

on new research reactors, some other topics and/or news if any.

[Parallel session (NAA)]

NAA-1: Activities related to air pollution and mineral resources

The new phase (Phase 5) began in 2015, starting with two sub-projects, namely air pollution and mineral
resources. In the air pollution project, suspended particulate matter (SPM) samples, especially so-called
PM2.5, are being collected in participating countries and the air pollution level at those sites is being
monitored by analyzing these SPM samples by NAA and other methods. In the mineral resources project,
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minerals containing useful elements such as rare earth elements (REEs) and U are being analyzed by NAA
and other methods, demonstrating the effectiveness and utilization of NAA in evaluating the presence and
quality of mineral resources.
For the preparation of country reports, the Japanese project leader asked participants to include the following
topics in their presentations:

1) Evaluation of progress for the last 12 month period in comparison with the initial plan.

2) Difficulties and how those may have been overcome.

3) Outstanding outcomes for the project(s).

4) Efforts for strengthening linkages with end-users and any projects developed with end-users.

1) Air pollution

Indonesia

An air particulate matter (APM) study has been carried out from 2015 to 2019 at the Bandung City sampling
site. Three important parameters of APM (mass fraction, key element, and profile of selected element) have
been presented. Time series of mass concentration have been obtained for the fine and coarse fractions over
the period. The analysis of key elements was discussed for soil, vehicle and biomass sources. Elemental

concentrations of S, Fe, K, and Zn were also presented and discussed.

Japan

Through the collection and elemental analysis of SPMs, an evaluation of air quality in Kumatori, Osaka, is
in progress. SPMs (PM2.5) are collected using a Multi-Nozzle Cascade Impact (MCI) sampler. The
collection started on 29 May 2018 and is continuing. The SPM samples collected are analyzed using NAA

(ko-method) and 24 elements have been quantified. Determinatioin of the sources of SPMs is in progress.
Malaysia

Malaysia has continued to sample a site twice a week to collect fine (PM 2.5) and coarse particles (PM 2.5-
10). Positive Matrix Factorization (PMF) solution for samples collected in the period 2012-2017 identified 5
source factors each for the fine particles (motor vehicles, secondary sulfate, biomass burning, soil and road

dust) and coarse particles (motor vehicles 1, motor vehicles 2, industrial chlorine, soil and soil construction).

Mongolia

In Mongolia, environmental analysis including air pollution and soil pollution were implemented by NAA
and other related methods. Results of studies show that pollution levels are 4-10.7 times higher than standard
values of air quality and soil quality. A recommendation was made to develop a new NAA method for APM
filter analysis and to improve the bio-monitoring technique using NAA.

Vietnam
Under the MEXT program, a researcher was trained in the collection and analysis of SPM for air pollution
studies at the Kyoto University Research Reactor (KUR), Japan. In collaboration with KAERI, Korea, the

irradiation and measurement of PM’s samples have been carried out in the Dalat research reactor. A Ministry
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of Science and Technology (MOST) project on *“Air quality and environmental impact assessment of coal-

fired power plants™ has been proposed for 2021-2022.

2) Mineral resources

Australia

Routine measurements for Australian companies include the determination of the homogeneity of gold in
new reference materials and the determination of chlorine at different stages in titanium processing

flowsheets. A new project to measure REES in air sampling filters is being negotiated.

Bangladesh

Sand from St Martin's Island was analyzed and no heavy minerals have been identified. In the last 12 months
we have participated in two IAEA inter-comparison exercises and analyzed major, minor and REEs in
samples of soil, sediment, spice etc. by NAA. We have increased our activities in the field of academic

research, human resource development, collaborations and linkages with end-users.

Kazakhstan

The ITER facility is under construction in the south of France and includes the building of a Tokamak
complex (B11). For safety, a correct assessment of the activation of the concrete is required to determine
radiation dose rates after shutdown and decommissioning of the reactor. We are studying the chemical

composition of concrete use INAA methods in order to make the assessment.

Malaysia
We continue to provide analytical services, especially to the Regulatory body (AELB), the mineral processing

industry, mineral traders and Lynas (Malaysia) Sdn. Bhd.

Thailand

The preliminary results of two element concentrations in standard reference material (Montana Soil 2711a)
were reported using ko-neutron activation analysis (ko-NAA). There were some errors that need to be
understood and corrected. However, we will continue to develop ko-NAA for more precision and for multi-

element determination.

Vietnam

REEs in 5 samples requested by customers have been analyzed by ko-NAA. The MOST project on
“Investigation of REEs in archaeological samples in Cat Tien and Oc Eo-Ba The site” using ko-INAA and
ICP-MS will be implemented in 2020-2021. The corrections for the variation of neutron flux in the aluminum
can and the dead-time for short-lived isotopes in Cyclic Neutron Activation Analysis (CNAA) have been

determined.

NAA-2: General Discussion

1) SPM sub-project

There was discussion of the SPM programs that have been implemented in participating countries. Good
data have been obtained and at least one joint journal paper is being considered for publication in 2020.
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However, some limitations of NAA for this application have become apparent. One limitation is that NAA
cannot measure some key elements such as Pb, Si and S. More importantly, the turnaround time for filter
papers to be analyzed is too long and laboratories cannot cope with the large number of samples that are
routinely collected. Nevertheless, there is value in measuring certain important elements (such as As, K, Br
and Sb) using NAA and a number of countries have made a commitment to continuing their measurement

program into the future.

2) REE/Mineral Resources sub-project

Although a suitable Japanese reference material for a new laboratory inter-comparison could not be found,
participating countries continued to undertake measurements of mineral samples. Some activities included
participation in the certification of reference materials for the mining industry, analysis of mineral processing

products, and sediment analysis in areas affected by industrial pollution.

NAA-3: Future plan of NAA group for the next phase

There was common agreement that the focus of the proposed next phase of the NAA sub-project should be
Environmental Monitoring. This unifying theme has several advantages. There is a broad range of potential
end-users including government agencies, regulators, industry and researchers. The topic can include samples
related to: airborne pollution; soil, river, lake and sea contamination; food and nutrition; industrial activity;
erosion processes; etc. Through the application of multiple measurement techniques, participants will be able
to identify key areas where NAA offers clear analytical advantages. Positive communications linking NAA

to beneficial environmental outcomes can be expected.

NAA-4: Conclusions

1. The NAA group has continued to work towards meeting planned objectives and some significant
advances have been achieved.

2. Improvements in maintaining and growing productive linkages with end-users have continued.

3. Two sub-projects, air pollution and mineral resources, will be completed in the current phase, ending in
March 2020.

4. It has been proposed that the next phase of the NAA sub-project, starting in April 2020, should be on the

topic of Environmental Monitoring.
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List of Participants

FNCA 2019 Workshop on Research Reactor Utilization Project

September 10"-12%", 2019
Kurchatov, Kazakhstan

Country Name Affiliation
Australia Mr Moshiul Alam Senior Technical and Product Specialist,
(RRUPL) Australian Nuclear Science and Technology Organisation
(ANSTO)
Australia Dr John Bennett Research Infrastructure Platform Leader - Biosciences,
(NAAPL) Australian Nuclear Science and Technology Organisation
(ANSTO)
Bangladesh Dr Rabeya Akhter Principal Scientific Officer, INST, AERE,
(RRU) Bangladesh Atomic Energy Commission (BAEC)
Bangladesh Dr Kamrun Naher Chief Scientific Officer,
(NAAPL) Reactor & Neutron Physics Division, INST, AERE,
Bangladesh Atomic Energy Commission
Indonesia Mr Heru Umbara Director, Center for Multi Purpose Reactor,
(RRU PL) National Nuclear Energy Agency (BATAN)
Indonesia Mr Sutisna Researcher, Center for Science and Technology of
(NAA PL) Advanced Materials,
National Nuclear Energy Agency (BATAN)
Japan Mr Wada Tomoaki FNCA Coordinator of Japan

(Coordinator)

Japan
(Advisor)

Dr Namba Hideki

FNCA Advisor of Japan
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Country Name Affiliation
Japan Mr Tanno Yusuke Ministry of Education, Culture, Sports, Science and
(MEXT) Technology (MEXT)
Japan Prof Ohtsuki Tsutomu Professor, Institute for Integrated Radiation and Nuclear
(RRU PL) Science, Kyoto University
Japan Dr Sekimoto Shun Assistant Professor, Institute for Integrated Radiation and
(RRU) Nuclear Science, Kyoto University
Japan Prof Ebihara Mitsuru Professor,
(NAA PL) Waseda University
Japan Ms Inokoshi Chiaki International Affairs and Research Department,
(Secretariat) Nuclear Safety Research Association (NSRA)
Kazakhstan Mr Asset Shaimerdenov Head of Laboratory of Atomic Energy Safety Issues,
(RRU PL) Institute of Nuclear Physics
Kazakhstan Mr Valentine Tskhe Head of Group, Laboratory for Reactor Fuel Testing,
(RRU) National Nuclear Center (NNC)
Kazakhstan Mr Kuanysh Samarkhanov | Engineer, Laboratory for Interchannel Tests,
(RRU) National Nuclear Center (NNC)
Kazakhstan Mr Arman Miniyazov Head of Laboratory for Testing Materials under Fusion
(RRU) Reactor Conditions, National Nuclear Center (NNC)
Kazakhstan Ms Irina Prozorova Head of Laboratory of Neutron Physics, Institute of
(NAA) Atomic Energy, National Nuclear Center (NNC)
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Country Name Affiliation
Malaysia Dr Julia Abdul Karim Senior Research Officer,
(RRUPL) Malaysian Nuclear Agency
Malaysia Ms Shamsiah Abdul Senior Research Officer,
(NAAPL) Rahman Malaysian Nuclear Agency (Nuclear Malaysia)
Mongolia Dr Myagmarjav Odsuren Researcher,
(RRU) National University of Mongolia
Mongolia Dr Damdinsuren Bolortuya | Researcher, Nuclear Research Center,
(NAA) National University of Mongolia
Thailand Dr Kanokporn Boonsirichai | Head of Nuclear Research Section,
(RRU) Thailand Institute of Nuclear Technology (TINT)
Thailand Mr Jatechan Channuie Nuclear Scientist,
(NAA PL) Nuclear Research and Development Division,
Thailand Institute of Nuclear Technology (TINT)
Vietnam Mr Duong Van Dong Director,
(RRUPL) Center for Research and Production of Radioisotope,
Nuclear Research Institute (NRI),
Vietnam Atomic Energy Institute (VINATOM)
Vietnam Dr. Tran Tuan Anh Researcher, Nuclear Research Institute (NRI),
(NAA PL) Vietnam Atomic Energy Institute (VINATOM)
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Program of
FNCA 2019 Workshop on Research Reactor Utilization Project

