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ABSTRACT

Thorium isotope is a radioactive element in nature that contaminates in soil
from an application of phosphate fertilizers by farmers. The consumption of food
containing contaminated plant material can cause cancer. This research aimed to
develop a simple preparation process using a radiochemistry technique for an analysis of
Thorium isotopes in soil with Alpha-spectrometry in order to separate Thorium isotopes
effectively.

The developed analysis process of Thorium isotopes in soil was composed of 3
steps. Firstly, Thorium isotopes were extracted from a soil sample by using certain acids
one at a time. Secondly, purified Thorium isotopes were separated by AG 1-X8 Cl resin
to exchange ions of Thorium from the solution. Lastly, an electroplating of Thorium
isotopes was sealed onto stainless plates with Ammonium oxalate and Ammonium
chloride and then measured for radioactivity of Thorium isotopes by Alpha-spectrometry.

The findings revealed that the developed analysis process for Thorium
isotopes in soil by radiochemistry resulted in a better separation of Thorium isotopes as
well as the safety of the analyst. In terms of the separation of purified Thorium isotopes,
a small amount of the soil sample was used and more efficient electroplating of
Thorium isotopes was shown. Thorium isotopes were separated from other interference
elements accurately, precisely and validly. Moreover, Alpha-spectrometry detected a
small amount of Thorium isotopes. The limit of detection and the limit of quantitation

revealed a relatively low value of 0.16 Becquerel per kilogram.

Keywords:  Thorium isotopes, Thorium analysis process, Thorium in soil, Alpha-

spectrometry
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1.3.1 Wauinszulaunmsiaszibalalnunaseuludumamaiadanilssd lnewnsod
Aeszsiwearauninsuns
1.3.1.1 WaUIdUABUNISANALENNDLI8UaBNANNGIB8 19Ul TSNS pe MY
1 aa
NIALAALID
1.3.1.2 Wanduneuniswentelelnunasenuigrsmensldsuusasyin
1.3.1.3 Waundusaunsuinlalalnunassunionseha iNasuu bk uawnu

laaseaTazanedlaninslas
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1.3.2 nageuandlylavesnssuviunisimsizilelelnunesoulufuaiemaiia
Faedised lnondesiiaszitoaranlnguys
1.3.2.1 Anwianudnnig (Selectivity)
1.3.2.2 @nw¥nd11nn15952970 (Detection limit) lauA Anwrdindninnis
n59910 (Limit of detection; LOD) wag Ia31Ann1901529-3aL89US1 (Limit of quantitation;
LOQ)
1.3.2.3 AnwiAnuusug (Accuracy)
13.24 Fnvipanandisanss (Precision) laud nnsvien (Repeatability) n1g
NI (Reproducibility)
133 thnszuaumsieneiiiauniuliyssgndldfunsiemeilelasinuneden
Tufuusnafiuinensnssudemeindaaised Tnawdedinsyiwearnaninsums
1.3.3.1 Ussendldiumsfinedsunanisnnae Usunassdganiu wasuiunm
gafmaedanlolelnunedusluiuiiviiun Swminfesida
1332 Uszyndldfunisfnuidugiinisainisnseuduluiuiiandu

299b591ne 3 TAnn

a a o

1.4 NF9ULUIANUANYDINITIY
lelalnunesey Wuasiuiunssdeglusssunanduiviudeulufudaunainns
nmslddeviaanvaanuning inwasnsivededldisiduleneamaununslidedunignie
JaTanw esanbinandnisy aunsaiiunandalaviuniunnnudasanisvesmain lunisldde
A o a o = 1 1 v a | N a va
Weat13eAY inwasnslindanuleuazanudilainmslideusunngaasieiunaninlag
893w tnglildnszminindefifusnniiuniafifigdenis Wunsduldesasiinnisanaisly
Au danalimsnensiudeulnsuasedesinsas elluansasiuvendndasidenoas
asranvasiudunsedag @inenanqulelelnunessuvsuey egralsinululaqiuis

a 1 v
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a v

luunaisaedddinIasdiondudounazsiaas 1w wsesinnisuanuasgernauianaiau
A3 DITALIANANANIVDILDDBU UTBLAS BIILASILNDSUPA Leea Ut ULLAALUNIASIUNS
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e ———~ —

nszuruMsBaTIsinwauduludszandldiunmsimssilelelnuneBeulufu
a & A 14 a a Av A = a L =}
USnanunnensnssuilematinguniised lnawiasdnsziuaanianinsums

1) UszgndaldiumsfnerdBnnanisnndne unasdganay wasdsuiniiddwasetan
TolelnunaBeslunuiiviou Jswindesidn
2) Yszgnaldiunsinedugianisainisnseufulununanaduvaslidnlng Jmdanin

UM 1.1 NI0ULLIANARYBINTTITY

16



1.5 Uszlpaiifianainazlésu

15.1 lawmuinssviunisitasizilaleglnuneSoulufusiamada® wndsed
Tneipasiaszitoarannswms

152 lenszuaunisiasisilelelnuneis suii SUszans aandmsuiasa i
Tolelnuneduuluiumomaindunissd Inoededinsziueananivswms

153 l@nszuaun1simsizdfianunsasmsizsilelelnunes sulufuui i

X A o a a No A a ¢ =
WUNEAWAINTTUAIYULNAUALUILALIIE I@?JLﬂiﬁ]\‘nLﬂiWSWLL@aWWaLUﬂIVﬁLNVﬁ

17



uni 2

= awv oo 174
NEW bASITUIVININY IV

2.1 dayavnluvasngusiglelalnunaizey

not3eu (Thorium) vdusiaduiunssdeylusunsuuanilus (Actinide series)
UfAsenmsaatesiveamessailiiAandsnuanudeuldfian neisenegludduil 2 ves
n1313579 Aunuiileda.a. 1828 Ty Jons Jakob Berzelius tin3svnatiou Tnedsdasni
Aunui “nelien” mudermmames (Thor) i wisaneihmusuiummwdnsefuue faves
yaknufiuleu waglula.a 1914 Yn3duu1ieand Dirk Lely Jr. uag Lodewijk Hamburger
anusaunlavznaeuladnsa

nolsunddyanwalniaaiiae Th A1ulasznou 90 lavoznau 232.40 nsu/lua
TassareveslangnoiFouiigumgiieadunuy Face-centered cubic wiiilelianudeuds

1,400 + 25 pariwaifea Tassairevdsuldifunuy Body-centered cubic uansfaguil 2.1

SC FCC BCC

Sample cubic Face centered cubic Body centered cubic

UM 2.1 lassasnsvedlavevalsey

1%
< A a

noselusmiinTuiesusTsumAnuuRilan Tuangunineseuuians

9

Doy

a

[ -V

audly avgud dndiu wastugulide dyavasumaiwazyaiiongs anvasidureudd
51uI17 wailesiniueendaulueinia avldsuduaisuseneveenlen avvuesasdi 9
wWaguandvrududumaunseenanaduden nasideanesouaunsadnlilaedueiniaile

TasuAusou azlimuailwain991d977 @15U52naUNats gL auNanun JA190NTLATU
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Wesrndeafe +4 Insdiulvgjveslessunaioy (ThY) egluslaisusznavesnles veain
wazddainm laun naseusanlen (ThO, natseuaana (Thy(PO,),) warnNalssuTaLNg
(ThsSiO,) leveunaiduuannsaavaresinldlnewmnzlufuiidunse dsluuisaninyainud udu
YomeiFeNgei 40 danludrudiu veSeuiinuuuialanduiinalndifssiunsm wazunnniy

gvsiiondsenna 3-4 win [1-3, 17-20] audivessiglolalnuneSuuuaninanisned 2.1

M19199 2.1 audfvessislolalnunelsey

auup slelglnunaiiey
SRIREIZI 90
drminezaey 232.038
ANADUMA? Uszanad 1,700 °C (3,100 F)
0L5eN Uswa1ad 4,000 °C (7,200 F)
AUANNE Uszan 11.66 (17 °Q)
ANUNULUY 11.72 ASw/anunadiwumiums 7 20°C
ANBBNTLATY +4

NYUNENNTTHLATYWBLT BN UAUNA USIAMIEINLALLANIEE N T L5 By
wazswaslalon JanunsyneUsUuiusigmenntuiu Aulasduusyinme 9 wu luwlev
(Monazite) usenlnyi (Brocktite) guaflusi (Euxenite) Auusneoissuinuidudiulvgoglugy
a13Usznaunels (Thorite) e51lumalsyl (Uranothorite) kagvasialuyl (Thorianite) wanns

JUN 2.2 [17] dwsuduusiinuneisensUueg 518azi08nuanesiannsen 2.2 [17]

JUN 2.2 dnwagnssdlindlveanaey n. duusvels v gslunels uave. neSelun
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AN 2.2 5189T0FULSTINUNDS UYL UY wareInUsenaueaduws [17, 20]

Auns 99AUTZNBU
Thorite (Th, U)SIiO4
Thorianite (ThO, + UO,)
Thorogummite Th (SiOg)1 (OH)4y
Monazite (Ce, La, Y, Th)PO,
Brocktite (Ca, Th, Ce)(PO)H,O
Xenotime (Y, Th)PO,
Euxenite (Y, Ca, Ce, U, Th)(Nb, Ta, Ti),O4
Basnasite (Ce, La, Dy)F.CO,
Allanite (Ca, Ce, Th),(AL, Fe, Mg);Si;0;,(OH)
Parisite 2(Ce, La, Di, Th)(F, Ca0.3C0O5)
Polymignite (Ca, Fe, Y, Th)XNb, Ti, Ta, ZrQO,
Cheralite (Ca, Ce, Th)P, Si)O,
Samarskite (Y, Er, Ce, U, Ca, Fe, Pb, Th)XNb, Ta, Ti, Sn),O¢

[

TelglnunaSeuudseanidy 2 Useinm fail

Useunnd 1 lelelnuneisousssund WulelslnuneSoudiing woslusssuea
1 6 lolalnd laun netseu-234 Noliau-232 Nolseu-231 NoL38u-230 Nols8u-228 Lay
NoLSYU-227

Uszuanil 2 lelelnunaisendauaszid ulolelnuneisonfiuyviduaseity
1 7 lolalny Ao nol3uu-235 NoL383-233 N9i583-229 71915831-226 N181584-225 Nol5au-224
wazvoiden-223 TelslnuneSuaundulelelnudid aaneflnsiduoan wauasnuan

AusuAIATaTIAwarnITaaefIvad el lnUNDISEN LEAIRIR1SI9N 2.3 [1-3, 17-20]
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A15199 2.3 A1ASITIRmaENISAaRvaalalelnUNes susIsUYR waslalalnunas ey

FuATEn
Tolalny ARSI GAURLRINERG
Tolglnuneisensssusna
NoISLN-234 24.10 U LURN
NDISEN-232 1.4 x 101 ¥ woan
NoLYL-231 29.97 ju LR
NBISEN-230 7.7 x 109 woan
NDISEN-228 199 woan
NoSYU-227 18.72 U woan
Tolglnunesendunsizi
NOISYU-235 7.16 W9l LURN
NOLTYU-233 22 Wil LURN
NOITYU-229 73%x10° U woan
NOITYU-226 30.56 W1l woan
NoSEN-225 8.72 Wi woan
Nolseu-224 810 x 107 w1 woan
NOLTYU-223 600 x 107 w1 woan

agnalsinulelalnuneSeud daudAndl

a

$%

nilelalnusu wasludiuiusis a lolelny neisen-232 duidulelelnufidainy

Wa

4 lolelny Ao NoLseu-232

(%

NBLSEN-230 NOLTUL-228 Uarnelsex-229 Wawnnaiseuns 4 lalalnumand fda1aTdings

o w

GRGIRNLG

\Wosnveien-232 Wulelelnuniviumsesay (%Abundance) Tusssuvifasiign
ludrunisaatgdInuiImeisen-228 uaznelisu-232 yneg lusunsunelioy
NoISN-230 Waznelieu-234 Jaeglusunsugisilen lneiinannisaaieiiveseisilen-234

wazessiiln-238 auaau aeandlugy 2.3 [21]
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Uranium

Protactinium

Thorium

Actinium

Radium

Radon gas

Polonium

Bismuth

Lead

Thallium

Bi-212
60.55m,

Thorium series

Low solubility

High solubility

Low solubility

i

Pb-206
stable
Uranium series

» s
Bi-214
19.9m

&

Pb-214
%8m

sUN 2.3 duanseynsuneeuiasgisilen [21]

a

Tuuddenernulsuialalelnunes sua1u1sas1g9URa t L8 INT NS 9

NUIUANLTITIE (luataaLsa) Tasendean Specific activity ¥aslalaglnuneisouldlu

ANSAUIN WEASAIAISISN 2.4 [17-20]

AN5197t 2.4 ¢ Specific activity vaslelalnuvedey

Tolglnd AASeTIn specific activity (\UALABLIA/N3N)
NoLSYU-234 24.1 u 85 x 10
NOIIEN-232 1.4 x 101°Y 41
NoL3YU-230 7.7x10° Y 72 x 10°
N9I3YU-228 199 30.40 x 10'°
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v < =
2.2 mslduselevivassinlelylnunasey

usaws Jons Jakob Berzelius funusiglelglvuveseslule.e 1828 Wuduu e
a a ° = v ot & S A o~ °
Suiinsdmaiseuunlduseloyidlunisgaaimnssunasnswnng siunalainisnaassl

= o [ v & a 1 1 [y '3 a a v =

nassunvlulansdaasuruiinang 9 1wy lavedaaeuauunili@on waznelssuiesas 2 09 3
nudlautilunseauiinaraiindu dewalinislouselevinese ulunisgeavnssuiig
g9t Awialuil [1, 17, 22]

