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REFERENCE SHEET

CERTIFIED REFERENCE MATERIAL

IAEA-330
RADIONUCLIDES IN SPINACH

Date of issue: May 2009

Certified Quanfity: Msssic Activity
(Based on dry mass)

Reference date for deeay correction: 15 October 2007

Radionuclide C cngz'y:g\'v:alm. Un;qcr;a;gty
K 1188 30
*Sr 20.1 2.1
e 1235 35
>y 1.02 0.07
ey 095 0.05
v 13 of 25 3 Mo mivnde! mecdian Baved standard dov atson S{MM-oudunty 31 95 % confidence kevel 1 2.

W

The certified values listed above werce established on the basis of results reported by the IAEA
Terrestrial Environment Laboratory in Seibersdorf, Austria. Five expert laboratories from Finland,
| lungary. Republic of Korca and Portugal analysed the IAEA-330 spinach material. Each labora-
tory received three bottles, and was asked 10 determine the measurands of interest in cach bottle.
The obtained results from the expert laboratorics were ased to confirm the JAEA reference values.
In total 30 and 15 bottles were analysed in the Terrestrial Environment Laboratory and expert
laboratories respectively during the characterisation campaign of the spinach material. The IAEA
derived reference valucs were in good agreement with the expert laboratorics results.

Deseription of 1 fal

The material was obtained from the “Viadimirovka™ collective farm, Polesskoe, Kicv, Uknaine in
surmnter 1990. The material was air dried and milled to less than 0.35 mm by the Brjansk Centre
for Agricultural Radiclogy and Chemistry. 100 kg of the bulk maierial was recombined and
homogenized at the IAEA Terrestrial Environmert Laboratory by mixing the powder in a 300 liter
drum for 72 hours. The material density was measwed in 13 test portions and found 10 be
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sUi en. 2 Toyaansuiasguiu IAEA-375

f ’g International Atomic Energy Agency
P Analytical Quality Control Services
s/ & Wagramer Strasse 5, RO.Box 100, A-1400 Vienna, Austria

REFERENCE SHEET

REFERENCE MATERIAL

JAEA-375

RADIONUCLIDES AND TRACE ELEMENTS
IN SOIL

Date of issue: January 2000°

(Based on dry nr‘:ighl)
Reference Date for decay correction: 317 December 1991
.
Radionuclide Recommended Value 95% Congcz;e Interval N*
K 424 417- 432 84
"Sr 108 101 - 114 43
"Ry 56 53-58 2%
Hgh 77 74-79 38
i | 0.0017 0.0013 - 0.0021 10
(o 463 454 - 472 87
WCs 5280 5200 - 5360 91
Ra 20 18-22 37
b 1 20.5 19.2-219 n
Recommended Value 95% Confidence Interval

Element 3 me/kg N
T s.2 50-54 2%
U 1.86 1.66 - 2.05 30

. Nurmther of accepted laboratory means which were ssed 1o calculuse the recommended volwes wnd confidence
infervals.

b Revision of the reference sheet dated December 1997, originul report date: August 1994
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Ra-226 Th-232

= 241.87+ 1.43(308.11) + 0.077(183.21)
= 696.57Bq / k¢
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D=0461A, . +0608A +00817A

Ra-226 Th-232
=0.461(241.87) + 0.604(308.11) + 0.0417(183.21)

=1305.24nGy / h
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E = (DX8760X0.2X0.7)X10 )
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mMyinreinaddvsitlaadmngiumsd (“Ra, 7 Th, “K) vosireiindiaq
fifuamd sunaorw Sawinezan
Analysis of Radionuclide (~‘Ra, ““Th, “K) in Plants at Tache Sub-district
Yaha District, Yala Province

s Tnews' wreing ufivity’ Doz dndn’ qund vined’ swng $radou’ uazens Gede’

Mizan Tophong', Pungtip Keawtaptim', Piya Phansuke', Sunaree Bordeepong'