September 10"-12%", 2019
Kurchatov, Kazakhstan
Host Organization: National Nuclear Center of the Republic of Kazakhstan
Ministry of Education, Culture, Sports, Science and Technology of Japan (MEXT)
Date: September 10-12, 2019
Venue: National Nuclear Center of the Republic of Kazakhstan, Kurchatov, Kazakhstan

[Day 1: Tuesday, 10 September]
Workshop: Plenary session
09:00-09:15 Opening Session
-Welcome address: Prof. Erlan Batyrbekov, FNCA Coordinator of Kazakhstan
-Opening remarks: Mr. Wada Tomoaki, FNCA coordinator of Japan
-Introduction of participants
-Group photo
09:15-10:15 Plenary-1: Overview of the FNCA projects and Major Issues of the Workshop
- RRU group: Prof Ohtsuki Tsutomu, Japan
- NAA group: Prof Ebihara Mitsuru, Japan
- NAA group: Prof Ebihara Mitsuru, Japan

Workshop: Parallel session (RRU)
10:30-12:00 RRU-1: Country report on nuclear science including HRD

Note: Country report should include following points:

- Basics and/or progress in nuclear science in recent years
- Application of nuclear science
- Future plans and others
1. Country report and discussion
Chair: Indonesia
- Lead speech: Mr. Valentine Tskhe, Kazakhstan
- Australia, Bangladesh
12:00-13:00 Lunch Break
13:00-14:30 2. Country report and discussion
Chair: Vietnam
- Lead speech: Mr. Kuanysh Samarkhanov, Kazakhstan

- Indonesia, Japan, Malaysia
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14:30-15:00 Coffee Break
15:00-16:30 3. Country report and discussion

Chair: Australia

- Lead speech: Mr. Arman Miniyazov, Kazakhstan
- Mongolia, Thailand, Vietnam
16:30-17:00 4. Geneal discussion

Workshop: Parallel session (NAA)

10:30-12:00 NAA-1: Activities related to air pollution and mineral resources
Note: Country report should include following points:

1) Progress for the last 12 month period, comparing the initial plan and the degree of
achievement
2) Any difficulties and how were those difficulties overcome?
3) Outstanding outcomes for the project(s).
4) Linkages with end-users; projects developed with end-users?
1. Country report and discussion
Chair: Malaysia
- Australia, Bangladesh
12:00-13:00 Lunch Break
13:00-14:30 2. Country report and discussion
Chair: Bangladesh

- Indonesia, Kazakhstan, Malaysia
14:30-15:00 Coffee Break
15:00-17:00 3. Country report and discussion
Chair: Indonesia

- Japan, Mongolia, Thailand, Vietnam

[Day 2: Wednesday, 11 September]
Workshop: Parallel session (RRU)
RRU-1: Country report on nuclear science including HRD (continued)
09:00-10:30 4. General discussion
Chair: Japan
10:30-11:00 Coffee Break
11:00-12:00 RRU-2: Future plan of RRU group for the next phase
Chair: Japan
12:00-13:00 Lunch Break
13:00-15:00 RRU-3: Drafting of Minutes

Chair: Japan/Australia

Workshop: Parallel session (NAA)
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09:00-10:30

10:30-11:00
11:00-12:00

12:00-13:00
13:00-14:30

15:30-17:00

NAA-1: Activities related to air pollution and mineral resources (continued)
4. General discussion

Chair: Japan/Australia

Coffee Break

NAA-2: Future plan of NAA group for the next phase

Chair: Japan/Australia
Lunch Break
NAA-3: Drafting of Minutes

Chair: Japan/Australia

Workshop: Plenary session

Wrap up session
- Report of RRU Minutes and Discussion
- Report of NAA Minutes and Discussion
- Future plan of RRU project for the next phase
- Closing Remarks by Dr. Namba Hideki, FNCA advisor of Japan

[Day 3: Thursday, 12 September]

Technical Visit

09:30-12:00

14:30-14:40
14:40-14:45

14:45-15:00

15:00-15:30

15:30-16:00

16:00-16:20

16:20-16:50

16:50-17:20

17:20-17:50

IVG.1 M reactor complex

ENCA Open Seminar ""Research Reactor Utilization'

Registration
Opening remarks
- Mr. Sergey Berezin, Deputy Director General of RSE NNC RK
Keynote Speaker 1: Mr. Tanno Yusuke, MEXT, Japan
International Nuclear Cooperation and Support for Asian Countries
Keynote Speaker 2: Mr. Wada Tomoaki, FNCA Coordinator of Japan
Overview and progress of FNCA
Keynote Speaker 3: Prof. Ebihara Mitsuru, Waseda University, Japan
Application of NAA and PGA to meteorites and geological samples
Coffee Break
Keynote Speaker 4: Dr. Rabeya Akhter, BAEC, Bangladesh
Production of medically important radioisotope in Bangladesh and its prospect with new
research reactor plan
Keynote Speaker 5: Dr. Julia Abdul Karim, Malaysian Nuclear Agency, Malaysia
Radiation Safety and Control in Radioisotopes Production at PUSPATI TRIGA Reactor

Question and Discussion
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Minutes of
FNCA 2019 Workshop on Radiation Safety and Radioactive Waste Management
Project

October 1%t — 3 2019
Hanoi, Vietnam

1) Outline of Workshop

i) Date October 15t -3, 2019

ii) Venue Silk Path Hotel Hanoi

iii) Host Organizations Vietnam Atomic Energy Institute (VINATOM)

Ministry of Education, Culture, Sports, Science and Technology of
Japan (MEXT)

iv) Participants 29 from 11 countries (Australia, Bangladesh, China, Indonesia, Japan,

Kazakhstan, Malaysia, Mongolia, Philippines, Thailand and Vietnam).
Listed in Annex 2

v) Program Annex 1

2) Program
The FNCA 2019 Workshop on Radiation Safety and Radioactive Waste Management (RS&RWM) was held

from 1st to 3rd October 2019, at Silk Path Hotel Hanoi. The workshop was jointly organised by the Vietham
Atomic Energy Institute (VINATOM) and the Ministry of Education, Culture, Sports, Science and
Technology (MEXT) of Japan.

Twenty-nine (29) representatives involved in policymaking, regulatory, operations, and research and
development for radiation safety and radioactive waste management from 11 FNCA member countries
attended the workshop, namely Australia, Bangladesh, China, Indonesia, Japan, Kazakhstan, Malaysia,
Mongolia, Philippines, Thailand and Vietnam. The program of the workshop is attached as Annex 1. The list
of participants is attached in Annex 2.

Session 1: Opening
Dr Tran Ngoc Toan, Vice President of VINATOM and FNCA Coordinator of Vietnam, and Mr Wada
Tomoaki, FNCA Coordinator of Japan delivered a welcoming speech. Both of them emphasized the

importance of radioactive waste management in the member countries, and wished the success of workshop.

Session 2: Introduction
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First, Mr Wada gave a presentation on the FNCA Achievements in 2018 and 2019. In his presentation, he
introduced the Conclusion and Recommendation issued by the 19" FNCA Coordinators Meeting in which
the project is suggested to assist member countries with safety improvement of low level radioactive waste
management. Next, Dr Le Thi Mai Huong, FNCA Project Leader of Vietnam presented on the Vietnam’s
achievements in FNCA activities. In her presentation, she explained that through the activities of the FNCA
RS&RWM project, especially the exchange of information and experiences among participating countries,
understanding of, and correct information about, Radioactive Waste Management has been promoted,
especially the technical viewpoints. Finally, Prof Kosako Toshiso, Project Leader of Japan reported the
overview of the project, in which he explained about the consolidated report to be discussed during the

workshop. The summary of each report is attached in Annex 3.

Session 3: Country Report
Eleven (11) countries reported their progress, challenges, problems and future plans for low-level radioactive

waste repository or repositories. The summary of each report is attached in Annex 3.

Session4: Presentation on NORM/TENORM and Disposal of Disused Sources

Dr Nguyen Ba Tien from Vietnam and Dr Norasalwa Binti Zakaria from Malaysia gave a presentation on
NORM/TENORM and Disposal of Disused Sources respectively. Dr Tien presented on the
NORM/TENORM disposal in Vietnam and introduced the issue of managing tailings wastes in uranium
processing experiments, in mining and processing beach sand minerals, in exploiting and processing rare
earth ores and in ZOC (Zircon) production. Dr Norasalwa presented on the disposal of disused sources in
Malaysia referring to their borehole disposal system, and explained site location and site characterization,

safety assessment and plans for the years to come. The summary of each report is attached in Annex 3.

Session 5: Introduction of MEXT HRD Program and FNCA Activities Related to the RS&RWM
Project

Dr Namba Hideki, FNCA Advisor of Japan introduced the MEXT Human Resources Development programs
and FNCA activities related to the Radiation Safety and Radioactive Waste Management project. According
to Prof Kosako, some fellows have attained important positions of their institutes after completing the
program including chair or president of the organization. Furthermore, six people among the workshop
participants had an experience to join the MEXT HRD program before. The summary of report is attached

in Annex 3.