1) lﬁmlﬁmﬁﬂww (Gas Mantle) TuUe.f. 1885 Baron Carl Auer von Welsbach &
-] ¥ a a a aaqa &Y v 1 a 1%
ldneifvyuneSeunasiiudisoneanlenfosas 1-2 nun1slikasadalnudugen

2) naendannsou (Electron tube) natseuldvirualilunasndaseuszauuunia
(Discharge tube) #slgnaaulunisiliiinnsuanUassdidnaseutesnintalidiuuudu

3) manelulauly msiuveSeudesas 0.8-1.2 aslulavenauiivanu Ussd@nsnw
nshiruainsvesadninay aniiaanisiusizinvedainas

) M udrunanlunisvidvasy wiswsdnnuanudeudmsuiesuiifinis
VRGN
9 U Y

5) Mlugnamnssundnduaslanenuanuiou woldlununistuwazeina

6) 1t Judsaufisen (Catalyst) lugnannssudlasidey ludunsunisiieu
wasludedunsalunsn dunsuvesnszulrunsnautdudinsideu (Petroleum cracking)
waETUMBUNITHANNIANIUEOY (Sulfuric acid)

7) Wdnasluin ineldiunideiliningauaziniinsyanguawn v3elideisenii
wvessien (Thoriated glass) ldlunisuanaudannmgadmiundesaiesy ndesdemnalng

fa 6
WazUNIANNEIANENT

8) lelun1snasandsiannges dusuinissdfnsaliandssoantuuanizlyiv
LOLNAINDITEL

9) Tumnansunmeyaeda.e. 1930-1950 neeulaoenlyd lagniundudiunay
Ad1Ayues Thorotrast® i oldlunnsidadeuzise srudunsla$ediond FJelouduoeng
unsratelud1ainsulanassn 2 FesiauinsianuaultTIuIuLINLAsU Thorotrast® Lans

& 2 o % @ A v o ® = O v a v

g1msidunsiiaiu uasuziiadiadony1d Aetdu Thorotrast® Fegndeinuuazeniannisly

pgnstuUsEwAwuInsnlula.A. 1947 wagansgainilule.a. 1950
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2.3 swlelaTnuneSenludundo
nolssulTuadsenuUsUulalufiu Au wazduussineig 9 d51891u711y
Hofiuunsin wusalelsinuneideulsduedlutiina 80 dwlududu luruedifusssumi
Anszudamuinfivsinamesey 6 lulasnsusonsu wenainiludrdruiiuainlsslniia
dufiurndsnsuandt 1,000 wngiaslnd TeNURTIINUNeREINaNagluUSIM 13 dusel
nedsumulzuldluiuneamslulmnareudigs fureamnduianiusulily

o

nsndndeveamawazgUivaseann Jasundiunaamndi Juiiuneains samiudunseadn

D

Y [

Urluluillefiuneamnsssuviaziianglensaaeiieglunnzauna nanife s iudunsed
& o = 9 v oA O = Yy A = =
wuafieglusunsuiiedny szaanedneiiieduaunsensdunannenidusiaatos wille

UnfiurleagnnurIunssuunsHanuduney sudunsyiaienraunaaelinisaanssa

Y

nfinvn dealisnglelalnunaiseunansensenainiiefusazidivzUuludevoams e

e

guieswoaunlunanaseliuavninvendes [1] vessuiinuandawazgaduiuoyniniu
NEATNITY dawauranuiannassulsduunnudereana wazn1siadouna1ufian1en

WanaRagua 2.4

Moa
.

T
L‘;:-.@Iw_f} t‘:‘l.r. Cle
oS o
SAPOS 7%){' Phosphate Fertilizer
oA

ieaey

]:j?j\':mi}]_’ Thorium isotopes

»

5UN 2.4 dnvaizvemaisdluleneamndivuleunununinssy (18]

Papastefnou LagAME [23] LAUBHANITILATIZW AITULIITIANDLT 8 -232
(misuaiaaisadoflansa) ludregredng q lulsemanie ol fuoan (Fanisudw)
7.8 + 0.2 feghaAunnAdtulaelswmannealgUdudnuiu 3 Uaes 33 £ 0.1, 2.7 + 0.1;
3.0 + 05 91T I Tanneadnannoalndudy 11.1 + 0.4 wazludaedsiannoadraway
WoalwBUFAUINUMEIT MY WU ABUNSA LazUdonAaunIn 9.3 + 0.3

dmsuUSutameiien-232 ludenoama NUAITLAUEIIEIURNANITILATIENIN

Usgmenne 9 Malan neran1sinsieasulalunised 2.5
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msdl 2.5 UinusnlelelnuvelisumeiFun-232 Tulloveain [24]

Uszine NBLUL-232 (luALAaLa/Alaniu)
8@ 3.50
UnAanu 50.00
dufy (Hewusnand) 65.00
GEI] 7.90
#1913l 6.01
ludise 16.10
83n 14.31

AmassdluAuINuaLnEnsnITINUgInITluAusTTunIReg 1 ltud Ay @i

nmstdJeneaaiaifiunands duduniswiuveisuaddudulunandeidiu n1sldde

weawniadefudunaiuiu Usinamessulufuazauiuiunuddu wansagui 2.5

European map of thorium in seil, January 2019

% M»_J e
o

oil

h (mg/kg)
05-42
43-74

I 75110

11.1- 150
151 -26.
> 261

b {
C e 4 L

=y

. =iy g o N/
L - i i c
L 4 Copyright @ Comn

ien. DG. JRC, REM 2019

T
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suUn
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T T T T
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2.5 ununmuanavIuiusiglalelnunaSsulududssinanie 9 lunidglsy

(HBUNNTIAN 2562) [25]
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Han1sANwluAusIIUTIAUTEAMANG 9 Tudseinaan wuil lelelnunesen-232

Yudaulufusssusaluusunanliduingu adansuiainanuwenduiuvesesiussnauly

DAY S18AYLDUALARNIRIAITINN 2.6 [26]

M19199 2.6 winvesRukasUSuuswlelglnunesen-232

USLLONUDIAY

791584-232 (Haansumailansy)

Aquisalids (FUsIUAIIIALE)

Calcigypsids (Auns1® duaalfunas BUTuNEL)

Petrocalcids (AU U JwAaLT8uNEL)
Petrogypsids (Aunu HBUDNEL)

Torripsamments (Auns18g311)

2.84 + 0.05
4.45 + 0.06
3.12+0.04
3.84 + 0.04
3.07 +£0.04

nan1sAnwUTuIusIn lelalnunaisen-232 TuAuainUssmadis 9 wuan Ysuw

s lelelnuneFeumasun-232 Tufuldvindu s1vasdenuaninamisesm 2.7

a51afl 2.7 UsinassnlelelnuneiFen-232 Tufuainussmasing 4 [27-28)

Useina

7181381-232 (Haansunanlaniy)

alu

ALIR
U

mlan (ALede)

3.2-209
3.47

7.1

18.0 - 21.0
10.8

9.1

10.6 - 26.1
<1-98
8.0 -24.0
15-83
7.4




< =
2.4 anuluinevassinlalelnunaisey
241 anuduiusionyuduaydn’

noasEIgIeMeuyd 19 3 113 Ao N1Vl NITEUUMAANRIMNS

LASVNIUIARNAUURIMTIVEoN BN seuadeniiiasnyiusse
a A v 11 a | a a

naleuingTengnemsmelaiinainnisaamelauazessiiinelsey
Uzl dslunsdiiveSeulidiieswihdunseseileievaninty uaduinduniedeiileds
;oA a v = A v o = | 1al ] P
diudu q anede Lemnilainglen nelunusdINavavauegNven duilvisdzazany
981991 q egluveavmnigluden (wanaun) neleudiuazatglunanaunazgnnadeuily
§aoTerdu 9 ¥8919N1 Faovaziinaraudieieiznng q UL W nseen U tn wasdy
NoLSEUUdUanLYNUIN0BNANUBARIYYUTBUTYDIMABARY IINTUYNYTIADBNAINTNY
megansElulSinauiesay 97 vesUSunaumeiTeuigndueenyianun @ msunasen-232 uay

= S v o ) a A g = & A ad

neL38x-230 Mdnguen sxgnudneenaindensulsunaumdedunimilsvewimun vieilve
3UNIT ANASITIAN19T AN (Biological half-lives) Aaslaiian 5.3 wag 1.4 U siuainu
Tumsfnwiiunyneasddviaamelaomanaunaiey WuImMaSegNAATUIINTELALTON W
Ysunadulngiazauiinszanlasesne wagnvundivazanludvuaslaluliuiuiesas
15 £19 20 uag 3 auaau [1]

[ ]

‘Vl’e)L%lEJllﬁLGUWQ§I'1\1ﬂWEJB~JI’1UVI’N§$UUVI’NLau@']‘ﬁ?i ANIINNITUSLAADINTUTD
’oj 2 .::{' ‘gl’ a A 14 [ 1 | 1 = 1
U’]@N‘V]‘U‘ULUEJU‘V]EJLiEJlIMiEJiUL“U%;{i'Nﬂ’]EJN'TIJVl'NWNI"ZI@’]%’]i f\]’]ﬂﬂ'ﬁﬁﬂ‘l‘ﬂlﬂ%%%ﬂﬁ@ﬂ WU
n13dueenn1egasEanImdaany uasdusenuinisiesar 94 anelu 2 89 4 Tu 9
nuIdglunuanuduig 5 auredlssunlsiunassuwianisulssinadufe Ingauay

wallasunaissununensmelaseninansuuanululssmusasnaiuemisainng

'
=Y

vilaremauazihduiifinisuutouneden nan1ifewuin vedoudwilitueenasandis
Tusnanieednetden 10 fs 15 U wasnuazaululenUSunngefian sosasnde nszgnuaziu
lngavauluven 4.31 lulasnsu nszgn 3.54 lulasnsu uagdvu 0.14 lulasnsu lnesewas 50
vomelFouiiazasludu sziiansandeuiy 9 ¥ dmuneiFendiuiiazanlunszgnlasssig
wudmelseuesar 50 azaulunszgnidouaues (Cortical bone) d2ufindonszagld
fas19n1e wuirazanlunsggnidedeuuuiiaun (Trabecular bone) uazlulunszqn (Bone
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Reticuloendothelial lnsnsyangliegluduiosas 59 luuievay 29 wavlunsegniosas 9
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nuideanuiuiwromeiisudeimialiusingdeyalunywd unain
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< < = &8 o ‘:l' & o a v
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2.4.2 eudufiwsofivuardn i
MnMInaassgndandlufuiinaumeienyiinas 20 wilunusensy uas
sadrstnauneiialuyTunm 20 uilundudedaddns nuirdesagnssenveaudndinand
anatedeiveddy uaznisadAuleliauysal Auuaszunsuy e Junasnnneseyly
afatusnIInIgadusinansesvesiiy ldun Todey (Na) Tduaidey (K) unalden (Ca)
waznan (Fe) Fudusigansenmnsiiddny tnoemzunadend udusigvdnvedlasase

a1 1

ntgaE tasiidiusnlunszuiuniseng o vesiTratsnIzuIunIg [31]

=

enunsanylugneeulainndtudsdentuna 30 Tu lulnaunasey
USinausinariu 5 seiu (misglulasnsusedng) fail seaun 1 USinamelseu 0 (Avuau) seeu
1 2 Usunaumaisey 25.3 + 3.2 seaui 3 YSunamelsed 80.6 + 12.0 seaufl 4 USunamelsey

'
v A v 1 a !
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Janandiuiinsavaunedenlusion wils §u uarln audidy Sntanunisiedoulmiiaund
dosnuamndduliannsoauaundrmidelfindoulmldauund Tasifinanufazen
Oxidative ﬁu’%nmm’?aﬂgﬂﬁﬁma 526U Lipidic peroxidation wazioulesl Antioxidant fisu

& A 1 & a a ] a & A 1 & °
LaELUBLEDNANULUBNAUNG i’JlWl\‘iﬂﬁg'U']‘UﬂqiLllGn‘UQasﬁllsﬂa\iLuaLEJE]ﬂa’]llLu@gﬂ‘ﬂqaqﬁl [32]
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Fergisialelelnuneeuiieg are s lagldins esdeTinsgviuananeiu 1y
a4 a ¢ N A a ¢ a A o = o
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n1591U59d Winanaanuase

2.5.2 Jwnensiginsesinnisiedasssdluveavad
B. Flieg tazany [34] laiauaidiiasisesidlon uasnasoudsiAanauna
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'
ada

auslag B. Fleg Wavmuy nuindlvenfrolineslda1sinniused waiotilveds Ae nisusy
Mg deserdainseliedassyuululasim Jaisiags n1sldsduussgdusaguindianldane

a a v ¢ a ~ q v ' a A ¢ al & A o v
g9 Wiunnvesdsneaulnatain deldnadevanisuuy wavarssunsdnldludunaunyinly
U3gissenisadaluaisneunsdunsie 8nninsinnissowuameslelelnivesoudedld
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Soil Sample Ba-Carrier

Dissolution HNO,, HCIO,
in 2 steps HF
¥
i U/TEVA Resin
Separation
/ ®Ra-Tracer
Y
Th-Extraction U-Extraction Ra-Separation
REX.™ -, 50,*-Precipitation
THO SEN C0,"-Conversion
3
*Ra-Yield
¥
Ra-Extraction
RADEX,™

JUN 2.8 unudimsilaTsigisidenuagnasenunamnaunalufy [34]