Sommai Changkian~ and Udon Yangchui®
‘v Ay inkurcund maTrtimeiniant s e wmanisaaneiulad wimendcassaruniunt Inuseiisent e 94000
5168 w ¢ wilrusdzTnas dmancs Sunansy gl 3120
FowfiRmvizendc soriunalulaiinduinknd Savmamrrs) amunen 26120
*spplied Physics, Deparimern of Science, Faculty of Science and Technology, Pince of Songkla University
Paitarn, Thaland 8000
'58/168 Moo 1, The Valley Willage, Kathu Sub-distrct, Katiws District, Phuket, Thadand 31200
’Nuda Laboeatory, Thadand insditule of Nucleas Techinology [TINT}, Kakhort Nayok, Thadand 26120
“Conespondmg author: punetip kgpsu ac.th

uninga

FasrendSunuinlrasiuiundlufiv Usenauie Liduan Fergudiu wacliny Afuanid
gumevewt Imipesan Indliszuunwimsiewiidunan ot meoiiminuimig nuhfvnaudu i
Vinmansisiussd “*Ra gean fie 27.26+522 Bo/kg LidamandirUhinuaniishmssd “1h uaz "k
F9an A9 42.8316.19 uaz 788362768 Ba/kg andwu dwiusmiuiusfiduaden (Ra,) Ariuiina
Aveisdvinmulu (4,) uasAmBurnd@Alisurmmeueniimo=itl € mei Tufoia 3 ngu Sdwni
wasinasg dudwsiimmdssfddammouan (H,) uarmdnsrFinuidumarmandu (0) vas
Wisgndmasrinnamhmsgnudivioagy saclipdidwinidinsg iy Ssmnassuondiualag
UNSCEAR, 2000
fdwy:  laadiaiunisd Wan Roagudy Tny duamd drnewew

Abstract

Analysis of plants radionuctides were ncluding 3 grotips; herbaceous plant, mulching and
shrub at Tache sub-district, Yaha distict, Yala province by using gamma specamatry system with
High Purity Gesmanium detector (HPGe). The result showed that the highest Ra of mulching was
27261522 Baykg, Both the “Th and “K of herbicides were highest, 42.83+6.19 and T88.38:27.68 Bayke,
respectively. For radium equivalent activity (Ra,), mtemal hazard index (H,) and annual external
effective dose rate (E) of all 3 group plants were below the limited but muiching and shrubs were
below than limited. The limited vaiues were set by UNSCEAR, 2600

Keywords: radioactive, Herbaceous plants, mulch, shrubs, Tache sub-district, Yaha district
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Wydulahauind rifezgaarsiniunisddiluarmilus g vordwu wazide mu vis dnf vilnn
Fdanan anfshmidfiunaaluinmetesmmiodn) nnodwnddemns Saesilinm
ferudswonsléfuanifuazaniuduanedagumm ifassinashsiumdadiiusuas syl
symamsimiomidor dolafufidseiliaduenislaslulsianudows viemdanmeteeuls
usvrmsdmanlild lidnsuasiosouyed (1358m, 2550) veninimidnLAAlUM RepAas
fusiundsBl68 annsahlislumsaanisuuiiovsesatsiuiunadld nisanUsuiamisiuiiunss
Avmwangiswiiduiy fa meurnieseiy diineansuulouosnsiuiueidnligien
Lisutou sunmamumisluduedailashireduyowlinolusimann Suthanellaimedanwiis
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1. 589 qUmnl uazmsied

1.1 5135 E ZIP Ref. No 1692-6 insslunfumdinnaioua 1 L Smmmuiutiariniy
1 ¢/L vosu3tm Eckert & Ziedler Isotope Product

1.2 pmevssamsnaiuadinnes (Marinelli beaker)

13 iehaduvusohinisndand (High puity germanium detection; HPGe)

1.4 wlofimmidgg iauuumetes (Multichanel Analyser; MCA)

L.5 ssrumsiaianomvuwnsarawnlasamd (Gamma Vission - MCB 129)
2. SumpUIAUFIBE uarBmsSwsmiboya

2.1 i 12 siin sedu 330 wazly emuazem mnuanliiuds Wulidoun
35 on. whusRkirme faimin Taudn uazililinsy 1 @Wou Relsaunannisd deutlinsdd
wmin

2.2 yimsusuisummidaiussewinamiuimsas (Channel number) Mumdsnutasdsdumm

2.3 marsufund dnimés uasdrata Wien 50,000 s

2.4 Fnavstanfundsdinmssmu £ ZIP Ref. No 1692 laulgiaa 50,000 s

2.5 imnuwislsEAndmmrsaiTInisduuy HPGe ynaunTs
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2.6 Fmnumiafunnnisdvesiiotehe

2.7 himyevivoandssuvefdumarulusinyuduSagy Gamma Acquisition & Analysis Tugy
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Figure 1 Sample spectrum in plant
2.8 AfaniumisdymsiAn (Ra,, )y mldsnaunm
Ra_ =A,, , +143A, . +O00TTA,
Wurdriiuanmuiusddndunomdeduiiamilldgnimuetunimoliiudunures