Session 6 & 7: Group Discussion on Consolidated Report
The participants discussed on the general part and specific part of consolidated report. The revised drafts of
the general and specific reports from each country are to be sent to Ms Tanida by Fri 29 November 2019.

The report will come from the FNCA project leaders in each country.

Session 8: Poster Session
Eleven (11) countries introduced their hot topics using a poster. The title of each poster is as shown below:

® Australia;: ILW Storage at the Australian LLW Repository: Centralised Storage of Intermediate Level
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Waste Benefits and Disadvantages

® Bangladesh: Activities of Heath Physics & Radioactive Waste Management Unit (HPRWMU)

® China: Unbalanced Development between Nuclear Energy Boom and Radioactive Waste Disposal Site
Construction in China

® Indonesia: Study on Inventory and Repository of TENORM Waste from Tin Industry in Bangka Island
Indonesia

® Japan: Decontamination Evaluation and Reduction of Radioactive Waste / JAEA actions in Fukushima

® Kazakhstan: Kazakhstan’s Activities on Bringing the Territory of the Former Semipalatinsk Test Site to
Safety State

® Malaysia: Strengthening Radiation Safety and Facilities Upgrade at the National Radioactive Waste
Management Center

® Mongolia: Radiation Safety and Radioactive Waste Management in Mongolia

® Philippines: Radioactive Waste Management in the Philippines Moving Forward

® Thailand: Radioactive Waste Management Support Megaport Initiative at Laem Chabang Seaport
Thailand

® Vietnam: A Study on a Closed-Loop Production of Coagulants and Pigments without Secondary Wastes
from Vietnam Red Mud

The summary of each report is attached in Annex 3.

Session 9: Three-year Evaluation

As this year is the final year of the current phase, the participants discussed the completion of the final report
of the project activities of 6™ phase (2017-2019). Results of the discussion will be reflected in the three-year
evaluation document. The proposals for the 71" phase, which will be starting from next year (2020), were
discussed. The discussion was mainly around NORM/ TENORM management for the next phase. These

documents are to be returned to Ms Tanida by Fri 20 December 2019.

Session 10: Summary
This summary was adopted by the participants.

Session 11: Closing
With the closing remarks from Dr Le Thi Mai Huong, Prof Kosako Toshiso and Dr Namba Hideki, the
workshop was officially declared closed.

Technical Visit to Yen Phu Rare Earth JSC, Yen Bai Province
A technical visit to Yen Phu Rare Earth JSC, Yen Bai Province was conducted on 3™ October.

Annex 3. Session Summary
Session 2: Introduction
1) FNCA Achievements 2018-2019 (Mr Wada Tomoaki, FNCA Coordinator of Japan)
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The 19" FNCA Ministerial Level Meeting agreed to further accelerate FNCA activities not only by
accelerating the existing R&D themes but also by adopting possible future R&D themes of a wide spectrum
of interests from the member countries.

the 20" FNCA Coordinator Meeting agreed to begin new phases of the Radiation Safety and Radioactive
Waste management with the comments that since almost all countries in the FNCA are planning to construct
low-level radioactive waste disposal facilities/long-term storage facilities, this project should assist the
member countries with safety improvement related to radiation safety and radioactive management of low-
level radioactive waste repositories. Member states are now intensively discussing safety assessment,

regulatory and operational system preparation, site selection, and confidence building.

2) Vietnam’s Achievements in FNCA Projects (Dr Le Thi Mai Huong, Institute for Technology of
Radioactive & Rare Elements (ITRRE))

Through the activities of the FNCA RS&RWM project information and experience exchanges among

participating countries, improved understanding and correct information on Radioactive Waste Management

has been promoted, especially the technical viewpoint, such as radiation safety techniques, radioactive waste

treatment technology, operation of radioactive waste storage and so forth.

According to the evaluation of IAEA experts, up to now, Vietnam has completed one of three main

Milestones in the development of a National Infrastructure of Nuclear Power and are prepared for the second

milestone: to put Nuclear Power Plant out to contract.

Management and treatment of radioactive waste is one of nineteen infrastructure issues which are necessary

to be prepared and completed.

As future tasks, the project of constructing national storage facility of used sealed radioactive sources

(borehole disposal system) and NORM/TENORM treatment and management should be tackled.

3) Project Overview and Goal (Prof Kosako Toshiso, the University of Tokyo)

Member countries have various practical issues with low level radioactive waste management, for example
some countries have nuclear power plants but some don’t, and some country have problems of mining
residues but some don’t. We therefore need to be more careful when preparing the draft report. Every member
country can refer to the scope variation in this report. For the preparation of "Consolidated Report on Low-
level Radioactive Waste Repository", we used a standard format of index consisting of General and Specific
parts. But this will be applied flexibly depending on each countries' situation. We need another one year for
finalizing this year's "Intermediate Summary". From next year (2020), a new phase will be starting and

NORM/TENORM was suggested as the new theme after discussion.

Session 3: Country Report

3) Australia (Mr Duncan Kemp, Australian Nuclear Science and Technology Organisation
(ANSTO))

Australia has made minimal progress on the repository over the past year. The main focus of effort has been

on the economics of planning the repository, the ownership model and the legal challenges to the public

consultation process. | will update the group on those challenges, the result and the impact on the
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development of the repository. | will also describe the current progress being made on the inventory and how
important that is to the whole exercise. As a cheap and relatively well defined task it is vitally important for

the definitions of the repository.

4) Bangladesh (Dr M. Moinul Islam, Bangladesh Atomic Energy Commission (BAEC))

In Bangladesh both sealed and unsealed radioactive wastes are generated from the use of radioactive sources
in various activities which include nuclear techniques in medicine, agriculture, industry, research and
education etc. The regulatory frame work relating to radioactive waste management and brief description of
licensed radiation facilities are shown in the presentation. The possible sources of radioactive wastes and the
percentage of waste generation from different stakeholders in the country till 2019 are shown in the
presentation. Both processed and unprocessed wastes are safely stored at the Central Radioactive Waste
Processing and Storage Facility (CWPSF) of Health Physics and Radioactive Waste Management Unit
(HPRWMU), Bangladesh Atomic Energy Commission (BAEC).

A project proposal has been submitted for the strengthening of CWPSF under the Government of Bangladesh
Annual Development Project (ADP) entitled 'Strengthening of Institute of Nuclear Science and Technology’.
In addition, capacity build up of geological survey project of BAEC which includes site selection for waste
disposal facility has been submitted to the planning commission for approval. Several challenges for the

establishment of radioactive waste repository in the country are briefly addressed in the presentation as well.

5) China (Mr Qin Guogiang, China National Nuclear Corporation (CNNC))

The Government of the People’s Republic of China released a white paper titled “Nuclear Safety in China”,
on 3 September 2019. This white paper is to introduce China’s approach to nuclear safety, elaborate on its
basic principles and policies, share the concepts and practices of regulation, and clarify China’s determination
to promote global nuclear safety governance and the actions it has taken to achieve this.

Politics and practice on disposal of radioactive waste are described in the white paper. China implements the
radioactive waste classification of: near-surface or medium-depth disposal of low- and intermediate-level
radioactive waste in locations that meet the requirements of nuclear safety, and deep geological disposal of
high-level radioactive waste in centralized locations.

There have been two low- and intermediate-level radioactive solid waste disposal sites in operation in China
with good safety records.

The efforts for new siting of five solid LILW disposal repositories are being conducted, in provinces where
multiple NPPs are located in such as Fujian, Zhejiang, Guangdong, Liaoning and Shandong. One
underground laboratory for HLW geological disposal project, which sites in Beishan, Gansu province, has

been approved by Chinese authority in May, 2019.

6) Indonesia (Dr Dadong Iskandar, National Nuclear Energy Agency of Indonesia (BATAN))

Indonesia has 3 research reactors (30 MW, 2 MW, and 100 kW) and radioisotopes has been applied in the
various fields. In June 2019, the inventory of the radioactive source in use in Indonesia is 6,424 sources, and
the number of Disused Sealed Radiation Sources (DSRS) are 3,031 DSRS for Cat. 3-5, and 34 pcs for Cat.1-
2. From these DSRSs, 1102 sources have been encapsulated in 174 capsules. Two Interim Storages in CRWT
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have been filled by the radioactive waste so the disposal has been one alternative. In strategic planning 2015-
2019, BATAN will build Near Surface Disposal to dispose low radioactive waste and the project has been
postponed. In strategic planning 2020-2024, BATAN has been planning to construct the borehole disposal
for DSRS in 2022. The location of borehole disposal will be in the same location with near surface disposal.
The required environmental data has been available and the characterization of the site until 200 m soil depth
has been done by drilling. Host rock from 50 to 100 m is adequate for borehole, siltstone-claystone with low
permeability. Design of borehole is the depth of borehole 100 m with diameter 16.5 cm, and the DSRS
container will be put in the depth from 50 m until 100 m. The next activities are to making conceptual and
detail designs of borehole and safety assessments during construction until post closure using suitable
software.

7) Japan (Mr Saito Tatsuo, Japan Atomic Energy Agency (JAEA))
As this country report of Japan, I’ll introduce here 3 topics:

1. Disposal Concept of Radioactive Waste in Japan

2. Conceptual Design of JAEA Disposal Facility

3. Preliminary Safety Assessment for Disposal

In summary, I’ll report as follows;

® JAEA is promoting the disposal project of LLW generated from the nuclear energy research / medical and
industrial use of radioisotope in Japan.

® JAEA is preparing Conceptual Design of Disposal Facility for the nuclear energy research / medical and
industrial LLW.

® JAEA has been developing Preliminary Safety Assessment for disposal.