2.5.3 AATERMATaTATIsiLoaraUnlnIuns
a ¢ v A a ¢ a v a a N oAl Y}
MTATIERnILAI eIz RkeaaUnswYS agldvedalanilsadsauny
mMynsenssduean smualeisieswilelalnunaBeulufuuasaus Yo dunnenIsuns
TgNd 9 uUTUIY UV 108daLATLA 8 (Australian Atomic Energy Commission Research
Establishment) [35] t@uatunauni1satasizimematadunilsdsiuiunsinsynsdneam
melpIosiaszieanaunlnswgs taeldarsfianussdneison-229 [Wuasuinsgiunielu

4 a ¢ q =~ & o P
LLaSLﬂi@ﬂ’aLﬂimeaaW’]ﬁLUﬂIWiLuVIi 378@8LEJEJWJUG]EJUNLLE‘INW@JEUVI 29

32



AUNEAINTIN A 1-3 niu 30 4a HNO, 15 18 HNO, 30 14 HCI

PRV + 15 Na HF semeds Reanali afadag 10 N
VIS Wil 9 M HCI Di-isopropy! ether

anTazane
Yo
EGINEE

%199 M HCI

'
. 0
| | w

WAuduin (9 M HCI)

20 1a HNO, (x3) Biorad CI' AG1X8 (100-200 mesh) Y a
5 y _ szmeliivde 20 ua
Hansazanela #n9paaNt] 70-100 WA 9 M HCI
138419 8 M HNO, ivansazane shliszmeauite

‘ %198 M HNO,

LR LGN
45-60 38 Biorad CI AG1X8 (100-200 mesh)

8 M HNOs

4 veim HNO, H l101}|ﬂ® HCIO,
[ S 00 ¢

=

72 8M HNO3

]
=
'

a2 (Elute) AORNY  eimeiudia Electrolyte buffer pH 1.2

o
TN

20 ua 6 M HCI annaiel 10 Na

TTA 3 A%e

4 uen HNO, H l 10 welm HCIO,,
00 ¢

JdunaUNUNNalsaN

asuunsulancainuiaanls Wi

L s
o 2 . . 5
ATANEAZNaL NUTUH (N30) aned1 3 AR Aududuvized
2 | 3
TTNEUIAS TTMEUM #iael 10 18 2 M HNO,

SUN 2.9 UHURAAITUABUNITIATIZYIVIOLT 8UVRI AN UUAMENTTNNTITENF LU TU Y

L9DRANSIAY

33



Y a

ForvoiT
1) Wusivlimnfou Fadugunsaiinly Mlufesjifinisiad
2) anansoldiinseilaneny wazmaus
3) n9n wazanstAdiilld awnsomdelddne
4) w3euAaaNtled tngluls@u Biorad AG 1X8 Cl Usendnalgane
5) amnsnineildilumn (pfe 4-8 fegre) FTamnefunuiuindon

FIADIIATIZINFIDE1IIIUIUNIN

VoAUV 8UDINNAVDIID

ee 2D

1) A8A51ivaeTuney dnalraedltiiaiuiulun1siesIeusiegig
weiazYn

'
6

2) NMIALTUNITIAATIZARIUNAETUNDU dNNANIZYUABAISDAZNITAU

3a1sazangdunsgiud unouvnlvuians 19de 2 yda Ao
Di-isopropyl ether wag TTA ansazangBunidiluansnenzide dnansenuseguaminideuas
FEUUUNA

4) Msinnisvedeansdunsd deaildinedeudiegs snviadunisedam
5) ldmungiuauiideinsnasaniu

Tunslanal A aaliF9852UAUNIIATITATIELDANT AILATOIILASIZH
LEaNNAUNINTUNT WUINITHATIENSIFLDANT AIELATDIIATILTLEANAUNINTUNT ALY

dmsunsiesgrivessulsuintes NTenuMNTeasuaiesgiigaiaunsainlad

IS4

ANUBYNINVSaWINAU 0.3 TaALUALABDLIA TIUUINWININ WanNUwmALALTaLASIE

JUAUNTIY

o w

A3 093ATIzMkeaNaUnInsuns wazdsaunsaialelelnunessuvidfglansoudu
a4 lelalny lnsanizneolSeu-228 wagneiion-230 dadulelelnunessuiivsunudee

I 2 Aa vy & v A a ANy A o A a ¢ a
LazAIATITINABUTIIEY NSldmAlallaallssd srunuAIesiiaTzs Loarauninsiuns

o % 6 o 1 a 1

WUIUANIZEINTUNITILATIZRAIDY AU AZNDUNZLA LAYAZNULILY a1AADY SINTIIEIT

€

AI0YNBUNIY LU W AN Uan wazdniuifig o [13-16]
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2.6 A57wmszsnlalylnunassudrewmatiagwniised laewasaadinssi

waanawnlnsiuns

msldies addieszinearhannsumssauiunistdimadad aadlsedii o3 asiz
s lelelnuneisoy Indudedddiifinnussdneiion-229 (Radiotracer) dmsuldauan
SpvaznisianauAu wazaA1USualelalnuneson lneaifnniused@nelson-229 Taunuy
aeEL Jeduiazaan a5 uavandunoliifesinaumuuasilunisioma aie

[ o a

7158071 Internal standard 10892 lUN15ILASIEUAIONAR AT UATSIA zALTUNITHNIY

ASTUIUNISYIIEY 4 JURaU [21, 35-37] 518a¥LBUnNNa1RUAL

2.6.1 ANSANALYNNBLSEUDDNANNAIDLYS

[
a

Fupeumsatauennedsusenandete weendu ¢ 33 wiagIsTuegiu
Shwnrvesiiodns eavideadal

2.6.1.1 A15Y08UWUULIAY (Dry aching) LMugd19TUAI9E1INIITININ LU
Jaeie 9a915e waznsegneeu 1935migamaiigs 500-550 ssmiwaldea lneifingumgd
o819t 9 WHunan 8-15 Falu

2.6.1.2 nsyesuuullen (Wet aching) IMuNgd@InsUAI0819AY AU WS
wawsiet19unis wu v dn wald eednt wu Uan ds I3denduarseondladuas
n1snsERumemNseu lnauaiseandladatludieginoussmeiagrsuuikuliauiou
o991 9 auueaiin Mnduoenifuasesndladulnlmidiun 1-2 via itelMAnUATe
sanTndulagauysal

2.6.1.3 n19¥aRNA28AIUS U (Fusion) 1oL 1MaouvA 18M93A1912
LAY Na,COs, Na,O,, NaOH vi3pasazangnasl HF + H,S0, + Na,SO,

26.1.4 n3vEEs (Leaching) 1Asndussudan densadudu 2-3 as

Y a

2.6.2 ﬁumaumaﬁﬂ%m@m‘ﬁg (Sample purification)

1%

Fumpumsriliuians wseandu 2 Tunoudes lnewadiafilddmiuusioy
Funoudesunnseiy SeazBeasil

2.6.2.1 Yumoudesii 1 IWmadansatnsieasazaedunsd nsadaile
w@uelldTusieum e 9 laun Di-isopropyl ether; Tri-octyl-phosphine oxide (TOPO);

Di-2-ethyhexylphosphoric acid (D2EHPA); Tri-butyl phosphate (TBP) #5 ala tnad an1g
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ANMZNBUIIULNUNITANARILENTAZANEDUNTY Inazatanznaunau iU dun1stulunou
gou? 2 sall

2.6.2.2 Tupaudesd 2 Wudunounldmadaniswanidsulessy wiavinla

Y
= %

NN IUTAVEEWY NUTIBNUNMINALIIEIATIZ auen1sldisTuussgaeautdnsagy

1¢un UTEVA Eichrome® TRU Eichrome® wag TEVA Eichrome® Tuwausii sieauuisaty
Weonldnswseuneauiaiien1sussgLsdusiineaslsnlosouau vu1n 100-200 WY wAEIE41
vratudenldisdusiinlelasiaulosauuin usnanudavensdu nsidenldarsvsdnsiian
AMULTUTURANS 9 WUT1991UNTA NI TWAnm 197U Taun n9ldansaralgnauszning
nsalalasAansn AUYLTY 5 luans wagnsaeangIan ANMUNTY 0.05 tuans tusnsiau
1: 1 aslinsalunsn Anududu 1 luais wsensalalasaansa mududy 0.2 luans %se
NIADBNLIAN AIUTLTY 0.5 Luans
(1) waianswanasulesoy [38]

LA X <
ansgavu W

q

a Qll @ ada ¢ al [ aaa = |
wiatianswaniUaeulessuduidiesginendeujissinisuanideulesou sewindlessuly

a = A o g v = av v
LWﬂUﬂﬂqiLLaﬂLﬂaﬂlﬂ,@@@u LW@W']TVW]@L?EJ&W&@U

asazaneiulessuluresudindudaivaisazaty Wonaujise i wuinlaseassveveuds
azlifinmswasuulas wazvewdaliavarsluaisazais vewdsildlunadaidanduais
5ITUYIAUALATAUATILNTATHNI “L5TU” n1svuSansmemaianisuanilieulessu

Juraannalnaisuanildeulossuainaisavaleuusiuigs Active site Ua58U ilvilesau

'
a

NATALANY (519

q

ABINTIATIENNTOSWIUNIY) UNUTIVULITY kaznalnnsviaienisgn

FUULITTU 1AgNTVEAIMATaTAENMINZaN UARIRAUN 2.10

Loading
Conditioning  sample Washing  Elutioning
oL
]
o’ ..
Analyte @ Interferences = o &

5UN 2.10 nalnnispedulessuluasazaeiiieriliuians
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(2) NMsFuATITALSTULanAsulaoou
a v ) £ o w < ) fa Aea & a
saulagniutuduaduauluansdaunseidunidNduned

wo$ warinsmidnluueglusdu feilvinisuanddsulossuieldieiidulessuuinuas
lovauau wenani deanunsadanseiliisduiilaseadneing q fu ildinideaunse
donldis@uldnsamuinguszasd n15duas1eisduilagl1unseuIuNIT 2 0819A8
wodwlalsitu (Polymerization) kag N1siismyleidu (Functionalization)

nsguIuns 1 wedlelsiedy

s3udrulngasilaseasramvaniduaisdunidalaiu (Styrene)
Waunszurunitsnediualsiety iaidu Polystyrenic matrix @ s dnwazlassasag
wuuezlsunfin (Aromatic) Sendednegrmieinlfiaiuudu (Vinylbenzene) dnwaizlassadns

WARRIgUN 2.11

CH,

JUN 2.11 gasmaniluazanvurlassasivesalniy [38]

megluanavedhiiaussneumeiuszgIseliujisernediue

Y

a

Lty amnsadnduld wazneliAnluaenedweswedalniu (Polystyrene) wanadsgy

2.12

JUN 2.12 angwefiueivasnadalniu
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= a fa & P P < v O

Wasanatenedwesniudusiluinnundawse aaduy  Tunis
FUATIZALTTUAIINTEUIUNTNOA LB LS ITY FIANTUNITADLE DILUY 3 ¥UIU (Three
dimensions) nalviinugAsend auselutananvanglunis@suse Ae lalilawuidy

(Di-vinylbenzene) uanesguin 2.13 UfAzensiionsieriiliisulidnwazilunane

f. o <.

seele
J 0000

5U# 2.13 0. luanabervedlahiliaiuuduy wagy. nsiWeusewadalaiu 2 ane

NITUIUNITN 2 NsiAunyilandu
Wunsumysimlusedueslsunfnidaadea 153udilaain
d’j 1 1 d‘ o ¥ U L d’l
nsrvIunsiuUsndlessuvemysnntninluse el
1) \5s3urdananasulooauuan (Strongly acidic cation exchange
resins: SAC)
a2 a A:’ljd 1 0 " a A a L%
sauviadiivdsinnia SOH* eglustlsundnfuafoa uansds

JUN 2.14 nswssuvilalaguinsadaiaznuvinujasenaiinunedalasu 1s3uinlaainnis

Y

[ 6

dupseanunsouanaeuleseulalasiauuiniulessuvinvessinau o aa duindu 13

aaa

Furladunsareutiege fegrnstuadail laun AG W50-X12 H* UfAsendudisil

OOOO

H,SO

SO,H SOH SOH SO,H

UM 2.14 nszvrunsiumdilandu lunmsduasegnsdunuulessuuin
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2) 5@ uriiauanildsuloassuau (Strongly basic anion exchange

resins: SBA)
sBurdadazingsniiduuaeglueslnniniuedoa inTould
lnemsviuAsenalisenitmyvesiuadiuneiiwesveanadalniu anguvadud fie vyediy
273017 (Quaternary amine group) sSuilwiouldasdgniiduivaun arunsauwaniudeu
loseuauldd UfAsend 2 funeu fiil funeudl 1 aelswiiiadu(Chloromethylation) 1y
nagvuMsANgilaidu duneud 1 wanafagudl 2.15 dusoudl 2 exfiiutu (Amination) 1By
nszvILNERvleidu duneudl 2 uansdesuit 2.16 Wunsunuiieaslsddeeiiu duseud

Msitansusenaueiunneiy vnlrlastuwaniuasulosauay WU 1 kaghuy 2

CH,OCH,ClL
Chloromethyl ether

CH,CL CH,CL CH,CL CH,CL

JUN 2.15 nszurunsiiumyilaidu dumeun 1 lunisdauaseistuiuulosauay

/CHs
+CH,—N —a S +c|:H] C-
\ 2N
el cH, CH,—N—CH,

I
CH,

Chloromethylated Trimethylamine SBA Type 1
styrene
/CH’ CH
+CH—N > +] * OF
CH,CI \cH,—cH,0H R