Aishmmmiwizees PR Kuaz U-238 Samniodnolidus wioiiiu Tny Ra,, fdTbirmsi
370 Bayke rmunlag (UNSCEAR, 2000) Alinsfine wut Z*Ra Sfuiunmms a1 Bo/ke wliBanen
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fadrnn S diiouitres muuamwidtes “Th# 143 Bokg wazmmsiuanmisdves K 0.077
Bo/kg
29 wimrmdsddnanisuen (H,) weekriianuded@anaoly (H,) wilkmauns

H =Aﬂa7).4 +A'!"{3k +AI»Q‘;
" 370 259 4810

A

H =Aﬂ‘u'&+ Th 37 +AI4‘»‘

" 185 259 4810

fo AnndsdRs wmelsdudusstorinavdsidindsdfoglusssumd laoMofusss@niumy
WS vdnlmgsnfumniusiadunnn dof Hae- Ha<l samrnBuusidanudvsdsdnnmevenis
fourrmuesAd 69 Ho= H= 1 warrmelASunas @amniuiniu 15mGyy uazih M H,= H> 1
sanrihamesdldiuduasusnmeusn mnemnidsiaiegseuq Mslimshuilflunisdudy
HmSorvanidss

2.10 AvdmsninaSdumnngandu (0) wildanaums

D=0461A,, ,, +0604A, . +00417A

dmyfaridumanganiu fnasieusdumsllmansioiesidteansinniinuld 4
Taimmiiu 55 nGy/h
211 At dilffummmeuanimess$T (6 wilFnnaums
E(mSv / y) = D X8760h X0.2 X0.7 %10 *

vainusdumantuammdurmBinas @iwsiysmaluliiniclinauensmmiidanhana

20% vasnaniavuety 1 3 Fslimaiu 0.48 mSvry

Han1yivy

4.1 RuwamsAmenBinaamsidmied r, 2 uar Kluiretheiiy
Tumstnenfsiflauimimfoumoondu 3 ndu Ao 1Fkuan Usznoude amiTos (Togetes spp)
Tmunld (Bidens pitosa) amsmiadn (Datura fostuosa LY wewsTaunem (Molineria (atifolia Herb, Ex Kurz)
il (Setario Paimifolia Stapf) wiiulless (Pennisetum purpureum) S (pomoea batatas) éinns
(Diplazium esculentum) wiudnasu (Chrysopogon zizanicides) waraude (Eupatoriurm odoratum L)
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Fenquay Usznauiie a3 (Calopogorium coeruteum Suav) uazliy Ysznauie 15dlniiie
” . P - - o s 5
(Heliconia spp.} mannmidniimoazidon Awialuil

Table 1 Amount of radicactive material in the plant sample

Sample 2 (Ba/kg) “Th (Bayke) *K(Ba/kg)
Herbaceous Plants 26.7815.03 42.8216.19 788.38127.68
#ulch 27264522 19.6614.43 574.60+£23.97
Shrubs 10.10+3.18 13.50+3.67 391.51+19.79

40
b
sl B
ZEo e
f Hebaceous Mulch Shorotes

Plarsts
Plant Semple

Figure 2 Amount of radicactive *a

Activity K-40

Reure 4 Amount of radioactive %

PnnmAmsSnum s idEluR et RN 12 e mrihsemdemBuumsiuiunisd
3¢ “Ra gaqn A 27.26 + 522 Boyke WikuandidrBuuarsfuliunsadvos “Th waz “k aeqm Ao
4282 + 6.19 udz 788.38 = 27.68 Bo/kg mudiu
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4.2 driuiunSdyasi@on (., fdsianudsdidammoven o1, uazfeiiarudeddan
mlu o4, ddarnasdumanaanay ©) uasAnBinad@RlETunmeusnitny
Uszdd (®

Table 2 Amount of Raeq (Bg/kg), H,,, Hy,, D (nGy/h) and E (mSv/y}

ndsrivy Raeq to [ Hex Ha pt T (nGy/h) et I (mSvry)
(Bq/kg) | to to
Herbaceous Plants 148.72£11.09 1.03£0.99 0.4740.67 | 7091+8.23 0.09£0.29
i: Mulch 99.62+9.98 0.71+0.84 0341659 i 48.3216.95 0.06£0.24
iﬂl_‘)s_ 59.55¢7.72 0.6720.82 0191043 ! 2908+5.39 0.04:20.19
00
g 208 oy
l ] - . im ey »’/\:/;/J c
Herbaceous Mudch Shrubs UNSCER 2000
Plants