8) Kazakhstan (Mr Yevgeniy Tur, National Nuclear Center (NNC) of the Republic of Kazakhstan)
The main source of low-level radioactive waste in the Republic of Kazakhstan is uranium industry. Ten years
ago Kazakhstan finished a large amount of work on the conservation of former uranium mines, milling
facilities and remediation of their territories. Later it was discovered on some sites that protective layers
created are damaged due to man-made or natural reasons. At the moment, work is carried out on restoration
these layers and organization of proper control and monitoring the sites.

Many solid and liquid wastes were generated during operation of the BN-350 power reactor. There are several
projects developed on management of these wastes. The solid radioactive waste treatment project proposed
extraction the wastes from trenches, crushing, placing them in barrels, pressing barrels, packing briquettes
into reinforced concrete non-returnable containers and cementing, sealing the container and placing
containers for long-term storage. During implementation of the project on reprocessing of the liquid metal
coolant: a primary coolant was cleaned of cesium by absorbers, a facility for processing the cleaned coolant
into a concentrated alkaline solution was built and started, and facility for processing of alkali into a

geocement stone, which is suitable for long-term safe storage, is under development.
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A long-term storage project is under development. The storage is proposed for contaminated soil of the
former nuclear test site’s. Total volume is 100 000 m3. Beginning of the storage operation is planned after
2024.

9) Malaysia (Dr Norasalwa Binti Zakaria, Malaysian Nuclear Agency)

A smart investment is the investment in human capital where human capital can be easily increased through
education and training. The LLW repository project in Malaysia was initiated in the year before 2011, but
later was given lesser priority beginning year 2013 to give way for the Borehole Disposal Project for
disposing of Disused Sealed Radioactive Sources. From 2013 till to date, there has been a big change of staff
at the National Radioactive Waste Management Centre due to transfer, retirement, and/or leaving the service.
Thus, it is highly critical that the new staff receive proper exposure and acquire tacit knowledge in continuing

the national repository project.

The country report highlights the revised planning and timeline of the overall national repository program.
During the first phase of the program which ran from 2008-2013, the focus was on the national site screening
program. In the second phase (2018-2025), site evaluation and safety assessment will be the focus
components. The staff training planning is presented and the main outcome from some of the training held is

reported in this report.

10) Mongolia (Ms Uranchimeg Batdelger, Nuclear Energy Commission, Government of Mongolia)
Mongolia is a land-locked country in the Central Asia with large area of approximately 1.5 million square
kilometers territory and a population of 3.23 million people. The main purpose of the paper is to assess legal
environment of Mongolia for development of nuclear and radiation safety and security. The Nuclear Energy
Commission (NEC) was founded in the beginning of 2015 by the Government of Mongolia under the
amendment of Nuclear Energy Law. Since then, it has formulated the State Policy for Utilization of
Radioactive Minerals and Nuclear Energy and the Nuclear Energy Law, regulatory law of the field. NEC is
responsible for developing and implementing the national policy on the exploitation of radioactive minerals
and use of nuclear energy, is responsible for coordination activities to ensure nuclear safety and radiation
protection, for developing and adopting safety and security regulations, and for licensing of nuclear facilities.
The activities of the General Agency For Specialised Inspection (GASI) is largely focused on the control of:
the uses of radiation sources in industry, medicine and research centres, installation of portal monitors to
combat illicit trafficking of nuclear and radioactive materials, the exploitation, processing, import, export
and transport of radioactive minerals.

The Isotope Center operates the radioactive waste management facility, for the Nuclear Energy Commission
is responsible for the safe storage of radiation sources and radioactive wastes and safe transport of radioactive
materials in Mongolia. Isotope center is an object of the state protection by Governmental Resolution No 135
by Internal troops operational regulation and organizational procedure for controlling the transport.

11) The Philippines (Ms Kristine Marie Dacallo Romallosa, Philippine Nuclear Research Institute
(PNRI))
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Although there is capability in managing radioactive wastes in the Philippines, there are safety and security
issues that need to be addressed. For instance, there is no national policy and strategy yet on radioactive waste
management. There are about 80 drums of cemented DSRS and 165 radium needles need to be reprocessed
to comply with the new international and national safety standards. Also, the surrounding area of the waste
facility is now heavily populated and urbanized, the security of the radioactive materials is becoming a
concern. The demand for nuclear technologies increases over the years hence the volume and the types of
wastes generated are also expected to increase. The current facility is only designed for interim storage of
the wastes and there is no disposal facility yet. In this presentation, the proposal and current activities being
done for the development of a comprehensive radioactive waste management programme in the Philippines
will be discussed. Possible collaborations such in the design of processing and storage facilities, will be

presented.

12) Thailand (Mr Witsanu Katekaew, Thailand Institute of Nuclear Technology (TINT))

Nuclear and radiation technology in Thailand can be traced back since the utilization of tele therapy radiation
source for cancer treatment and diagnosis at Siriraj General hospital in 1935. Since then, this technology has
been wildly utilized in various sectors in Thailand, e.g., medicine, industry, research and development and
education. Several nuclear and radiation facilities have been developed to serve social and economic needs,
and in parallel, radiation safety and security and nuclear safeguard are enhanced and strengthened. Together
with those other countries where the utilization of nuclear and radiation technology has played major roles
in the society, it is inevitable that radioactive waste is generated and this should be managed safely.

The management of radioactive waste in Thailand is under the control and regulation in compliance with the
Nuclear Energy for Peace Act., B.E.2559 (2016). Disposal of radioactive waste is enforced by Ministerial
regulation on radioactive waste management, B.E.2561 (2018). Sources of radioactive waste in Thailand are
production and utilization of radioisotopes, research reactor operation, use of sealed radiation sources,
decommissioning of nuclear and radiation facility. Types of radioactive waste produced are radioactive
contaminated materials, waste from disused sealed radiation source, decommissioning waste, NORM waste
and spent nuclear fuel. Sustainable management of radioactive waste, the life cycle assessment and Cradle-
to-Grave concept are studied. The end stage for management of radioactive waste is accountable for the safe
disposal. Inventory of radioactive wastes in Thailand shows significance in types and volume and this reflects
to waste disposal options and sites. Factors concerning preliminary site selection studies were reviewed, e.g.,
geology, earthquake, rainfall, flooding, and land use. Other factors were also considered, e.g., land-ownership
and cost, waste transport, existing and future development of the area. Preliminary study results and

perspectives on repository development are discussed.

13) Vietnam (Dr Le Thi Mai Huong, ITRRE)

Radioactive waste in Vietnam is generated by research, industry, medical applications, research reactor
operation and radiopharmaceutical production. Naturally occurring radionuclides (NORM) and
technologically enhanced naturally occurring radioactive materials (TENORM) are produced in Vietnam by

the mining, mineral sands processing and other resources sectors. Monitoring the radioactive elements of
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these wastes, and their burial and management still proceed like those of ordinary production wastes (may
take into account the dangers of chemicals...) but not much attention about radioactivity.

Vietnam has no nuclear power plants.

Now Vietnam is postponing the introduction of nuclear power to meet growing demand in electricity and to
ensure energy security. The project of cooperation to build a Center for Nuclear Science and Technology
(CNEST) was agreed to be implemented in an agreement between the Government of the Socialist Republic
of Vietnam and the Government of the Russian Federation (signed on November 21, 2011). The focus of the
project is a research reactor with an estimated capacity of about 10 MW.

So far, Vietnam has no national used radioactive sources and radioactive waste storage facility.

This presentation includes the following main contents: The Radioactive waste Management Policy;
Legislation Framework; Current management of RW in Vietnam; Site selection for Low Level Radwaste

Central Facility and Orientation, Challenges, Plans and Proposals in RWM in Vietnam.

Session 4: Presentation on NORM/TENORM and Disposal of Disused Sources

1) NORM/TENORM (Dr Nguyen Ba Tien, VINATOM)

The management of radioactive wastes NORM/TENORM is currently being investigated by countries around
the world, especially IAEA. Vietnam has just started facilities related to NORM / TENORM, their
management is still relatively new. The state management Agencies do not have specific policies related to
this issue. In this paper, the current situation of waste management in this form is mentioned at mining and
processing facilities containing radioactive elements in Vietnam. Specifically, the issue of managing tailings
wastes in uranium processing experiments, in mining and processing beach sand minerals, in exploiting and
processing rare earth ores and in ZOC (zirconium oxide chloride) production. For the waste produced from
the mining industry, oil refining and processing of phosphates, produce acid phosphate processing bauxite:
The waste generator and state management agencies have not yet inspected them. Monitor the radioactive
elements of these wastes, and their burial and management still proceed like those of ordinary production
wastes (may take into account the dangers of chemicals...) but not much attention about radioactivity.
Landfills have not invested in methodical construction and are not closely monitored so it often leads to the
breakdown of waste reservoir. The report also reports on the possibility of developing this type of waste in
Vietnam in the near future and proposes some recommendations for the Ministry of Natural Resources and
Environment, the Ministry of Science and Technology on the need to develop a substance management policy
on NORM/TENORM in Vietnam to ensure safety for the environment and facilitate businesses to participate

in the field of exploration, exploitation and processing of mineral resources containing radioactive elements.

2) Disposal of Disused Sources (Dr Norasalwa Binti Zakaria, Nuclear Malaysia)

Disposal of waste is a sustainable action in the hierarchy of radioactive waste management to ensure
protection of people, health and the environment is met. Waste disposal employs a multi-barrier concept
similar to the “defence-in-depth” principle as in the nuclear power plant design. One of the methods to
dispose of disused sources is the Borehole Disposal Facility. Malaysia, with strong technical assistance from
the IAEA, embarked onto a project to develop this facility to dispose Category 3-5 sources in Malaysia. The
project started in 2011 and recently, Malaysian Nuclear Agency as the project proponent has successfully
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attained the license to construct and operate the Borehole Disposal Facility. This presentation highlights the
experiences throughout the different phases of project implementation and the next line of actions to be taken

to conclude the project.