Chloromethylated Dimethylethanolamine SBA Type 2
styrene

] (%
v

SUM 2.16 nszuumsinvyilendu Tuneun 2 lunisduasieilaisguiandsulessuay

WUU 1 aglhuy 2
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sFudi i ddolsundn Quaternary ammonium chloride salt
annsouandsulessunaslsdauiulossuavvessindu q 6d duindusduriaduua
Aoutege Megasuniind 1dun AG 1-X8 CUisdufiiunszuiuntsnedwelsedu was
Cross link 9zfilassadefiudeuss udnsanlusadugunvne 3 i@ adatudusunsanay
anansonesililuansazats uazilevhusihunszuiumsfnvileidy sguildesdauting
waniasulessutdunuuisdutanidsulessuuinuazistuanidisulessuay uansds

Ul 2.17
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2.6.3.1 wellan1suilnnaiseunelniin [40]
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2.6.4 Fupaun1Tinsiduean (Alpha Measurement)
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2.7 wiasinsiuaavianinswms [36, 41]
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uni 3

A5N15ANUUIUINVY

3.1 @15uAdl

3.1.1 nsalum3n (Nitric acid; HNO; JT Baker)

3.1.2 n3nlalaswigessn (Hydrofluoric acid; HF, JT Baker)

3.1.3 nsnlalaspasin (Hydrochloric acid; HCL JT Baker)

3.1.4 nsaasaaein (Perchloric acid; HCLO, JT Baker)

3.1.5 nsmeananan (Oxalic acid; H,C,04 JT Baker)

3.1.6 waululiey pongan (Ammonium oxalate; (NH,),C,04, Merck)

3.1.7 wanludley maslsn (Ammonium chloride; NH,CL, JT Baker)

3.1.8 wauluiley lansanled (Ammonium hydroxide; NH,OH, JT Baker)

3.1.9 efiausanagea (Ethyl alcohol; C,Hs:OH, Merck)

3.1.10 lepeuludawms (Sodium bisulfate; NaHSO,, Merck)

3.1.11 wanladeudan (Ammonium sulfate; (NH,),SO4, Merck)

3.1.12 @15AARIUS I8 LS 8u-229 (Thorium-229 radioactive tracer, National
Physical Laboratory, United Kingdom)

3.1.13 @1511953148 NBIVBINUIINITHA$UUTUIYTEnINeUsEIne (Standard
Reference Material of the International Atomic energy Agency: SRM IAEA) 1 & un
SRM IAEA-327

3.1.14 Liéz?ml,amﬂadlauiaaauau AG 1-X8 Cl" (Resin AG 1 X8 Chloride, Biorad
Laboratories Ltd)

3.1.15 1s@uuaniasulosauuin AG 50W-X12 H* (Resin AG 50W-X12 Hydrogen,
Biorad Laboratories Ltd)

3.1.16 AoduYuTIYL5Fud1L5 93U UTEVA (Commercial pre-packed column,

Eichrome®)
3.1.17 lemaend (Quartz wool, Sigma Aldrich)

3.1.18 5’1?151411%?11/]%@@ (Ultra-pure water 18 mega ohm, Merck Millipore)
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3.2 \nTesilanazgunsal

3.2.1 1A3esitasgsiLoaniadnlnsiumd (Alpha spectrometer) $u Octete Plus
(EGRG ORTEC, USA)

3.2.2 ganATu (Fume Hood) (Labconco, USA)

323 Lﬂ'éaamumﬁlm (Centrifugal machine)

3.2.4 fouauiounuuiinay (BINDER, USA)

3.2.5 LAR0IUARL (Mixer mill) 3u RM 200 (Retsh, Germany)

3.2.6 ﬁ@@mm%ué’miuﬂa (Desiccator carbinet) (SANPLATEC, Japan)

3.2.7 wiuliinuiau (Hotplate) (Velp, Italy)

3.2.8 yaunasinglvinszuansa (Power supply)

329 a3 eetaanudunsn-aig (pH meter) 51 3200M (Agilent Technologies,
USA)

3.2.10 AzkNsITau 125 luaseau (Seive) (Retsh, Germany)

3.2.11 aedud @7 Funnel 817 5 LBUfUns LdUKIAUINA19NTI9 3 L 9URLUnS
dIUUTTITU 817 15 lwuiiuns i@duqudnatandie 8 dadiuns diudalgurauuuin
WURIAUENA1NTN 1 dadluns

3.2.12 Wuainuwaniital 99.9% @ushgudnans 1.5 fadiuns (Platinum rod 99.9%
dia 1.5 mm) (Sigma Aldrich, USA)

3.2.13 Mmgﬂﬁﬁawamm (Copper rivet)

3.2.14 wluakaulaadae JUMNaY WuNIAuEnane 2 wuflung (Stainless steel
disc dia. 2 cm)

3.2.15 92UNNKAU YUIA 30 daaans (Polypropylene narrow mouth bottle
30 mL) (Nalgene, USA)

3.2.16 U1nAvyUanswuu (Blunt end forcep) (Merck Millipore, USA)

3.2.17 Unines warnseanuIRn1luuiidy (Beaker and Ribbed watch glass)

3.2.18 nsgusn® N (Polypropylene cylinder) (Nalgene, USA)
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wisainii eUeatudu wnsolidmsvAnwnsniinlelslnuneissudonszualifiasuy

1 v a & ¢ 1
LLNuaLLWULaﬁﬂ’Jﬁlﬂ’liﬁSﬁﬁﬁlaLﬁﬂiﬁ/]'ﬂﬁ@]@]@lﬂ
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2) \53usiiafl 2 1sFunaniasulessuuin AG 50W-X12 H*

nalnnisgadulelelnuneifeuvensdunaniddsulossuuin
AG 50W-X12 H* fia moduiidl 1 Wesuaisazatesegrsnieldsnaimensalslnsaassn
lelalnuneiiey uazlnsueniiidon gnaaduvuisdu vasdginden wazsiulyden ligadu
VULSTU wayluakuepnanAedul nasanvzlelelnuneSey waglnsueniiley aanain
podutidenialelasnanin uasdsuliedluansazarednaninsalunin anduiudeud
nanwwesansaranedetalunsalunsn Wenuansavarvasluneduiadei 2 s?fQUisagLs%u
wanidsulasouuan AG 5ow-x12 H* lelelnunaiisugnanduuuisdudnadmids ud
Tnsuenfiflonlsigadu warlvaruaeduieenly antuiewzdndlelelnuneiFoueanain
ADRNUAIENISNIARBNYIEN [43-44]

Mn1sneaedlagn1suiasarated laa1nde 3.3.1.1 1K1Y
isFuuaniUasulesauuan AG 50W-X12 H* 2 ads audunousiseluil

21 WsBunsait 1 wisuredurensisutanasulesou
I AG 50W-x12 H* naulluthnduuianias dreadlunedusl

2-2 MUy 99 1-2 9 1-4

2-3 fsBundait 2 wisuasdurensinisutandsulesou
1IN AG 50W-X12 H* mulutinduuiandgs wiadluaoding

2-4 g ufeInu 98 1-6 9 1-7

2-5 \iulelelnunesenludninasuiiazeinvunn 50 Jadans lne
T¥nsmoonndnmudiudu 0.05 Tua1d adsay 10 fadans iuaduneduy sufvansazaneld
wmualulSunsUsvana 30 dadans

2-6 Mgy 98 1-9 619 1-10

2.7 ald@rsarats A2 B2 way C2 Janszanuiiniuuininedd
wisainii eUeatulu sinselidwiuAnwinisadnlelelnuneiSousienszualinasuy

1 1% a & 1
uHuALAUaER TN Tazanedlaninslansoly

3) 13Fuvlind 3 ARANUUTIYLIBUANTITU UTEVA
nalnnisgadulelalnuneisvuvesneduiussyisdudusagy
UTEVA fia duu# 1 iWeniuansavatedisgraniglafiinaisvensalalasaasin lelalny

vaisy uasgsiiln gnaaduuulstuy vaenlnsueniiilen waziuuyien ldgaduuusdu way
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lyarueananaeaul vasanzlelelnunasey uwaslnsuwoniiillon oonainmAaduilae
nsalelnsaein uazdeuliegluasazatsdananansalusin aniudsudinaisves
asaranesediadunsalundn Werhuasazareadluredutinded 2 Faduredutiussgsdu
du3a3u UTEVA lelelnuneien uasgiadon gngadutuistuaimil andulssdnmeZen
P8NIMNABANUMILNIINIADBNYIAN [43-44]

yhnsnaaedlasnshaisazaedildainds 3.3.1.1 sWiunodu
usssdudusagy UTEVA 2 ads mudunoudssiolud

3-1 disBuadedl 1 shwdentu 4o 2-2

3-2 duisBuadedt 2 shuwdentu 9o 2-4 fa 2-6

3-3 agldfansazany A3 B3 uay C3 Yanszanuiiniuudnnosiu
atdvii edesiud u WasolidmiuAnuwinisudnlolalnuneidsusenssualnitauy

1 ¥ a & 1
wHuaLAUaamgasazatedlaninslandaly

InnsAnwnisienlelslnuneseuuiansmenisldisdudazviin
lileansazane A1-A3, B1-B3 wag C1-C3 dransazaneflaluynnisuinlalelnuneissunie
nsznalviasuuskuaLaulaasgaITazateddninslad luaninziazsiavasdaninglasns

winngay waninluinlalalnunaBeumeeinaiiasizneeanianinsiunsnaly

3.3.1.3 wWaurd unaunisudntalalnuneissustonszwaliw1aavy
wHuALAULAARIgATazaNedlannglad

nsudnlalalnunatssunrenszualiiiasuu b uaLaULadR 28

' £
¢ a 1

ansavaneBianinsladiif Yuedivaniie wazallavesansavaredianinsladiunvauildly

suinlalalnuneE snaluUkHUaLALLAE
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3.3.1.3.1 mawssdwaaamsuninlelelnuneseunionseualnings
VUKL LLAEMgENTazaneddninslad
nsutdnlolelnunelSountunseua 189U nLEY
aunuiaasisasazatedidnlnslandesldnszuiunisdidninsada (Electrolysis) § adu
nszvIuMsHunseLaliiinnszuanse (0.C) anaeusndnluluasazaredidninslad wavi
TAaUfATonaTus nafuiuduaunuiaa indesfofildunarsavaredelni Fondn
waasdnlnslad Usznaume

1. 471 (Electrode) Ao wrudatrAquluaisazans
518nTnslad udrreduwadlniuIeuunaed wiadu 42uelun (Anode) uas Taunlng
(Cathode)

2. asazanedianinslan Ao arsazatefivlndinle wsned
levouuinuarlossuaulosauuin Alusudidnaseuditaau iaURRTeEdndu Susentraudy
walne waziSenlensuuinin uanlossu (Cation) leasuau 3 JlUlWE1Enaseudidauan
AnuA3eneandindu 1Sunit welun wazisen leesuauin wouleaau (Anion)

3. ASRINMIANTEWANSS (D.C.) LU wad i %30 wumLmD3

TunoaunIsinssuLsaastaninsladd usuninlalelny
= % 1 ¥ a a & a Y ‘:gl/
nossumensehaliinauuLHuaLR U BE sazanedannslad a1unsaasulelanadl
1) v UINkAUTUIA 30 adans sanUssuiad 1 1y 3
YDIANNYNIVINA
2) 1znsenarsveshvIalniivuiaviiulagveanyng
NOILAY

3) dnyagmeaunaundniudvialaglidiuvatesugi

1%
0 2 a o

wgliidielinyngdndniudiliideuman
5) auHuakAulaatawliaze1nnasuINa uusans
18 winnzleviy uwazleviaweanesed duysal Fulvils

6) NIHUFLAULAATALINULLEUNDILAS UK MU UVIALA

7) NAFRUNITT ITUVDULAH A IUAITLANUING UUTAND

18 winnglaviy 1aliAnapy
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8) winlunun1s$a8y mundufi ¢ Snd19wagday
itaueanegosliivh 1eseliwaduisain

9) Ydumnunanithiuaevaduntiunasldifudauan Ia
FUUUTBITAR R BN UImNE DU UASSEMESEMI RN anduseansliatnura iy

v A P a v & b 'Y} P
NITUANTIVIUAIBLEURIALNANTIUL (VIUIN) WazUaN8maNeIlad (TIau) Laawnigun 3.2

Pt Wire (Anode)
« Cell Cover

\_._/_ Cell (30 ml Bottle) "
"

H:‘JT_ Cell Cap / i

Sample Planchet

Cathode Wire /

JUN 3.2 mswseuwaddianinsladdmiuninlelelnuneivudonseualniiasuy

wHuaLAULAaRIgaNsazateBiannslas [39]

3.3.1.3.2 NS5 8auas I nadaudinsunidnlalalnunaLssune
] % a & 3
Asea b IUULHUALA URENIEEITALA8DLANINT Las
1) WUAITSIENOTUN-229 AINULTITIA 0.1 LUALABLTA AdlU
Y1nau USU19s 50 1aaans

a

2) sewguuwiulinuseu Ngumgil 80 A Ay AU

Y

WIAaatn
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3.3.1.3.3 n1sAnwanasiimuizanlunisuinlelelnunesousie
nszualiinaauLLRuaLsUaaR g TaraneBLlannslas
1) AnwiAanududuresansazanedidninglad
AnwrAaududuresasazaredidninglas Wesean
Tunsveassildansararsuenludounaslsdiiuaisazaredidninslad IneAnwiansazany
worluileumanlsAAULINTUA1ITY 5 5¥AU MALA AUWNTY 0.5 1.0 1.5 2.0 way 3.0 luans
ynsnaaalay WHUNSAlUASNALINTY 0.01 Tua1s USues 1 adans astuaisionagau