Pant Sample

. Figwe 5 Amount of RadiLm equivalent actwity

1.500
1.000 ——
) L L t =
0008 | WHn
Herbaceous Plants Hl.ulr.h Stwubs UHSCER 2000
Pt Sample

H,and R,

Figure 6 Amount of External hazard ndex and Internal hazard index

0 (nGwh}

Hestraceous Aarves Muldv shnbs UNSCER 2000

Figure 7 Amount of Absorbed dose rates in air
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’guo

£ o2

-

¢m.-.- ouln
Herbaceouws Mants  Mubch Sheubs URSCER 2000

Part Samyie
Fgure 8 Amount of Annual external effective dose rate

VI SANY TN Ra,, (Ba/ke), He, Hy, D (nGy/h) waz E (mSv/y) Tuiiai1eis nuisay
Ralpg (Baykg), H,, warz E (mSv/y} ianimnasnrasgufiimus f H,, wazey D (nGy/h) vadiaugrdin-
ganfunmeininigiu A 1.034099 uar 70.91¢8.23 nGy/h miudy Fesquduuarlimidifdhmiie
1wy Bsrmnmsgrugnimunlay UNSCEAR, 2000

JesainamiIse

wasmTRmthnaasiniumsifluhatsis dailufunmeas wenindSedug wuie
Uszianliidnan Arvivaarsfudunisdoss 7°Ra, “Th waz “Kk fidrganin dnfin-ulé
Vzinn Malysia (Mayeen et ol,, 2016) Frsaumivaaudu smvhnaarsiuiundsdess ZRa, “Th uas
K DAsganRod sy 510amG (Keewtubtim et al,, 2017) uABiAMniuea Ysznm Serbia
(Dragovic et of., 2010). uazfmszumlingy AmBuumsfuiuisdues “Ra, T uaz “K fimgenhive
Usenn Serbia (Gorica et of., 2016) usiirwinivsthmewu avillami (Kaewtubtim et of., 2017) kaz
OIS 3 3UMS B IR 1D RMMss Y @ M DaNI= U143 (Nejed et al., 2003)

#jUnan 1INy

warnmMyarnBinnasfsiundifluiod it nuinBuwmsiuhmisdves “Ra, “Th
war “K wudr Winaansiuiunisdves “Ra Tngegalufonquiy Liduan wacliy GAndu
27.7845.03, 26 26£5.22 uaz 10.10¢3 18 Bo/kg Wiumansiudundidves “*Th frngegatulifugn
fonau warlingy fiamihy 02821619, 19.6624.43 uaz 13.50+3.67 Boyke uarUimuasmnrumiadves
K frrgsqnlilsiduan oaau uadliny SAnly 788.38+27.68, 574.60+23.97 uax 319.51£19.79 Beyke

dmiuuamsBnuiing Ra,, ), He, H, D (nGy/h) kag E (mSwy) lukmainahs nudm
Ra, Bo/ke) SimgsaaluliAugn Fmgudy uadlingy fikui 148.72211.90, 99.6219.98 uax 59.5517.72
Boykg audwiu A1 H,, Smasgaluliduan fosqu uarlivy SAuily 1.03£0.99, 0.71+0.84 uaz
0.67+0.82 amudwiy # H,, TAgeaslulifuan Reeau wazliniy SAndu 0.4710.67, 0.3020.59 wac
6.19£0.43 @y M D (nGy/h) inasaniuliidugn Hosau wazling finnly 70911823, 48.32+6.95
UaT 29.0825.39 nGy/h A md IRy uard E (mSv/y) idrgagalulidvan Fenan wazliny ifndu
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0.09+0.29, 0.060.26 uaz 0.040.19 mSv/y MWFRY WUTHT Ra,, Ba/ke), H,, uaz E (mSv/y) fidmin
INIIASETUTIMWLA M H,, uazAn D (nGy/h) medlidugniisgsnnusiumasiu #o 1.0310.99 uas
70.9148.23 nGy/h amidy Fymauduuasliuimmnidmuinsgiu Sarumssiuonmmunlay

UNSCEAR, 2000 Aefuasuli mrsiialiiduanidnummldsmiamsvudovarsiuimisdlsanan
finfnssdsznw

i wasles dasnlésummungan Huwds uaslinBnwsedte 9in
AErumanssd as.wasiing uifuiy e1rsiivineranddo verevquamumaluladinedes
Wi (asinsumry) Alimuayansieiodiodwiuss1viedsd vavounm s ans fitw fuugh
mlfindadio vavaunm wa. nAnd iAusgIssal wazmsoundy Mooimdaluntfudias wandaiio
aonivhuamaaes §isoveveunanluivgan o i
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