Session 5: Introduction of MEXT HRD Program and FNCA Activities Related to the RS&RWM
Project (Dr Namba Hideki, FNCA Advisor of Japan)

MEXT has promoted two Human Resources Development (HRD) Programs and FNCA Projects. One of the
HRD programs, namely Nuclear Researchers Exchange Program (NREP), has started in 1985 and has invited
Asian researchers. Now it accepts approximately 20 researchers a year and provides many training courses
related to FNCA activities. Another HRD program, namely Nuclear Instructor Training Program (ITP)
started in 1996 and it now accepts approximately 80 researchers a year. With regards to the FNCA project
activities, Radiation Safety and Radioactive Waste Management project can cooperate with the Nuclear
Security and Safeguards project, which is focusing on building an effective international mechanism for

nuclear materials security in Asia, and promoting human resource development in nuclear security.

Session 6 & 7: Group Discussion on Consolidated Report
Member countries were divided into three groups and had a discussion on what contents should be

incorporated in order to improve the report. The results will be reflected in their consolidated report.

Session 8: Poster Session
Australia: ILW Storage at the Australian LLW Repository: Centralised Storage of Intermediate Level
Waste Benefits and Disadvantages
Australia will be providing a poster about the hot topic of Intermediate level waste storage and disposal. The
Australian Government is looking for a solution for all the radioactive waste in Australia, which includes
intermediate level. There are several sources of ILW, but the major source is ANSTO. With the low level
waste repository design incorporating the storage of ILW, there are many political and social discussion
points about storage.

® s it appropriate to have LLW and ILW together?

® s it appropriate to move this material twice (double handling) as the waste is transported to the site

and then to somewhere else in a few decades?

® As most of it is at ANSTO, is there any benefit to moving it across the country when it is safe and
secure now?
Should the material be stabilised or fully conditioned for disposal?
How can it be conditioned when we don’t know what the disposal concept is for ILW?

What are appropriate disposal mechanisms for ILW?

Is the waste safer or more hazardous than LLW?
® \What is the best way to transport ILW?

The poster will state the current state of the debate around ILW in Australia

Bangladesh: Activities of Heath Physics & Radioactive Waste Management Unit (HPRWMU)
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Various R & D activities on radiation applications have been conducted for the peaceful uses of nuclear
energy in Bangladesh. Radiation is being utilised in industry, agriculture, and medical treatment purposes. R
& D on radiation applications BAEC covers utilisation of the research reactor, radiation processing and
technology, application of radioisotopes, food Irradiation etc. To ensure the protection of man and the
environment, at present & in future, from the hazards of ionising radiations associated with Radiation Sources
and Radioactive Wastes, Health Physics and Radioactive Waste Management Unit (HPRWMU) of BAEC
conducting activities in different areas. The activities relating to Environmental Radioactivity Monitoring,
Radioactive Waste Management, Secondary Standard Dosimetry Laboratory, Radiation Protection services

throughout the country has been depicted in the poster presentation.

China: Unbalanced Development between Nuclear Energy Boom and Radioactive Waste Disposal Site
Construction in China

Since 1985, when the first nuclear power plant on the Chinese mainland, the Qinshan Nuclear Power Plant,
began construction, China has adopted safe and reliable reactor technology, and learned from the experiences
and lessons of major nuclear accidents abroad to make safety improvements. After more than 30 years, China
has achieved independent design, construction and operational capability in nuclear power, and entered a
new stage of safe and efficient development. By June 2019, China had 47 nuclear power units in operation,
ranking third in the world, and 11 nuclear power units under construction, ranking first in the world. The first
Hualong-1 nuclear reactor in the world is under construction at Fuging NPP, and it will come into commercial
operation in 2020 according to the schedule.

As the capacity of nuclear power plant has been increasing quickly, low- and intermediate-level radioactive
waste produced by reactor operation grows quickly in accordance. Timely and safe disposal of solid LILW
becomes a key factor to sustainable development of China’s nuclear energy. It will be pressing and necessary
to speed up in siting and construction of new solid LILW disposal repositories. But in fact, the siting and

construction process goes slow, while an important reason is Not In My Backyard (NIMBY).

Indonesia: Study on Inventory and Repository of TENORM Waste from Tin Industry in Bangka
Island, Indonesia

Center for Waste Management Technology, BATAN with research grant from Ministry of Research,
Technology, and Higher Education has been studying the inventory and repository of TENORM Waste from
the Tin Industry in Bangka since the April 2019. There are 4 activities in the tin industry associated with
TENORM i.e. mining, washing of tin sand, smelting, and processing of tailings from washing. In mining, tin
sand produced from the mining process has high concentration of radioactivity, but the tailing has low
radioactivity. Tin sand from mining is washed to increase the tin concentration in the sand. In this step, the
tin sand with concentration more than 70% and tailings has been produced. Tin sand and tailing has high
radioactive concentration. Tin sand is processed in a smelter which produces tin and slag. Slag has high
radioactive concentration, but tin not detected. Tailings from the washing process is reprocessed to produce
by product i.e. zircon, ilmenite, and monazite. These by products have high radioactive concentrations. This
by-product industry has solved part of the environmental problem from the tin industry, even as it seems

there are radiation protection problems for the worker. Slag from smelter is still in problem until now because
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there is no decision about the disposal. This study has been conducting the slag inventory, the potential site
for landfill, the landfill design, and the safety assessment of the landfill. The results will be disseminated to
all stakeholders.

Japan: Decontamination Evaluation and Reduction of Radioactive Waste / JAEA actions in
Fukushima

JAEAs activities of handling huge LLW after Fukushima-Daiichi NPP accident are introduced based on
JAEA brochure. In order to reduce the production of LLW, JAEA create database from the experience of
radiation monitoring, effect and cost of decontamination of various fields and materials, and geographical
data. The database is the core of the Restoration Support System for Environment (RESET). It is a support
system for decontamination planning with evaluation of effect of proposed decontamination method.
Development of reduction in the disposal amount of existing LLW using classification method, chemical

processing or heat treatment are also introduced.

Kazakhstan: Kazakhstan’s Activities on Bringing the Territory of the Former Semipalatinsk Test Site
to Safety State

Since the Test Site closure and up until now Kazakhstan in cooperation with international scientific
community have accumulated a large scope of information about the current radiological situation at the STS
and adjacent territories. The reports revealed all the important spots of radioactive contamination, identified
the main pathways and mechanisms for present and potential proliferation of radioactive substances.

The radiological situation does not remain stable; there were identified processes of radionuclide migration
which requires regular monitoring of the radiological situation at the STS.

Taking into account the scale of the Site and the variety of tests performed there, the information available
about the STS cannot be completely exhaustive but enables us to propose a scientifically grounded plan for
further research and practical measures aimed at remediation and reclamation of lands. Implementation of
such measures should return the most part of the test site lands to commercial use.

Certain areas at the STS cannot be used now and in the observable future for conventional commercial
activities. At the same time, these lands can profitably be used for bringing there enterprises of the nuclear
power cycle. Particular need in Kazakhstan exists for disposal of radioactive waste accumulated in the
country. It is therefore reasonable to establish at the STS a state facility for processing and long-term storage

(disposal) of radioactive waste.

Malaysia: Strengthening radiation safety and facilities of the National Radioactive Waste Management
Centre

The National Radioactive Waste Management has been in service for over than 30 years, and for some of its
facilities, major maintenance to upkeep the services and safe operating conditions are called for. Around
international practices, level of safety is heightened and security measures are imposed at critical installations.
Therefore, under the 10th and 11th Malaysia Development Plan, Nuclear Malaysia carried out a program to
upgrade the safety and security level of the radioactive waste management facilities as well as to meet the

increasing demand for waste management. Some of the projects under this program include construction
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of a new Interim Store, upgrading the existing Interim Store and upgrading the Low Level Effluent Treatment
Plant. It is hoped than the facilities would be able to continue running and providing service for the next 30

years without downtime.

Mongolia: Radiation Safety and Radioactive Waste Management in Mongolia

The purpose of the poster is focus on following: 1) The Nuclear Energy Commission (NEC) of the
Government of Mongolia reestablished in the beginning of 2015, under the amendment of Nuclear Energy
Law. NEC is responsible for developing and implementing the national policy on the exploitation of
radioactive minerals and use of nuclear energy, the responsible for coordination activities to ensure nuclear
safety and radiation protection, for developing and adopting safety and security regulations, and for licensing
of nuclear facilities. In addition, mention that approved national standards, regulations and guidance. 2) The
General Agency for Specialized Inspection (GASI) responsible with largely focused on the control and
inspection of the uses of radiation sources and radioactive minerals. 3) The Isotope Center, which operates
the radioactive waste management facility, for the Nuclear Energy Commission, is responsible for the safe

storage of radiation sources and radioactive wastes and safe transport of radioactive materials in Mongolia.

Philippines: Radioactive Waste Management in the Philippines: Moving Forward

The Philippines, through the Radioactive Waste Management Facility of PNRI continues to safely manage
the radioactive wastes generated in the country. Following the experiences from past projects with the IAEA
and other member states, works are now focused on the management of Category 3-5 disused sealed
radioactive sources (DSRS). From 2018 to date, a total of 87 devices been dismantled, 106 recovered 50 of
which have been encapsulated. The inventory of the wastes is also being aligned to the recommendations of
the IAEA. The Radioactive Waste Management Registry (RWMR 3.2 Web) of the agency has been adapted
and a total of 1,783 waste records starting from 1981 to 2018 have been successfully transferred to the system.
Research activities were also conducted particularly in the drum design of DSRS capsules via MCNP
calculations in order to maximize the capacity of the storage drum. There are still many challenges ahead
however, hence various future projects are being developed particularly in addressing the need for a waste

disposal program.