[
a a

gulyisou W 20-30 Ju9 nansavaeduiuoululotoanyan ATIar 1 1addns 31U

2 A5 guliTou WuasaraeuoulufiounaslinAudutumieg Usuns 4 1addns Aaiy
Wunsa-anawindu 2.0 gulideu dndunisuinlelelnunafeuasvuuivawnuiaalagldiaa
120 w9 YSuensewalndilaeusuainszualudn 1.2 waunds vinsuiinlolalnunaisaunie
nszwalnitasuuuNuaLauaanlsaIsazatedianinslad lagiiansazatedinarwivasly
Wwaddlaninslad nouAsuAINUALAINISHENUTELN 1wl wukeuludeulanseanlas (2%)
Usu1ms 1 Hadans wiinmeauasual ntudanssualnid1iifeg1999nannwad 819wk
ALAULAARIBVINRAUINTU LATAINIEVINRALONALDANDTDA AN INAUULNULAAINUSDUT
el 150-200 seAnwalfea soliuiiain uagdnduasesdinngriiearanlnsiuns
LN NITNAITUNALLADNAIANNIT LT UTIAITAz AL ANINS lad T LA S psaz NSt nduAyY
a
WNAgn
2) Anweianudunse-rnsvasasazanedaninslag

= 1 [~1 1 a & '3 1

AnwAranudunsa-a1gvesalsazaredaninslad en
audunse-ansvesansazarsdianinslad dauddgyreufizenlslasladaveslolalny
nosedlossu lneuiselelasladaiintuusnadiuInysaus R IMTIY0 W ALAULAE
Arpadunsn-asvesasazatedidnivslad imangavdwmalinisniniilaauysallunis

Ja v ~ ¢ a @ ¢ s ! =

Neat daisazatswanluieunaslssidualsazarsdianivnslad lnefnwra1aiudy
AsA-A19Y9a1saraLaNluleumanlsnA1s19nY 5 5EaU N 1.0 2.0 3.0 5.0 kay 8.5
YMN15NAa9lAY WBUNTALUASNAMWTLTY 0.01 Tuans USuins 1 1adans asluaislanaaau

(%

! vy a a a a g d % a aa o
gulvidou wiu 20-30 Wil Ruasazangduduenluoneanyan Asway 1 Taddns 31U
2 A%9 gulviTeu Wuarsazaeuenludounaslsanududy 2.0 land Ysuns 4 daddns
A < 1 ! 1 vy o A =3 = 1 ¥
nenaudunsa-aeeingg guluseu andiunisudnlelelnunessuasuusuainuaalagly

1781 120 U1 Usuanszualudlasusuainszualydn 1.2 wauuds vini1suin
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Tolelnunaissumienseualninasuuukuawnuaanlgansazarsdianinglasd lngiansazane
fnanaisadluwadsaninsiad neuasuivuALaINISHENUSEIa 1 w9l ihnwaulaile
uleasenlad (29%) Usums 1 dadans nindeaunsunan mndulanssualniitdedseen
IMNEAE ALHLALAUIAARIBYINENUINA Y Lard1asBvIndnlefiausanasedliia 219w
unulsiaSoudigaumgil 150-200 esawaidea selvusisain uaziudiaiesdingzs
woananlnsums namimsiansanasdenmeanudunsa-swesasazaredidningladi

WA SavaznislanauAuuniign

3) Anwanilduinlelglnuneiey
e lduinlelelnuneissuiinudiAy szoziiand
winganavyhlinsadnuiuildulansasenladveslelelnunessuazanysal Liwdslelelny
= a g o v o= a = Y
nolfunluaisazaiedn lunismeassti@nwinaiiladuninlelelnunefon lnsfnwiviian
MR 5 58AU LAWA 1387 30 60 90 120 hag 180 W17 vn1svnaedlag LANAsAlUAIn

ANUNTY 0.01 Twans USuns 1 Hadans asluansldneaeu gulvseau wiw 20-30 Jund iy

i
o

asaraneduiuonludousansan afay 1 faddns T 2 A gulifeu WWuasazane
wenlanfuaaslsdmnududu 2.0 lua1s Usuins 4 fiaddns arrnudunse-aawindu 2.0 gu
Tgou dndunisuinlelelnunessuatvuwkuawauaalagldinan 7iszdusieg Usuen
nszualnilasusuanszualnin 1.2 wouwus vinnisuiinlelelnuneiseuaianszualuiiag
VULHUALAULaAMBaNsazatedlaninslad lngdiaisarangdinaiuiuadluiwaasianinsiad
npuAsSUAUUALIaINISRENUTENM 1 W17 wusexlilsulensenlan (2%) USues 1 Haddns
ninfoauasuIal antudanseualiiindidiog19eonainwad d19uNuaLALLAAR Y
1Indadndu uazdrsdaeuindaiofiaweanagedlivia Msvuuduliaudeufigumgd
150-200 sarwaLdud selvuisain wazddaiasinsgiteariauninsuv’ naeinis

a = g v oo = Sy v v Y oA =
fiansanazdenianiliudnlelglnunetoy Alirdesasmslanduiuunniian
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4) AnwAnseualndrilentnlalelnunasey
Anwansewalnirildnidnlolelnunasen Tuniswseu
Hauunglensasanlanvaslalalnunassuasuukuawnuaganigmanabilin nszwaluing

3 =

audfgduegranndeussansammsainiidy Weswnujiseeendnduiivaluiives
ToloTnuneeulinseualniiuasdndluiinfdasumg fadunsiinsvualuiniesinly
Anglniirvesszuugandndnglihdmsulisereendinduvedlelelnuneisouasyel
AaufAseneandinduldedsauysal uazgrelunismdenididnnseulusadavinvie
LHuALALEAR LN Y dreddngliiuUstunsetunseualnin lunisnnaesdfnwen
nszualad 19 ldwdnlolelnunes oy laafnwianseualiilasusuainszualdi
M9 U SEAU bAWA 0.50.7 0.9 1.2 kay 1.5 wauuys vinn1sneasalang LANNSALUASA
ANLNTY 0.01 wans USunas 1 fadans adluansldneaeu gulvseu wiw 20-30 Jund iy
asaraneduduosluiousansan afaay 1 faddns Suu 2 A gulifeu WWuasazane
warlailoumaalsdanududu 2.0 Tuais Usuans 4 Jadans aranudunse-anawindu 2.0
gulisou andunisninlelelnunaiseuasvuunuawauaalagldioan 120 uafl Ysuan
nseualnilneusuainseualnia fiasneg vinsuinlelelnuneiSeudiensyualii
AUULNUALRULAaRBa1saranedannslad Tnsihaisavanednaraivaduwaadidninslad
nouASUAUUALIAINISHENUSEM 1 w7 usenlulisulensenlan (2%) USues 1 Haddns
ninfoauasuLIal ntudanszualiindifiog19e0na nead d19uNuaLALLAAR Y
1Indadndu uasd1sdasvindatefiaweanssadliia Mavuukuliaudeusiguvgd
150-200 9eAalTua solruisain naziidaisdinsgiwoarhanlnsams nasinis

fiansanvzdenanseualninlduiinlolalnunaseunlirsesasmslanduAuunnian

M13197 3.1 agtannenanwvimannsiuuganlumsniinlelelnunaiseumenseualninas

VLN UALAULAaredITaza1edaninslag

U3y annziineass
AANUdLTuYasEnsazareddninslad (luans) 0.5 1.0 1.5 2.0 uag 3.0
AALdUNSA-ANarRsENSarateBlanInslan 1.0 2.0 3.0 5.0 uay 8.5
navosafifinentswinlelelnunedey (wifl) 30 60 90 120 uaz 180
Ansualnin (wauuwus) 0.50.70.9 1.2 uay 1.5
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3.3.1.3.4 nsAnwwiinvesaisazarudianinslanimnsaudiniu
ninlelelnunaseumenseualnihasuuisuaunuaameasavaredaninslas
nsAnwvdavesasararssidninslasimnzaudmiu
nilnlelelnunedoudronssudliihasuwsuawnuaadioaisazaredidninslas dladnu
Wigulieuseningaisazatedianinstas 3via laun 1. @15azaredidnlnslas
(NH4),C,0a/NH,CL 2. @n5azaedianinstasd NaHSO, /H,SO, wae 3. @1savarudianinslas
(NH,4),S04/H,SO,
A5 a1suTdnvesasazateaidninslad 7 (i vay
W15 U787 199 el Armuazdealunisueniia A1AINNUT-UITD IR LT §Y
lansavenladveslelalnuneifsui ndnuuniuaunuiaa A1¥osazn1suin uazamAIm

NN ANVDILNUALAULREN LASUNAINTHEN S18azdann1siansandineseluil

1) AnwAANNaL YA lUNISWENAA

AANLAZREATUNITWENTA ATLINIINAIAIILAIIILAL

=

gsgam3nils (Full Width at Half maximum (FWHM)) wanseaifudndsny aidifuaviios

'
A

LANIINTANUALLDEATUNITHENNATIA d1USULAIBIIATIEYLEaNNAUNINTUNS AlElUNNTITY

A1 FWHM funalaglalusunsy MAESTRO ORTEC® MCA Emulation software @fias

'
[y A

wioudunIesdnszi WesnfieaiUnesuddnuazdy Gaussian deuAdsauuninsgiu

'
1 =K%

JeegNTovay 60 VoIAAGIRiA waAl FWHM agfisesas 50 130A3IMTaU0IAINgIvesiiA

Y

a

WARIAIIUT 3.3 gATNITAIUIN FWHM 91ngasa 1 lagan FWHM AOINTUNUNUINTFIUN

gousuld lagAn FWHM fiasaglugag 20-25 keV

FWHM = 20V 2In2 = 2.350 (1)

7 F e o e N

fmax/2=== oo

0

5UN 3.3 Anuduiussendng FWHM uazeanudeauunnnsgiy
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2) AN®IAIANUNUT-UNTIwNURdUlansananlafvaq
Tolalnunasau NN TN UULHUALA LLAE
ANSAN®IAIUNUN-UNRILR U A lansaaanlanves

v

Lelalnunaseuindnuuwsuawnuiaa 1938 IAmInNgnsn 2 uag 3 [45] il

(1) dinupuNauneisey = UInTNLHUALAULAANDUNTN — UINTNLHUALAULAANAINTN  (2)

(2) ANUVUNVDINUTNAUNDLSEY = UnvinunuduveLsay (3)

AU ILUUYDINBLS U

= ' = @ o
LD ANURULUUYDINDLIYN NINU 11.724 NTUNDAU.YU.

3) AnwIAISBEALNNSHTN
a a = ¥ a
ANsRs1edaUUsEANS A nnsuEnarglWin AN

A13REaYYRINTISHIN AUINANGNTT 4 [45]

YSLANTANNISHEN = ANULIISIANDL58L-229 INLAUNTEN (4)

ANMULSITIENBLTIU-229 LSUAU

4) ANYIAMAINNIINIENTNVDILHUARAUBENEINTHTN
AMAINNNNIBANTDILHUALAUAEVRINTHEN d@unTn
A5y lalagn1sdunnsua1801 1no s NUaENIINITATNT AU LN UALAULAET Lo WS
MsudinfiduvuEuaLpuaaasiianala w1 adnisuiuawmuea Asuune nidnegng

asnvaue hufinamznou

Winlaanizuazysinvaididaninsladnmunzanlunisuinlalalny

a v [ 1% a & & = o A v
NBLSHUABNTEWA T AIUULNUALI ULBARILENSAZA18DLaN N AR 39U@15aLaNeNtaan
99 3.3.1.2 19N15yNsEnlelalnUnelssun8nseka AU LLHUALAULAAAIgA1TALANE
Sianlnslasd uwdarluialolelnuneiSsualeiasaedasiziioananlinsiuns efiaisun
P1I5N15808M8NTANMAUILANTUNITNISAN ALY NN LS UDININNGIDY1AY LAAIITUINN

sFuieusnlolalnunesuuuTansealy
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33.1.4 nmyinmetdlesldindediassiearhaunlngams

msindegalagltiniesiinszitearanlngiund wanadsguil 3.4 4
Funeusisrelud

1) TUnAvdaneuuuthusuauauaaiaiindoudosdnnauutunsaogng
Tuesgayainia Feneluussgiindsdean wuu Silicon ULTRA lon Implanted FuAitud
WA 450 M1IdaaLUnT

2) YaesgayeyiniAtiadn L%%mq yINTe S8AUNINF UL LERIN
wiasTandauldnu

3) Wealndnszualn nadunisin Tdnainsinussana 5-15 i

4) mnaauaLUﬂm%’aﬂmaamﬂﬁﬂﬁ‘dsmgeﬁumuﬁwLmﬂiqwé’mumawaSsm
uraglolylny

5) asavaeuiiuildialaefuilafiaioonsuld Foannndt 1000 S1uauty
Tugrsainisinlaifiu 15 u

6) Tuiinariufildfinvedolalnunesouis 4 lolalny Taadestn Tng
sudiumsdel Intun1sin Janszudlnl Daduaganie

7) sawﬂwsﬁé’agmmuamdwLﬂ'%laﬁwqmﬁwm UnviesgyeyInTA wazi
feE1seen

8) A ulF AN AU AILLS v N fean1snsIu 910

qmﬁ 5 [45]

AULTISIE Thumnow = AIAINLSISIEVDS Th-229 x WUALAAA Thymmow (5)

NUALANA Th-229 x U1mindleeng

UM 3.4 msiamegisiginseskearhaninsiives
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3.3.2 nadauanuldlavesnszurunisimsizilelelnunassulufudlemaila
Fuaiised Tnewndosdnsnzineaniawninsams