Thailand: Radioactive Waste Management Support Megaport Initiative at Laem Chabang Seaport
Thailand

It is an important to the security of the world that cargo shipped through the seaports is screened for hazardous
materials that can be used to make a bomb or weapon. In 2005, The U.S. Department of Energy’s National
Nuclear Security Administrative (NNSA) in cooperation with the Custom Department of Thailand installed
radiation portal monitors and alarm communication system under the Megaports Initiative (MI). The
radiation detection system started to scan and screen cargo container traffic for special nuclear or other
radiation materials in 2007.

Since the radiation detection system operated, a number of cargo containers were confined and investigations
were taken to test the emergency practices. Countermeasures on radiation protection together with source

searches and radioactive contamination survey techniques played an important role to cope with searching
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for the source with safely. With regard to Nuclear Energy for Peace Act, B.E.2559 (2016), a source found is
taken into consideration as radioactive waste. Therefore, radioactive wastes found were confined and more
details investigated at the hot zone. Success in scanning and screening the cargo container traffic for radiation
material were done several times. Amount of waste due to this task is now likely a significant source of
radioactive waste in Thailand. However, the stringent regulatory control and the effective waste management
strategy and sufficient facility should be considered to support the Ml in Thailand to achieve its mission

which serve and help protect the security, human and environment of the world.

Vietnam: A Study on a Closed-Loop Production of Coagulants and Pigments without Secondary
Wastes from Vietnam Red Mud

Red mud is the waste from alumina production using Bayer technology, which is considered to be a serious
environmental pollutant (NORM). Therefore, the study of red mud reuse and radiation safety assessment has
long been considered by scientists. In this paper, a comprehensive method for manufacturing pigments and
coagulants from Vietnamese red mud in a closed loop without accompanying secondary wastes: The red mud
was dissolved in 3M sulfuric acid at 85 ° C for 2 hours, solution was separated and used as a coagulant, the
solid residue was washed, calcined at 700 ° C for 2 hours, then used as a pigment, replacing the iron oxide
in an anticorrosive paint for steel and in a coating for road brick. At the same time, to evaluate the applicability
of the pigment for paint and coagulants the in waste water treatment with the radiation safety assessment.
Pigments for the production of paint have medium particle size of 40-100nm, uniformly distributed and have
the main components Fe?03 ~ 52.4%, used in Alkyl rust-resistant paint with a shear strength of 160 Kg.cm,
3.57 Mpa adhesion and better corrosion resistance. Product quality is equivalent to domestic commercial
paint. Coagulants for wastewater treatment are very effective: In particular, for effluent with high COD
content, it decreased from 6746 mg /| to 687 mg /| (about 90%), for sewage PO43 decreased from 56.09 mg
/1t021.00 mg /| (about 63%). The coagulant was tested at the EImich sewage treatment plant of the European
Group Elmich Appliances, and the results were achieved by the Vietnamese standard for industrial
wastewater.
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List of Participants
FNCA 2019 Workshop on Radiation Safety and Radioactive Waste Management
Project

October 1%t -3 2019
Hanoi, Vietnam

Country Name Title

Australia Mr Duncan Kemp Manager, Waste Management Services
Nuclear Operations

Australian Nuclear Science and Technology
Organisation (ANSTO)

Bangladesh Dr M. Moinul Islam Chief Scientific Officer,
(PL) Bangladesh Atomic Energy Commission (BAEC)
China Mr Qin Guogiang Deputy Director of Environmental Protection and

Radiation Safety Department,
China National Nuclear Corporation (CNNC)

Indonesia Dr Dadong Iskandar Senior Researcher,
Center for Radioactive Waste Technology, National
Nuclear Energy Agency (BATAN)

Japan Mr Wada Tomoaki FNCA Coordinator of Japan
(Coordinator)

Japan Dr Namba Hideki FNCA Advisor of Japan
(Advisor)

Japan Prof Kosako Toshiso Professor Emeritus,

(PL) The University of Tokyo
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Country

Name

Title

Japan

Mr Saito Tatsuo

Assistant Principal Engineer,

Predisposal Management Office

Planning Department

Decommissioning and Radioactive Waste Management
Head Office

Japan Atomic Energy Agency (JAEA)

Japan

Dr Hashimoto Makoto

General Manager,

Radiation Dosimetry and Environmental Monitoring
Section,

Radiation Protection Department,

O-arai Research and Development Institute,

Japan Atomic Energy Agency (JAEA)

Japan
(Secretariat)

Ms Tanida Ayako

International Affairs and Research Department,
Nuclear Safety Research Association (NSRA)

Kazakhstan Mr Yevgeniy Tur Senior Engineer,
(PL) National Nuclear Center of the Republic of Kazakhstan
Malaysia Dr Norasalwa Binti Zakaria | Unit Manager,
(PL) Malaysian Nuclear Agency
Mongolia Ms Uranchimeg Batdelger | Senior officer,
The Executive of Nuclear Energy Commission,
Government of Mongolia
Philippines Ms Kristine Marie Dacallo | Supervising Science Research Specialist,
Romallosa Philippine Nuclear Research Institute (PNRI)
Thailand Mr Nikom Prasertchiewchan| Manager of Radioactive Waste Management Center,

Thailand Institute of Nuclear Technology (TINT)
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Country Name Title

Thailand Mr Witsanu Katekaew Head of Radioactive Waste Management Section,
Radioactive Waste Management Center,
Thailand Institute of Nuclear Technology (TINT)

Vietnam Dr Tran Ngoc Toan Vice President,

(Coorodinator)

Vietnam Atomic Energy Institute (VINATOM)

Vietnam Assoc. Prof. Dr Le Thi Mai | Deputy Director,
(PL) Huong Institute for Technology of Radioactive & Rare
Elements (ITRRE)
Vietnam Mr Nguyen Ba Tien Vietnam Atomic Energy Institute (VINATOM)
Vietnam Ms Doan Thi Thu Hien Vietnam Atomic Energy Institute (VINATOM)
Vietnam Mr Le Hong Minh Vietnam Atomic Energy Institute (VINATOM)
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Program of
FNCA 2019 Workshop on Radiation Safety and Radioactive Waste Management
Project

October 1%t — 3 2019
Hanoi, Vietnam

Day 1, 1 October

0845-0900 Registration

0900-0915 Session 1: Opening
Facilitator: Assoc. Prof. Dr Le Thi Mai Huong
1)  Welcoming Remarks | Dr Tran Ngoc Toan (3 min)
2)  Opening Remarks | Mr Wada Tomoaki (3 min)
3)  Introduction of Participants (3 min)
4)  Group Photo (1 min)

0915-1015 Session 2: Introduction
(Presentation 15 min + Q&A 5 min)
Facilitator: Mr Yevgeniy Tur (Kazakhstan)
1)  FNCA Report 2018-2019 | Mr Wada Tomoaki
2)  Vietnam’s Achievements in FNCA Projects | Vietnam

3)  Project Overview and Goal | Prof Kosako Toshiso, Japan
1015-1035 Morning Tea (20 min)

1035-1150 Session 3: Country Report
(Presentation 20 min + Q&A 5 min)
Facilitator: Dr Dadong Iskandar (Indonesia)

1)  Australia

2) Bangladesh

3) China
1150-1300 Lunch (70 min)
1300-1440 Session 3: Cont’d

(Presentation 20 min + Q&A 5 min)

Facilitator: Ms Kristine Marie Dacallo Romallosa (Philippines)
4)  Indonesia

5)  Japan (Mr Saito)
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1440-1500

1500-1640

1640-1740

Day 2, 2 October
0900-0910

0910-1020

1020-1040

1040-1140

6) Kazakhstan
7)  Malaysia

Afternoon Tea (20 min)

Session 3: Cont’d

(Presentation 20 min + Q&A 5 min)

Facilitator: Mr Qin Guogiang (China)

8)  Mongolia

9)  Philippines

10) Thailand

11) Vietham

Session 4: Presentation on NORM/TENORM and Disposal of Disused Sources
(Presentation 15 min)

Facilitator: Mr Nikom Prasertchiewchan (Thailand)
1)  NORM/TENORM: Vietnam (15 min)

2) Disposal of Disused Sources: Malaysia (15 min)
3)  Brief Summary: Japan (10 min)

4)  Discussion (20 min)

Session 5: Introduction of MEXT HRD Program and FNCA Activities Related
to the RS&RWM Project

Facilitator: Prof Kosako Toshiso (Japan)

1)  Leading Speech | Dr Namba Hideki (10 min)

Session 6: Group Discussion on Consolidated Report (General Section)
Facilitator: Dr M Moinul Islam (Bangladesh)

1)  Leading Speech | Prof Kosako Toshiso (10 min)

2)  Discussion (60 min)

*Discussion will be facilitated by each leading country.
Japan/Mongolia/Philippines

Australia/China/Thailand/Vietnam
Kazakhstan/Bangladesh/Indonesia/Malaysia

*Countries written in bold type is a leading country of the group
Morning Tea (20 min)

Session 7: Group Discussion on Consolidated Report (Specific Section)
1)  Discussion (60 min)

*Discussion will be facilitated by each leading country.
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Japan/Mongolia/Philippines
Australia/China/Thailand/Vietnam
Kazakhstan/Bangladesh/Indonesia/Malaysia

*Countries written in bold type is a leading country of the group
1140-1250 Lunch (70 min)

1250-1420 Session 8: Poster Session
(Presentation 15 min)

Facilitator: Prof Kosako Toshiso (Japan)

1)  Australia
2)  Bangladesh
3) China

4)  Indonesia
5)  Japan (Dr Hashimoto)
6) Kazakhstan

1420-1440 Afternoon Tea (20 min)

1440-1555 7)  Malaysia
8) Mongolia
9)  Philippines
10) Thailand
11) Vietnam
1555-1655 Session 9: Three-year Evaluation (60 min)
Facilitator: Prof Kosako Toshiso + Secretariat
1)  Discussion
2)  Conpletion of 3 Year Evaluation Form
1655-1710 Session 10: Summary
Facilitator: Mr Duncan Kemp (Australia)
1)  Quick Check and Adoption
1710-1720 Session 11: Closing
Facilitator: Ms Uranchimeg Batdelger (Mongolia)
1)  Closing Remarks | Assoc. Prof. Dr Le Thi Mai Huong
2)  Closing Remarks | Prof Kosako Toshiso
3)  Closing Remarks | Dr Namba Hideki

Day 3, 3 October

Technical Visit to Yen Phu Rare Earth JSC, Yen Bai Province
Rare Earth Mine
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Minutes of
FNCA 2019 Workshop on Nuclear Security and Safeguards Project

November 26" — 28", 2019
Manila, Philippines

Dr. Lucille V. Abad, Chief of Atomic Research Division, Philippine Nuclear Research Institute (PNRI),
FNCA Coordinator of the Philippines and Mr. WADA Tomoaki, FNCA Coordinator of Japan, delivered the
opening remarks. Thereafter, the Workshop officially commenced.

After the Opening Remarks, the introduction by each Workshop participant followed. The 9th FNCA
Workshop had 19 participants from nine countries: Bangladesh, Indonesia, Japan, Kazakhstan, Malaysia,

Mongolia, Thailand, Philippines and Vietnam.

Following the participants’ introduction, Mr. SENZAKI Masao, FNCA Nuclear Security and Safeguards
Project Leader of Japan, moderated the adoption of the workshop agenda. The agenda was accepted by the
participants and the workshop with eight sessions was opened.

Sessions 1&2: Country Report
Moderator:
Ms. Noraini Binti Razali, Atomic Energy Licensing Board (AELB), Malaysia

9 FNCA member countries (Bangladesh, Indonesia, Japan, Kazakhstan, Malaysia, Mongolia, Philippines,
Thailand, and Vietnam) presented their country reports that included the updates on the developments and
improvements since the 2018 Workshop regarding the implementation of safeguards and nuclear security,

the promotion of nuclear security culture and capacity building activities.

All countries reported close cooperation with international or regional organizations and other countries, to
strengthen nuclear safeguards and security capacity building. Almost all countries have implemented
activities to complete their respective nuclear security and safeguards regime through bilateral and

multilateral cooperation with the IAEA, other countries and organizations.
The consolidation of the country reports is covered in Session 6 of the Country Report Summary.

Session 3: Report and Discussion on Nuclear Forensics (NF)
Moderator:
Ms. Maria Teresa A. Salabit, Philippine Nuclear Research Institute (PNRI), Philippines

Presentations were delivered by Japan and Thailand
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Mr. KIMURA Yoshiki, Integrated Support Center for Nuclear Nonproliferation and Nuclear Security, Japan
Atomic Energy Agency (ISCN/JAEA), Japan

Ms. NORO Naoko, ISCN/JAEA, Japan

Dr. Areerak Rueanngoen, Office of Atoms for Peace (OAP), Thailand

I. Report on the Table Top Exercise (TTX) on NF during the Regional Training Course on Nuclear
Forensics sponsored by ISCN/JAEA
Mr. KIMURA discussed the NF Questionnaire provided at the Regional Training Course (RTC) on Nuclear

Forensics held on January 2019 and sponsored by ISCN. He explained the purpose of the NF Questionnaire
for the Tabletop Exercise on Nuclear Forensics is to share information among the FNCA Member States
about the current status of NF national capability and identify the needs of the current activity within the
framework of FNCA.

The RTC on Nuclear Forensics was attended by 16 participants from 12 countries involving technical experts,
regulators and others, everyone answered the NF questionnaire. The course content included lectures and
tabletop exercises and facility tour of ISCN. The summary of the NF questionnaire showed the challenges in
the area of NF framework, NF laboratory and NF interpretation of the findings. On this basis, the RTC was
a success. Office of Atoms for Peace, Thailand, dispatched an expert to ISCN for two months to contribute

to the course material development.
Next Step — Hands-on Exercise on Nuclear Forensics to be held in Thailand on May 2020.

A question was raised by Bangladesh regarding the communication channels for the Letter of Invitation on
the training courses. The concern was addressing the flow of notification reaching the target audience and
interested countries for participation. The issue will be further discussed internally by the sponsoring

organization.

11. Presentation on the Outline of Short TTX in this workshop

Ms. NORO provided a brief description on the Short tabletop exercise scheduled for 28 November.
Details of the tabletop exercise were not disclosed in the presentation so as not to pre-empt the scenario.

111. Presentation on the plans for the Hands-on Training Exercise on Nuclear Forensics (2020)

Dr. Areerak presented the plans for the Hands-on Training Exercise on Nuclear Forensics to be held in
Thailand in May 2020. She provided background information on NF in Thailand. She also discussed the
course structure of the NF training course for May 2020 which is similar to ISCN modules: Lectures,
Interactive TTX and sharing information and good practices on NF.

Session 4: Report and Discussion on Good Practice of Additional Protocol (AP) Implementation
(Effective Capacity Building Development based on Good Practices from the AP Implementation)
Moderator:

Dr. Abid Imtiaz, Bangladesh Atomic Energy Commission (BAEC), Bangladesh

Presentations were delivered by Kazakhstan, Mongolia and Thailand
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Mr. Alexandr Ossintsev, National Nuclear Center (NNC), Kazakhstan
Ms. Gerelmaa Gombosuren, Nuclear Energy Commission (NEC), Mongolia
Dr. Areerak Rueanngoen, Office of Atoms for Peace (OAP), Thailand

In this session presentations on Good Practices of Additional Protocol (AP) Implementation were delivered
from Kazakhstan, Mongolia and Thailand. This was followed by a round table discussion with a presentation
from Ms. Perpetua Rodriguez of ISCN/JAEA on the results of the Survey on good practices of AP

implementation.

The FNCA Members have agreed on the next step proposal with reference to the final report of the survey
conducted: the first draft is expected by the end of March 2020; comments are expected from the Members
by the end of April 2020 (with a possible extension of 2 weeks); final draft is expected to be prepared by the
end of May 2020 and the final review by the end of June, 2020. The report on good practices will include

lessons-learned while maintaining confidentiality of information.

In parallel the FNCA secretariat will seek the IAEA procedure/requirement for the publication of the final
report as an IAEA information circular (INFCIRC).

Session 5: Special Lectures

Moderator:

Ms. Gerelmaa Gombosuren, Nuclear Energy Commission (NEC), Mongolia
Presentations were delivered by Japan and the Philippines

Prof. UESAKA Mitsuru, the University of Tokyo, Japan

Ms. Maria Teresa A. Salabit, Philippine Nuclear Research Institute (PNRI), Philippines

l. Presentation by Prof. Mitsuru Uesaka

Prof. UESAKA presented experience on Nuclear Human Resources Development in Japan (JN-HRD). The
JN-HRD Net was first established in November 2010.

The number of participating organizations is 71 as of September 30, 2013. Network steering committee
meeting was held twice a year and it has discussed the network activity. The aim of JN-HRD Net is to share
information on nuclear HRD and limited resources, to promote national / international cooperation on nuclear
HRD, to improve effectiveness and efficiency on nuclear HRD activities, and to establish a consistent HRD

system or program.

He presented about the strategy development practices and how to set the task for each sub-WG including

the collection and examination, and result and evaluation of the activities.

There are 4 Sub-WG covering elementary and high school education, basic nuclear education at universities

and colleges, support to newcomers on nuclear power and HRD for internationally minded engineers.

The purpose of these 4 sub-WG purpose is to lead the school children to have interest on nuclear energy,

promotes students to have interest on nuclear engineering subject, to provide a unique international
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educational experience for promising young professionals from newcomer countries seeking to develop

nuclear power and to implement a virtual nuclear management university.

He concluded his presentation describing the composition of Japan N-HRD Network consisting of members

of Governments, Industries and Academia to support nuclear HRD for students, engineers and foreign people.

It was a good experience for Japan to share the experiences of Network to FNCA member states. FNCA
member states will establish National Stakeholder Network for HRD.

I1. Presentation by Ms. Maria Teresa A. Salabit

Ms. Maria Teresa A. Salabit presented the Philippines’ experiences on the security of radioactive sources.

She briefly presented the importance for establishing an appropriate and effective nuclear security regime for

enhancing the State’s, and thereby global, efforts to combat nuclear terrorism.

Portal Monitors were installed in ports of Manila for terminal operators and Port for Cebu for port authority.
Mobile Detection System used by the national police in 2014. Philippines has actively cooperated with the
Global Initiatives to Combat Nuclear Terrorism (GICNT), Global Partnership Against the Spread of Weapons
and Materials of Mass Destruction and Nuclear Security Summit.

They are integrating with other stakeholders like the National Security Council, Philippine National Police,
Armed Forces of the Philippines (Phil. Army, Phil. Airforce), Bureau of Customs, National Coast Watch

Center and Port Authority (Cebu and Manila) addressing major public events.

She concluded her presentation with nuclear security culture needs to be enhanced through continuing

awareness program in the facility.

Session 6: Country Report Summary

The compilation of the country report summary (from Sessions 1 and 2) was presented by Ms. NORO Naoko
(ISCN/JAEA). Edits and comments were received and incorporated in the country report summary. The
Summary is attached to this report as “Country Report Summary.” The updated Country Report Summary
will be posted on the FNCA website.

Session 7: Future 3-year plan of Nuclear Security and Safeguards Project

Moderator:

Mr. NAOI Yosuke, Integrated Support Center for Nuclear Nonproliferation and Nuclear Security, Japan
Atomic Energy Agency (ISCN/JAEA), Japan

Mr. SENZAKI Masao, Project Leader of Japan, started his presentation by showing the results of the survey
for the future 3-year plan of this project.