NiTudwTians Wihnssuiunsienzdlelelnuneeulufussmadags

1Ai$98 Tneind sTinszriuoarhanTnsumn3ilasmund ulml smeasuaiuldlaves

ATTUIUNITIATIZI WNBEUTUINNTLUIUNITHASIEINNAUNIVULAL @U150lANANTSILATIZIN

ee

[

TAMUT WY ANULLUG kazAuienss naulnlulddwsgilelalnunassulufunae
WAl wATlSIE Tneaseedaseikearnaninsuns nsnageuanuldlanvueaisiwsiz o

[

&
JU

3.3.2.1 AnwAuInig (Selectivity)

Anw1AuTnnslaglda1suInsgIue 198998 INUIINITHE 191U
Usunaysendnelseing SRM IAEA 327 [46] Aiasnziilelelnuneiseusiginaiaduniised lng
iwdosiianeiuearhaninsuyififau il

ﬁmimﬂmammaa‘uaLﬂﬂm%’uﬁlﬂﬁﬂguul,ﬂ?aﬁl,mwﬁl,LaaWW
anlnsiam’s edesiliiins 4 fin waznansianssiuimamdanuveslolelnuneFoy loun
NOITUN-232 MI9l3831-230 NeF81-229 LAy Nel3u-228 uansfiafingaanu 4.010 4.686 4.845
uaw 5.423 MeV nuddu uagarmuazdealumateniia fadusdnnusinizeesis
Sz arunsaiiaselelelnuneissuruinainaianunitadugsgnas anis
(Full Width at Half maximum (FWHM)) festutnasisnasgiufiseusuls Tneen FWHM dos
ag/lugae 20-25 keV

3.3.2.2 Any1Indninn13ngavin (Detection limit)
1) Anw1RAAANI5RI2930 (Limit of detection; LOD)
= a o L2 o v v a al
ANw1TnTiAN13R59990 Inen13innauLsesidvemaioy Ty
WURAIA TLAT1EME 10 AT 1U1A1AINWTTed T ba luAuaumiA1 daud sauuninsgiu

(Standard deviation; SD) @inaAUIUMANIATINANISATIVIAAINGATN 6 [47]

LOD = 3xSD (6)
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2) ANUAIIAANITATIVIALTIUIIA (Limit of quantitation; LOQ)
ANYITATINANITNTIVTA 1aen15TnA1NLSISIdvnanatsey Tu
WUASA AT 10 ASY U uwsesadnialumumamadiu s suuuinggiy edia

! dl o A o L2 U a 2 dl
ﬂ’J‘NL'UENL‘U‘Llil’]@32’1‘141]’]ﬂ’]u%m%’]ﬂ’mﬂ‘ﬂ’]ﬂﬂﬂﬁimi’]ﬂ’mLsﬁﬁﬂim’]m%’]mj@i'ﬂ 7 [47]

LOQ = 10 x SD (7)

3.3.2.3 AnwiAnuuiugl (Accuracy)
= 1 o aaa = ¥ a a av a
AnwiAnukdugIvelsiaseilelelnunaissualemaladwails
TneLAs 893As Y wear AU NS I A NauIT wlud vilaannaisseaznistanduAy
(% Recovery) laglAnans33@no13u3-229 AU 0.2 luamstsananlansy Tuans SRM
IAEA 327 $8991NUULIAIAMULSISIENDIS 8 NEAA1NN1SNART UIAIUIATSB8aENTTLe
Y A

I3 a v Y o A a a ¢ ad ) vy
ﬂaUﬂu'ﬁnﬂq@ﬁ 8 Lﬂm‘ﬂﬂ'ﬁ’Wf\]qimqﬂqiaﬂaﬁﬂq'ﬁl@ﬂa‘UﬂuﬁLUVl'N‘U']LﬂaEJiLﬂlWlEJ'P]@JTUVL@I@EN

@1 > 70 [47]

% Recovery = __Ausess@nasouiala  x 100 (8)

' U = a '
ALLIIINANDEIYUNNTIUAN
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NDL38-228 38.20 + 1.00 38.23 + 0.31 100 + 0.8
NDL3YU-229 ND 0.19 + 0.01 97+ 2.9
NBL38U-230 34.10 + 1.70 34.47 + 0.31 101 £ 0.9
NDI3YU-232 38.70 + 1.50 39.27 + 0.15 101 + 0.4
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4.2.3 NaN1SANEIAINTBINTS
1) NaN1SANYINITVINGN
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NOITEN-228 NoI3YU-229 NOIIEN-230 NOITEN-232
1 38.40 0.19 34.20 38.90
2 38.10 0.18 34.50 38.60
3 38.70 0.17 34.10 38.90
4 38.20 0.20 34.30 39.00
5 38.80 0.21 34.40 38.50
6 38.50 0.22 34.40 39.10
7 38.00 0.20 34.20 39.30
8 38.30 0.20 34.80 39.40
9 38.60 0.19 34.50 38.80
10 38.90 0.20 34.60 38.60
38.45 0.20 34.40 38.91
SD 0.27 0.02 0.21 0.30
%CV 0.71 7.70 0.61 0.76
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e NOISEN-228 NoI3YN-229 NBL3YU-230 NDL3U-232
1 39.00 0.26 34.70 39.30
2 38.40 0.21 34.60 38.90
3 38.70 0.22 34.50 39.10
4 38.10 0.20 34.30 39.00
5 37.90 0.19 34.00 38.40
6 37.90 0.18 33.90 38.50
7 38.10 0.22 34.00 38.80
8 39.40 0.25 34.90 39.70
9 38.40 0.20 34.30 39.10
10 38.30 0.20 34.70 38.60
X 38.42 0.21 34.39 38.94
SD 0.51 0.03 0.35 0.40
%CV 1.34 12.45 1.01 1.02
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Abstract. Soil core samples from upland maize field at Mae Ramah district, Tak province
were analysed for thorium isotopes using the modified method. The measures Th-232, Th-230
and Th-228 revealed that the rock parent material is the dominant source at these sites while
fertilizer is an important supplement. Migration behaviour of Thorium isotopes varying with
seasonal and human activities during cultivation period such as ploughing, harrowing, and
applying fertilizer resulted in different distribution of Thorium isotopes in soils. It was
observed the descending and ascending of Th-232, Th-230 and Th-228 concentrations in maize
soils along the 250 meters line transect sampling. The highest Th-232 found in the upland
maize soils was 11.76 Bg/kg or 5344.56 th‘n2 while the lowest was 1.88 Bg/kg or 289.40
Bg/m’. Erosion and deposition of topsoil in the site should be the most possible reason for the
significantly lower thorium isotopes values and vice versa along downhill soils. These results
demonstrated that Thorium isotopes could be applied as an ideal substitute of Cs-137 for soil
erosion study in the future. Further study is to collect additional line transect sampling
including increase with the distance.

1. Introduction

Soil is considered as a non-renewable resources. Time for soil forming processes is relatively long;
however, degradation rate is rapid. Soil degradation is increasing worldwide and threatens sustainable
land use. Major source of soil degradation mainly linked to water erosion which impacts on nutrient
loss, siltation load, reservoir sedimentation, and groundwater pollution. Sediment delivery to streams
and rivers can cause flooding and decreases soil fertility. Soil erosion induce socioeconomic problems,
lower houschold incomes, food insecurity and poverty. The earth surface of 23% or approximately 5-
10 million hectares has been affected by soil erosion each year [1]. The highest degraded land occurs
in Asia due to rapid population growth, land-use changes, inadequate land-use planning and
regulations to control soil erosion [2].

Erosion is a serious problem for productive agricultural land and for water quality concerns.
Controlling the sediment must be an integral part of any soil management system to improve water
and soil quality. Eroded topsoil can be transported by wind or water into strcams and other waterways.
Sediment is a product of land erosion and derives largely from sheet and rill erosion from upland
areas, and to a lesser degree, from cyclic erosion activity in gullies and drainage ways [1-2].

The Northern region of Thailand is vulnerable to soil erosion due to its undulating topography,
steep slopes, high rainfall and land use change from forests to agriculture or to urbanization Erosion of
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soils is a gradual process which passes mostly unseen especially on upland-cultivated sites but may be
responsible for high sediment loss. Conservation method on soil erosion monitoring needs regular and
long term period sampling to detect trends. Thus, the alternative methods for estimating soil erosion
by using naturally radionuclides in the soil, sampling survey including geo-statistics have been
proposed [3-4]. However, Thorium isotopes as a soil erosion tracer for assessing soil erosion rates is
scarce in Thailand.

Thorium (Th) is abundant in the Earth’s crust, being almost three times more abundant than
uranium. Thorium is found in small amounts in most rocks and soils. Thorium occurs in several
minerals, the most common being the rare earth-thorium-phosphate mineral, monazite, which
contains up to 12% of thorium oxide. Granitile contains up to 80 mg/kg of Th. In the environment,
thorium exists in various combinations with other minerals, such as silica. It is commonly accepted
that most Thorium compounds found in the environment do not dissolve easily in water and do not
evaporate from soil or water into the air. Thorium is a typical lithophilic element, and its geochemical
behavior is very similar to that of rare earth elements. The geochemistry of Thorium is simplified by
the existence of just one valence state, +4. Since Thorium is commonly found in phosphate rock, the
raw material of phosphate fertilizer. Therefore, applications of phosphate fertilizer in the cultivated
soil would eventually enhanced Thorium level in the soil [5-6].

The aim of this study is to apply nuclear technique to 75 upland maize soils in Mae Ramah district,
Tak province with the purpose to use **Th, **°Th and ***Th as indicator for soil disturbance.

2. Method

2.1. Study area

The study arca Mae Ramah district is situated in the Tak province (figure 1). The bedrock mostly
consists of rocks range in age from Precambrian to Quaternary. The common lithologic associations of
these rocks are mainly granitic to granodiorite para-gneisses, mica schist, hornblende schist or
amphibolite, calc-silicate and marble of the Almandine Amphibolite Facies with frequent
collaboration of orthogenesis, migmatite, pegmatite, aplite and granites [7-8].

Figure 1. Location of the study area [8].

The geographical coordinates of Maec Ramah are 16.984 degree latitude, 98.517 deg longitude, and
195 meters elevation. The topography within 2 miles of Mae Ramah contains significant variations in
elevation, with a maximum elevation change of 165 meters and an average elevation above sea level
of 192 meters. Within 10 miles contains significant variations in elevation (945 meters). Total area of
the Mae Ramah district is 1,476 km”. Mountainous with evergreen and pine forest covers 80% of Mae
Ramabh district. Within 81 km contains large variations in elevation (~207 meters). The area within 3
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km of Mae Ramah is covered by trees (100%), within 16 km by trees (85%), and within 81 km by
trees (69%) and cropland (17%). Agriculture is a major part of the Tak economy. The province of Tak
produces rice, corn, vegetables, fruit, beef, tilapia and other foods. Industries in Tak include granite
quarrying and jewelry.

In Mae Ramah, the wet season is oppressive and overcast, the dry season is humid and partly
cloudy, and it is hot yecar round. Over the course of the year, the temperature typically varies from
16°C to 36°C and is rarely below 12 °C or above 38 °C. Mae Ramah experiences extreme seasonal
variation in monthly rainfall with average annual rainfall of 1540 mm. The Képpen-Geiger climate
classification is Aw [8].

2.2. Sample collection and preparation

Three transects of 250 m length were established in the transition zone of fragment forest to maize
agricultural land. Soil cores were taken at 25 sampling points separated by consecutive sampling
intervals of 10 m along each transect from up-slope to down-slope. Each transect were 20 meters
intervals.

The samples were taken by soil corer (Eijkelkamp, Netherland) at depth level of 0-30 cm during
2018-2019. All fresh soil samples were air-dried, crushed and sieved through a 125 micron mesh
sieve, homogenized and stored in zip lock plastic bag for chemical analysis. In each sampling point,
five grams of dried finely grounded soil sample was processed.

2.3. Thorium isotopes determination
Thorium determination in this study was based on the modified technique [9]. Briefly, thorium
radionuclide analysis was performed using 3 g of dricd homogenized soil sample together with 0.12
Bq **Th as internal isotopic tracer. The sample was digested with concentrated HNO. It was slowly
heated on a hot-plate until the reaction started. The solution was evaporated to foaming to destroy the
organic matter until the incipient dryness was obtained. Due to foaming, the reaction rate was
controlled by cooling or lowering the temperature. The sample residue was subsequently digested with
HCIO, HF, and then HCI. The dry residue was finally dissolved in 9 M HCI and passed through ion-
exchange resin. There are many kinds of ion-exchange resin. Most of them are typically organic
polymers onto which functional groups are attached. 90% of the polymers are polystyrene matric. In
this study, cation chloride form (AG 5x 8, 200 mesh) exchange resin (Bio-Rad Lab) was used. Then,
the thorium isotopes contained in the solution were electroplated onto a stainless steel disc and
simultancously measured by alpha-spectrometer. Measurements of thorium alpha particles emitted by
the disc was performed with low background 450 mm? ion implant detector from ORTEC EG&G
connected to an Octete Plus alpha spectrometer.

Quality assurance of analytical results was ensured by analysis of IAEA certified reference
materials (IAEA-375 soil) with good results.

3. Results and discussion

As the maximum depth of cultivation at the site is 20 cm, it was initially considered that a sampling
depth of 35 em would be sufficient to include all the Thorium isotopes within a soil profile. This was
found to be the case where the point inventory was less than the up-slope level, indicating that erosion
had taken place. With this approach, it is possible to identify a clear pattern of erosion on the upper
parts and deposition in the lower zones of all the sloping fields. Slope gradient is a very important
factor affecting soil erosion intensity. In this study slope gradient was approximately 17%.

The measures 2**Th, 2*Th and **Th revealed that the rock parent material is the dominant source at
these sites. It was observed that phosphate fertilizer were applied at the actual growth period of maize.
Thus, trace of Thorium isotopes in phosphate fertilizer would be enhanced naturally Thorium levels
the soil [5-6]. It was observed the descending and ascending of **Th, ***Th and ***Th concentrations in
maize soils along the 250 metres line transect sampling (figure 2). The values of **Th associated with
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the 75 sampling points indicated the highest ***Th found in the uzpland maize soils was 11.76 Bq/kg or
5344.56 Bg/m* while the lowest was 1.88 Bq/kg or 289.40 Bg/m”.
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Figure 2, The distribution of B2Th, 2°Th and **Th in the upland maize soil along the transect.

In this study case, the change from erosion to deposition occurred near the mid-point of the field. In
the sloping area, the lower Thorium isotopes trace from soil surface at the upland area could be caused
by slowly removal of the topsoil where the Thorium isotopes were normally accumulated in the flat or
in the depression area, enhancing soil particles with Thorium isotopes trace. Area with lower values of
Thorium isotopes; therefore, was an erosion site and the higher values was a deposition site.

Since radionuclide on earth surface is fixed particularly at fine size soil particles. In the higher
annual rainfall, spreading by fine soil particles transport proceed faster [5]. The rainfall totals
associated with the different erosive events in the study area ranged from a minimum of 5.4 mmto a
maximum of 98.4 mm. with a mean of 32.7 mm. Previous studies have been revealed the probable
impact of climate change on soil erosion. Below about 320 mm of rainfall, soil aggregate stability was
uniformly low because of the influence of high levels of water soluble salts; above 320 mm aggregate
stability varied according to the way in which temperature influenced organic matter dynamics.

Considering the slope and response unit scales and the relationships of climate to aggregate
stability, the results showed that the important factor influencing aggregate stability was the degree of
shading. Under vegetated or litter covered areas high values of aggregate stability were found. Just as
at the humid sites at the landscape scale, favorable organic matter dynamics resulting from a large
turnover of organic matter and production of soil stabilizing substances and roots, gave uniformly high
levels of aggregate stability. Conversely, areas of soil not covered, had a uniformly low level of
aggregate stability, sometimes as a result of dispersive conditions resulting from small amounts of
water soluble salts. This is why the areas of low biological activity are the most vulnerable to erosion
under intensive disturbance regimes. The more resilient areas are subject to the most disturbance. The
relationship of climate to erosion will therefore depend on the effect of climate at different scales.
Over a period of months or a few years erosion will be related to the actual amount of rainfall that
occurs along transects and to the aggregation (erodibility) status of the soil. Over a period of 15-30
years it will be dependent on the stability and resilience of the soil and vegetation and the frequency
and severity of disturbance (fire and grazing) in combination with the amount of erosive rainfall [10].

The study demonstrated the potential for using Thorium isotopes measurements to obtain
information on soil erosion and soil redistribution within upland cultivated maize. Further study is to
collect additional line transect sampling including increase with the distance.
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4. Conclusion

Soil samples were collected from the upland farm cultivated with maize situated at Mae Ramah
district, Tak province during 2018-2019. #2Th, *°Th and **Th technique for assessments of soil
erosion has been applied in the upland maize soil. The soil at the sloping area contained less Thorium
radioactivity than those of low-lying area due to the topsoil removal by rate of erosion process. The
study demonstrated the potential for using Thorium isotopes measurements to obtain information on
soil erosion and soil redistribution within upland cultivated maize. Further study is to collect
additional line transect sampling including increase with the distance.
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Abstract

Thorium isolopes mainly of phosphate fertilizer origin were frequently reported on their
conlamination in agriculiural soil, siream and river sediment, vegelables and waler resources.
Thorium accumulation in human body leads 1o hedlth hazard due 1o alpha emission. Therefore,
thorium isolopes conlent is essential for safely assurance. To oblain reliable and accurale resulls
on thorium analysis, sample preparation is an important step. This presented sludy was 1o evaluate
the efficiency of three purification methods using ion exchange technique. Three different ion
exchange columns namely method A (AG1-X8, Cl- form), method B (AG50W-X12, H+ form) and
method C (the commercially pre-packed column) were applied after complete dissolution of the
soil with mineral acids. Method A eluted thorium from resin column with 0.2 M hot hydrochloric
acid while method B and C eluted with 0.05M oxalic acid. Purified thorium isotopes from each
methods were electro- deposited on stainless steel discs and simullaneously measured 22Th, 22°Th,
22Th and ?*Th (tracer) by dlpha spectromelry. Reproducibility and accuracy of the proposed
methods were evaluated through replicated analysis of standard reference materials from the
Intemnational Alomic Energy Agency. Method A revealed the most efficient purification method for
thorium isotopes analysis in soil with radiochemical recovery ranging from 90-94% and the peck
resolution (FWHM) was 25 keV.

Keywords :  Thorium Isolopes, Soil, Purification Method, lon Exchange Technique,
Alpha Spectromelry

1. Introduction
Thorium is a radioactive element of the actinide series, discovered by Jons Berzelius in
1828. It is solid under normal conditions, atomic number 90, atomic weight 232.04, and chemiccl

symbol Th. Thorium is a naturally occuriing in the earth’s crust and is present in all uranium ores.

It is a major element found in monazite and it is present in significant amounts in the minerals
/.;\
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zircon, lilanite, gadolinite and betdfite.  Thorite, uranothorite and thorianite are the minerdls
commonly found. The amount of thorium in earth’s crust is about half as abundant as lead and is
three times more abundant than uranium. Thorium exhibits an oxidation state of +4 in almost all
of ils compounds. The Th** ion forms many complex ions as an oxide (ThOy), phosphate (ThHPO4),
and silicate (ThSiCy) and lend fo have affinities with hydrocarbon complexes (Jia, 2017; Yusoff,
2016). Thorium properties are shown in Table 1

Table 1. Thorium element properties (Jia, 2017; Yusoff, 2016).

Thorium Element Properties

Atomic number Q0

Atomic weigh 232038

Meliing point about 1,700 °C (3,100 °F)
Boiling point about 4,000 °C (7,200 °F)

Spedific gravity about 11.66 (17 °C)

Density 11.72 gem™ at 20°C
Oxidation state +4
Electronic shell [Rn]6cP7s

Thorium dioxide (ThO2) has many industrial applications due fo ils refraciory propery.
It is formerdy added to glass during manufacture to increase the refractive index, producing
thoriated glass for use in high-quality camera and telescope lenses. Thorium s also used 1o make
ceramics, welding rods, fire brick, heat resistant paint and metals used in the aerospace indusiry,
as well as in nuclear reactions. Thorium has the potential fo be used as a fuel for generating
nuclear energy. There is apparently more energy available from thortum than from both uranium
and fossil fuels.

Thorium is found at trace levels in soil, rocks, water, plants and animals. It was reported
that in Granite lile conlains thorium up to 80 ppm while ocourred al an average of 6 pg/g in
natural sail (ia, 2017; Yusoff, 2018). Previous studies reported that shale and phosphate rocks
have relatively high thorium levels Bojoga et al, 2019a; Bajoga et al, 2015b; Maxwell el al,
2013). The conlaminations of thorium isolopes in agriculural soil were resulling from long term
applications of phosphate fertilizer (Maxwell et al, 2013; Sahu et al, 2014; Chauhan & Kumar,
2015). The findings of previous studies revealed that the transfer of 2*2Th from soil fo rice grain
and potato plants increased with increase in the amount of ferdilizer and planiation time. Early
fertilizer application to soil dlows the plani 1o absorb more nuirients, as well as soluble
radionuclides (Chavhan & Ku»r;]ar?.QO'\S; Nain/gt;_al_, 2013; Alsaffar et al, 2016). #2Th
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concentrations in rice grains were increased as maximum by 16% (Nain et al, 2013). Thorium in
soils can form soluble carbonate complexes and leach into groundwater as well as transfer to
plants and farm animals. Naturally occurring thorium exists as 2*2Th, 2*°Th and 2%*Th while synthefic
isotope is ??°Th, all of which are radioactive. Thorium is therefore considered as one of the highly
radioloxic elements, due Io its radioactivity as the daughter products decay of other o, B and y
ray. Inhaling thorium dust will remain in the lungs for a long period of time and will cause an
increased risk of developing lung cancer. Thorium via digestion typically leaves the body through
feces and urine within several days. The small amount of thorium left in the body will enter the
bloodsiream and be deposited in the bones where it will remain for many years and will resulting
of bone cancer (Jia, 2017; Yusoff, 2016). The long term application of phosphate fertilizer is a
potential source of enhanced thorium level in cultivated soil, and the resulling environmental impact
should be considered carefully to ensure safety and compliance with environmental regulations
(Shakhashiro et al, 2011; Bolivar et al, 2000). Therefore, the investigation of thorium isotopes in
soil is imperative to achieve the data required for esfimation of the hazards from 2%2Th, 2*°Th and
226Th on agriculural soils.

There are different radiometric methods such as alpha and gamma spectromelry, neutron
activation analysis (NAA) and liquid scintillation spectromelry, visible spectrophotometer, inductively
coupled plasma-atomic emission spectiometry (ICP-AES), thermal ionization mass spectromelry
and inductively coupled plasma-mass spectromelry (ICP-MS). However, NAA, vollammeltry, and
spectrophotometric lechniques are used to detemmine the total thorium content in the samples.
Whereas gamma speciromelry is a suilable method for analysis when the daughler radionuclides
are in equilibrium with the parent 2*2Th. The technique of alpha speciromelry is used to delect
alpha parlicles and to delermine their energy. In this way the technique is able 1o provide
simullaneously quantitative information (i.e. the aclivity) and qualitative information (the identity) on
any radionuclide that emits an alpha pariicle. The advantage of Alpha spectromelry compare with
the other instruments mentioned above is ifs sensitivity and selectivily. Alpha spectromelry is the
reliable method for defecting 226Th, 2°Th, and 2*?Th simullaneously. Considerable studies indicated
that alpha spectrometry was a well-established method that could precisely measure the thorium
isolopes al Irace levels down to aclivilies of 0.3 mBq as in case of vegelation, soil, and biclogical
samples that the other instruments could not detect. (Kulsawal et al, 2019; Canbazoglu & Dogru,
2013; Choi et al, 2008; Bolca et al, 2007).

Sample preparation is usually different for each type of sample matrix. As already
known, soil is the most complex and difficull medium for thoium isolopes delermination in

environmenlal samples due fo refractory thorium compounds. However, all sample preparations

are designed lo concentrated and purified or remove impurities from the sample and convert it
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spectrometry (Jia 2017; Aggarwal 2016]. Several radiochemical analytical procedures have been

developed based on extraction with liquid organic solvents, ion exchange column, and ready-to-

use packed column. However, the liquid-liquid extraction method is time consuming, generale
high amounts of toxic waste (organic solvent) and do not always allow for high chemical recovery
yields. Whereas ion exchange column technique of both cation and anion exchanger have been
the best choice for purification of thorium with reproducibility and reliability, high recovery yields,
and low time demands, [Olivira & F.P. Carvalho].

2. Research objectives

This presented study was to develop radiochemical method on the purification process
using ion exchange technique. Reproducibility and accuracy of the developed method was
evaluated using two standard reference materials from the International Atomic Energy Agency
(IAEA SRM-368 and IAEA SRM-375). This proposed developed method measured thorium isolopes
of 225Th, 2*Th, and ?*?Th by alpha spectrometry.

3. Materials and Methods

3.1 Sample Digestion

For digestion process, the blank and the standard reference material of marine sediment
(IAEA368) and soil (IAEA375) were digested in Teflon beaker with a sequential of mineral acids
(HNO3, HCIO4, HF, and HCL). The final solution was in a media of @ M HCI.

3.2 Thorium Purification Method

The chromatography column is prepared as the followings:

1. Method A (AG1-X8, CI- form, 100-200 mesh)
2. Method B (AG50W-X12, H+ form, 100-200 mesh)
3. Method C (the commercially pre-packed column)

Each column was conditioned before introduction of the sample solution using distilled
water and @ M HCL Load the sample solution on the conditioned anion exchange column with
the adjustment of the flow rate (1 drop/é seconds) under gravity flow. - Eventually, skip thorium
fraction from the column by passing 50 ml @ M HCL solution through the column. The furher
purification for thorium fraction was carried out.

3.3 Thorium Elution Step

After the first purification, thorium in the @M HCI was undertaken as the following

1. Method A: thorium solution in @ M HCl was evaporaled o dryness and eventually
converted into NO;3™ form by dissolved with 8M HNO; Then the solution was passed through the
anion exchange resin column. Subsequently, thorium was eluted in 100 ml 0.2 M HCL (hol)

solution from the second column.
R
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2. Method B and C: thorium in @ M HCI was loaded into each method column

and thorium from both methods was stripped from the second column by passing 100 ml 0.05 M
oxalic acid.

The solution from all methods were evaporaled slowly 1o dryness. After dryness, 20 ml
65% HNO; was added, then evaporated to dryness. Repeated this slep iwice and evaporated
to dryness. After dryness, the source of thorium was prepared by electrodeposition method.

Electrodeposition of thorium was performed on the polished surface of stainless disc
with a platinum wire as anode. The electrodepasition processes and cell design was proposed
by Kulsawat et al. (2019) The electrodeposilion was underlaken during 2 hr with eledric current
of 1000 to 1200 mA. Finally, it was counted by passivated implanted silicon detector with a
surface area of 450 mm? atiached to EG&G ORTEC (Octete Plus) alpha spectrometer.