1. Future Direction for the Project

1) Background
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= Promotion of peaceful use of nuclear energy in FNCA member countries. Preventing the treats of
nuclear terrorism.
= Contribution to the Post-Nuclear Security Summit (NSS) process to continue with international
leadership, promoting implementation of the commitments made during the NSS (four NSS
Communiqués, the Action Plans, national commitments and associated joint statements, others).
= Promote the IAEA International Conference on Nuclear Security (February 10-14, 2020)
= Implementation of the resolution (FNCA’s MLM)
2) Resolution (or Communiqué) of Ministerial Level Meeting (MLM Joint Communique of 19th MLM
(December 6, 2018)
Recognizing the urgent need to reinforce nuclear security, including nuclear forensics and cyber security in
nuclear facilities, through adequate preparations that deal with such potential risks as: terrorism threats and

other critical security issues for the member countries,

Decided to work toward: (Themes and activities to be promoted)

Furthering the activities prioritized in general by the member countries related to the application of nuclear
science and technology particularly in such areas, nuclear security including nuclear forensics and cyber
security, and HRD for nuclear safety and security culture which are universal concerns of the member

countries

2. Outline of Next 3-Year Plan

The following fields may be recommended as the next 3-year plan.

1) Nuclear Security: nuclear forensics, cyber security, insider threat, nuclear security culture, transport
security of radioactive sources and nuclear material
2) Safeguards: Additional Protocol, safeguards implementation (small quantity of nuclear materials, etc.),
others
3) Common for security and safeguards:
= Capacity building (HRD, others) under COEs: workforce planning, development of HRD plan in
specific to the capacity building of staff, training for safeguards inspectorate (CSA, AP), train the
trainer for nuclear security development (cyber security, radioactive transport, security culture)
= Nuclear safety and security interface
= Emerging technologies and the digital age (Al, social networking, big data, others)
4) Open seminar for specific items requested from the WS host country, including International collaboration
with IAEA, APSN, others
5) Support and Collaboration from Japan’s Authorities (CAO, MEXT, NRA, MOFA, ISCN/JAEA, others),

Relevant Authorities of FNCA of member countries, and International Organization (IAEA, others)

Session 8: Concluding Session
Summary of the workshop was presented by Ms. Perpetua Rodriguez (ISCN/JAEA). She informed that the

summary will be provided to the participants for confirmation of its contents by electronic mail.
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Mr. SENZAKI Masao, Project Leader of Japan, concluded the workshop by providing a summary of what
had been discussed and the proposals that were made. He encouraged FNCA members to provide ideas of
possible projects that may be undertaken for the future. He also delivered the closing remarks, as the FNCA
representative and expressed the appreciation to the Philippines for hosting the workshop for 2019. He

announced that Thailand will be hosting the 2020 workshop.

Dr. Lucille V. Abad, Chief of Atomic Research Division, PNRI, FNCA Coordinator of the Philippines,
affirmed the Philippines’ commitment in the FNCA project of Nuclear Security and Safeguards. She
encouraged collaboration among FNCA members to achieve the objectives of this project.

After the delivery of the closing remarks, the Workshop was officially closed.
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2.7.2 NSS &mEU X+

List of Participants
FNCA 2019 Workshop on Nuclear Security and Safeguards Project

November 26" — 28", 2019
Manila, Philippines

Country Name Affiliation
Bangladesh | Dr. Abid Imtiaz Chief Scientific Officer & Head
(PL) Nuclear Safety Section, Nuclear Safety, Security and
Safeguards Division, Bangladesh Atomic Energy
Commission (BAEC)
Indonesia Mr. Khairul Senior Nuclear Security Officer, Center for Informatics
(PL) and Nuclear Strategic Zone Utilization, National
Nuclear Energy Agency (BATAN)
Kazakhstan | Mr. Alexandr Ossintsev Head of Department of Non-Proliferation and Security
(PL) Control, National Nuclear Center of the Republic of
Kazakhstan (NNC)
Malaysia Ms. Noraini Binti Razali Assistant Director
(PL) Policy and External Affairs
Atomic Energy Licensing Board (AELB)
Mongolia Ms. Gerelmaa Gombosuren | Senior officer of the International Conventions and
(PL) Treaties, Nuclear Energy Commission Government of
Mongolia
The Mr. Nelson P. Badinas Officer in Charge
Philippines

Nuclear Safeguards and Security Section Nuclear
Regulatory Division, Philippine Nuclear Research
Institute (PNRI)
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Country Name Affiliation
The Ms. Maria Teresa A. Salabit | Science Research Specialist I, Nuclear Safeguards and
Philippines Security Section, Nuclear Regulatory Division,
(PL) Philippine Nuclear Research Institute (PNRI)
The Mr. Nelson P. Badinas Nuclear Safeguards and Security Section, Nuclear
Philippines Regulatory Division, Philippine Nuclear Research
Institute(PNRI)
Thailand Dr. Areerak Rueanngoen Nuclear Chemist, Security and Safeguards Technical
Support Section, Regulatory Technical Support Division
Office of Atoms for Peace (OAP)
Vietnam Mr. Can Viet Tuan Officer, Nuclear Security & Safeguards Division
Vietnam Agency for Radiation and Nuclear Safety
(VARANS)
Japan Mr. Wada Tomoaki FNCA Coordinator of Japan

(Coordinator)

Japan Mr. Suzuki Tetsu Deputy Director
(MEXT) Office for Nuclear Non-Proliferation Science and

Technology, International Nuclear and Fusion Energy
Affairs Division, Reearch and Development Bureau,
Ministry of Education, Culture, Sports, Science and
Technology (MEXT)

Japan Mr. Senzaki Masao President of Japan Chapter, Institute of Nuclear Material

(PL) Management(INMM), Former Senior Adviser, Japan
Atomic Energy Agency(JAEA)

Japan Prof. Uesaka Mitsuru Professor

Nuclear Professional School, School of Engineering

The University of Tokyo
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Country

Name

Affiliation

Japan

Mr. Naoi Yosuke

Director

Integrated Support Center for Nuclear Nonproliferation
and Nuclear Security (ISCN), Japan Atomic Energy
Agency (JAEA)

Japan

Ms. Noro Naoko

Integrated Support Center for Nuclear Nonproliferation
and Nuclear Security (ISCN), Japan Atomic Energy
Agency (JAEA)

Japan

Ms. Perpetua Rodriguez

Integrated Support Center for Nuclear Nonproliferation
and Nuclear Security (ISCN), Japan Atomic Energy
Agency (JAEA)

Japan

Mr. Kimura Yoshiki

Integrated Support Center for Nuclear Nonproliferation
and Nuclear Safety (ISCN), Japan Atomic Energy
Agency (JAEA)

Japan

Ms. Takano Atsuko

International Affairs and Research Department
Nuclear Safety Research Association (NSRA)
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Program of
FNCA 2019 Workshop on Nuclear Security and Safeguards Project

November 26™ — 28" 2019

Manila, Philippinesorkshop Day 1: November 26, Tuesday

9:30-10:20 Opening remarks by:
Dr. Lucille V. Abad, Deputy Director, Philippine Nuclear Research Institute
(PNRI), FNCA Coordinator of the Philippines
Mr.Wada Tomoaki, FNCA Coordinator of Japan

Introduction of Members

Adoption of the Agenda

Group Photo

10:20-10:40 Coffee Break

10:40-12:00 | Session 1: Country Reports |
< Moderator: Malaysia >
Bangladesh
Indonesia
Japan
Kazakhstan

Malaysia

12:00-13:40 Lunch Break

13:40-14:40 | Session 2: Country Reports Il
< Moderator: Malaysia >
Mongolia
Philippines
Thailand

Vietnam

14:40-15:00 Coffee Break

15:00-16:30 | Session 3: Report and Discussion on Nuclear Forensics
< Moderator: Philippines >
€ Presentation:

Japan

Outline of short TTX in this workshop

Thailand

€ Discussion
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Workshop Day 2: November 27, Wednesday

9:00-10:40 Session 4: Report and Discussion on Good Practice of Additional Protocol (AP)
Implementation (Effective Capacity Building Development based on Good Practices
from the AP Implementation)
< Moderator: Bangladesh >
€ Presentation:

Kazakhstan

Mongolia

Thailand
4 Roundtable Discussion

Results of the Survey of member countries

Discussion: further actions, next step

10:40-11:00 Coffee Break

11:00-12:10 | Session 5: Special Lectures
< Moderator: Mongolia >
Nuclear Human Resources Development in Japan

Security of Radioactive Source, Philippinesa

12:10-13:30 Lunch Break

13:30-15:00 | Summary Drafting

15:00-15:20 | Session 6: Country Report Summary

15:20-16:00 | Session 7: Future 3-Year Plan of Nuclear Security and Safeguards Project
< Moderator: Japan >

Presentation: Mr.Senzaki Masao, Project Leader of Japan

Discussion

16:00-17:00 | Session 8: Concluding Session

< Moderator: Indonesia >
Lead Speaker: Mr. Senzaki Masao, Project Leader of Japan
Summary and conclusions

Next workshop

17:10-17:20 | Closing Remarks

Mr. Senzaki Masao. Project Leader of Japan

Dr. Lucille V. Abad, Deputy Director, Philippine Nuclear Research Institute
(PNRI), FNCA Coordinator of the Philippines

Workshop Day 3: November 28, Thursday

9:00-12:00 Special Event: Short TTX on Nuclear Forensics
€ Facilitator: ISCN/JAEA, Japan

12:00-13:30 Lunch
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Workshop Day 3: November 28, Thursday

13:30-

Technical Tour (PNRI)
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Nuclear Energy Agency (NEA)
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International Relations Officer,

United States Nuclear Regulatory Commission
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