4. Resulfs and Discussion

This study developed a new method for purification of thorium isotopes using three
comparative method; namely, method A, method B, and method C. The developed purification
method using ion exchange technique which method A was AG1-X8, CI form resin and then
eluted with 0.2 M hot hydrochloric acid. Whereas method B was AG50W-X12, H+ form resin
and method C was the commercially pre-packed column. Both method B and C were eluted with
0.05 M oxdlic acid. Estimations of the elution peak maximum values for each method under
conditions that achieved highly-pure fraclion were determined by Alpha spectrometry at Thailand
Institute of Nuclear Technology (Public Organization). To evaluate the method, ?*Th tracer and
the International Atomic Energy Agency (IAEA) standard reference materials were performed. These
experimenis were designed fo determine the radiochemical recovery, purity, and alpha-speciral
resolution that could be achieved using the method.

The IAEA standard reference materials (IAEA SRM-368 and IAEA SRM-375) were used
for validated the developed method. Reproducibility was tested through five repeated analysis of
the same homogeneous soil sample material. The soils were acid digested to allow leaching of
thorium isolopes. The purification process of method A, method B. and method C were carried
out comparatively. The oblained solufion was electrodeposited on stainless steel disc and was
measured using Alpha speciromelry. The performance of puiification and elecirodeposition sleps
is crucial to obtained alpha sources of good quality which usually a blue-like color taints the
stainless steel suface and no dark color deposit is visible. Method A were gave a good quality
of alpha source compare with method B and C. Counling fime was adjusted o the activily in the
sample discs fo obtain a counting slalistics belter than 5% relative uncertainty.

The general methodology of thorium purification proposed in this work is based on the

adsorption properiies of thorium [Bednar el. al. 2004]. Prior 1o the comparative siudy of three ion
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exchange resin types, samples of thorium solution (9M HCI) were primarily treated by loading
into the firstion exchange column. In the first column of anion exchange resins (AG1-X8, Cl- form),
thorium was not adsorbed on the resins in a concentrated hydrochloric acid medium but impurities
elements of uranium and its small amount of daughter products were adsorbed. The uranium was
relained on the exchanger as a negative uranium chloride complex, while thorium, which did not
form chloride complexes, passed through the column. Hence, thorium would remain in the eluent
of @ M HCl and ready to load into the second ion exchange column of method B and C. Except
in method A, the loaded solution of thorium was converled to nitrate form using 8 M nitric acid.
The exchange resin types of AG1-X8, Cl form (method A), AG50W-X12, H+ form (method B)
and pre-packed column (method C) were reacted as follows:

1 In the second purify column containing AG1-X8, Cl- form (method A), thorium was
adsorbed and was easily eluted with hot 0.2 M HCI. The explanation is thorium isotopes were
absorbed on the resins in HNO; medium but not adsorbed in HCl even at low concenlration.
On the contrary, the impurities elements were not absorbed on the resins in HNO; medium.

2 In the AG50W-X12, H+ form column (method B), the method began with the
elution of uranium and most other matrix elements. Thorium was relained in this type of cation-
exchange resin. Finally, thorium was eluled with 100 ml 0.05 M oxdlic acid.

3 Method C (the commercially pre-packed column) the reaction was the same as
method B. That was uranium and other impurities were eluled in @ M HCI, following consecutive
elution of thorium with 100 ml 0.05 M oxdlic acid. It was worth to note that this ready to use
packed column was discarded after used which generated waste materials that took a long time
lo completely break down.

Table 2 shows the resulls obtained by each method as well as the IAEA recommended
concentration values. Reproducibility test indicated that resulls of method A were comparable to
the IAEA values and shown the consistenlly high reproducibility (accuracy and precision) with
good recovery yield and resolution. However, resulls oblained by method B and C revealed lower
reproducibility (accuracy and precision), recovery yield and resolution than method A. Experiments
demonsirated that losses for thorium with AGS0W-X12, H+ form resin and commercially pre-
packed column were higher than with AG1-X8, CI form resin.

Ry

////L\f:

117




23 IO (@) @ i

afvl 4 wa. 2564
o0

The 4" Natioral

Table 2. Analytical results of IAEA standard reference materials revealed reproducibility (accuracy

and precision), radiochemical yield, and speciral resolution.

Resolution
Item B2Th 20Th 28Th % yield
- (keV)
IAEA-368 (Marine
0.3 26.7 1

sediment)
Recommended

0.06-23 24.1 - 28 0-2
Values Range
Method A 0.3 +0.1 258 +0.3 1.3 +£0.01 Q0 - 94 25
Method B ND 313+1.2 36 +02 53 - 60 31
Method C 1.9+ 0.1 219415 24+02 65-72 28
IAEA-375 (Sail) 21 205 ND
Recommended

17-25 192 - 219 ND

Values Range
Method A 172 +02 20+ 03 ND Q0 - 94 25
Method B 18 + 04 15+ 21 28 +02 53 - 60 31
Method C 15+04 23+ 14 16+02 65 -72 28

The resulting spectrum shown natural thorium isotopes; 2*Th 3.9 MeV, ?°Th 4.6 MeV,
227Th 5.4 MeV, and tracer ?7Th 4.8 (mulliple peak) MeV with a resolution full width at half
maximum (FWHM) of 25 keV (Figure 2).
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The advantage of the developed purification process by using manipulated ion
exchange column of AG1-X8, CI form resin (method A) instead of using manipulated ion
exchange column of AG50W-X12, H+ form resin (method B) or ready-to-use chromatography
column (method C) were the relatively high performance with higher reproducibility, recovery yield
and resolulion, .less cost and generaling a lower plastic column waste with the purchase of
commercially pre-packed column.

5. Conclusion

Thorium in agricullural soils were found 1o be higher in case of phosphate fertilizers
used compare with natural forest soils. This caused by the presence of thorium in the phosphate
rock; raw materials used for the phosphate fertilizer production. Thorium will remain strongly sorbed
to soil and its mobility will be very slow. Uplake of thorium can cause significant damage 1o
internal organs which evenlually develop cancer of the organs. Therefore, the present study has
been regards as of importance to develop the purification method for thorium analysis in sail
matrices with accuracy, reproducibility and high performance. The developed purification process
was based on ion exchange technique. It found that the column packed with AG1-X8, CI form
resin and then eluted with 0.2 M hot hydrochloric acid revealed the most efficient purification
method for thorium isolopes analysis in soil with radiochemical recovery ranging from 90-94%
and a resolution full width at half maximum (FWHM) of 25 keV.

6. Recommendations

The purification method for thorium analysis in soil matrices by using ion exchange
lechnique is clearly feasible. However, the proposed suggestions for further study are:

6.1 To extend the use of this method to fresh-water sediments

6.2 To try expanding the method to analyse uranium isolopes from the same sample

as thorium isolopes are.
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Abstract:

The present study was to investigate the vertical distributions of 2*2Th in paddy soils of rice straw in-situ burning
and no burning in Chiang Khwan district, Roi-et province. Samples were randomly collected at depth levels from 0
to 30 cm. 22Th was determined by using radiochemical analysis and alpha spectrometry. Risk assessment of the
radiological hazard has also been estimated. Results of 222Th activities in the straw burning plot ranged from 5.255
0.353 to 13.438 + 0.566 Bq.kg™! and in no-burning plot from 4.325 + 0.341 to 11.541 + 0.562 Bg.kg™?, respectively,
which were within the reported world mean. The values of 2°?Th dramatically decreased along the depth of soil
profiles in both plots. The studied results revealed that the Z2Th concentrations in burn soils were higher than those
in no-burn soils. It was suggested that levels of 22Th concentrations in the soil were affected by the application rates
of phosphate fertilizer. The range values of external air-absorbed dose rate and annual effective dose were 3.174 to
8.117 nGy.h ! and 3.648 to 9.954 puSv, respectively, in the straw burning plot and 2.522 to 6.971 nGy.h' and 3.093
to 8.549 uSy, respectively, in no-burning plot. These values were far below the minimum recommended safety values
of 1 mSv. Therefore, these areas were safe use as far as radiological health hazards of the living populations are
concerned.,

Introduction:

Rice {Oryza sativa L.} is the primary food staple for Thais with per capita consumption ranging from 80
kilograms (kg) for city households tc around 155 kg for rural households. Thailand is not only one of the world’s
largest rice producers; it also remains the world’s largest rice exporter. [1] Therefore, the sustainability of rice
cropping systems is important to the food security and economy in Thailand. Changes in soil properties caused by
cultivation and management and thelr consequences to soil productivity have generated significant concerns,
Evidence indicates that the degradation of soil quality is a key factor for the observed declining yield [1, 2]. The
challenge Is to find a paddy field management system that is economically and environmentally sustainable. Burning
rice straw and stubble is a common method used to facilitate soil preparation. This practice decreases soil organic
carbon levels compared to soil in its natural condition which increases the risks of soil degradation. Removal of rice-
straw from the fleld limits the return of soll N, P and K element in solls. Meanwhile, retaining rice straw on the
surface {no burn management) is one possibility for improving soil quality and cutting the risks of soil degradation.
However, straw burning practice Is to prevent effect of plant pathogens or deleterlous rhizosphere microorganisms
and te destroy a specific rotation on pest species proliferation such as stem borers, stalk rot, and leaf blight which
negatively affect plant growth and yield [2, 3].
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Maintaining an adequate supply of nutrients for high rice yields on paddy soils is fertilizer applications.
Chemical fertilizers are important in modern agriculture of both plant bio-mass retention and in situ burning
practices. Rice is highly variable in its response to fertilizer application, depending on soil type. The best use of
fertilizer for particular soil types at the appropriate rates are formulated from local knowledge and experience and
from the results of fertilizer trials conducted by the farmers. However, farmers want to ensure good crop yield by
using more than the recommencded rates, and apply so much such that it has a residual effect on both the soil and
the crop. Fertilizers that are not taken up by plants during the growing season would accumulate in the seil. This is
what is referred to as fertilizer residues and it is the effects of such residues on scil and human health as a
consequence. [4, 5]

Phosphate rocks, raw material of phosphate fertilizer are source of **Th decay products. It has been
reported that an annual crop rarely takes up more than about 25% of the phosphate applied to it as fertilizer. Thus,
the long-continued application of phosphate fertilizers can redistribute and elevate thorium in soil profiles and
conseguently its external exposure to the outdoor occupation [6-9]. Thorium is considered as one of the highly
radiotoxic elements, due to its radioactivity as the daughter products decay of other alpha (a), beta (B}, and gamma
{y) ray. The external radiological implication of this radionuclide is due to the y ray exposure of the body. [8-10]

Therefore, the aim of the study was to evaluate if the vertical distribution and health hazards of 2*Thare
affected by rice management systems with burn and no burn postharvest. This study was focused on determining
the activity concentrations of *2Th in soil samples collected from two plots of paddy field locates in Chiang-Khwan
district, Roi-et province and to assess the air-absorbed dose rate and annual effective dose. The P2Th activity
concentrations in studied soil samples were determined by using the developed radiochemical analysis method.

Methodology:

A. Study Area

The study area (Figure 1} is situated in Thung Kula sub district, Chiang-Khwan district, Roi-et province {16° 5’ 48.2”
N, 103°42’ 39.6” E}, Thailand and covers 12,720 ha. Roi-et sails are derived from washed deposits of sand stone and
occur on the lower parts of pen plains. The elevation ranges from 100 to 200 m above sea level. This area has a
tropical monsoon climate (Képpen 'Aw’). The average annual precipitation in 2019 was 1,225 mm, and the mean
annual air temperature ranged from 26 to 28 <C [11].

Chiang Kwan ,

District

Figure 1

Location of the study area
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The major soil type in Roi-Et Province is Ultisol with more than 60% sand content; low soil organic content SOC,
ranging from 0.40% to 1.29%; and medium acid surface soil of pH 5.0-6.0. In general, the soils are deep, and are
characterized by different colors ;however, the dominant colors are a grayish-brown or light browns and loam A
horizon overlying a light brown grading to pinkish-gray sandy clay loam or loam kandic B horizon, which, in turn,
overlies a light gray or whitish clay loam or clay C horizon. The scils are mottled throughout the profile, with strong
brown or yellowish brown or dark brown and some yellowish red or red mottles being commaon in the subsoil. The
reaction is medium acidic over strong to very strongly acidic [12].

B. Soil Sampling and Preparation

#2Th in paddy soils of different rice straw management practices with burn and no burn postharvest was
analyzed. The study was conducted in two plots area each of 1.0 hectare. The soil samples were collected from both
plots at depth level of 0-30 cm using soil corer (Eijkelkamp, Netherland) from different sampling stations covering
each plot of the paddy fields. Each sampling plot was considered as being overlaid by a 20 x 20 m grid, subdivided in
24 cells of 4 x 4 m. Twenty soil cores of 50 cm? x 30 cm were sampled in 20 cells selected by a random process. The
soil cores were sliced 2-3 cm interval and transported back to the laboratory.
In the laboratary, samples were air-dried as well as ground in a mixer mill {Mixer Mill mm200, Retsh) and sieved
through a 125 micron mesh sieve and stored in sealed plastic bag prior to analysis.
C. Radiochemicol Analysis
The radiochemical analysis was based on the developed methcd. Briefly, five grams of dried finely grounded soil
sample of each soil depth was processed. Sample was acid digested on hot plate with HNOs to near dryness. The
residue was treated with HCIOa to remove any remaining organics. Residue was further digested with 3 times HF to
near dryness and digested repeatedly with 3 times concentrated HCl. Thorium-232 present in the sample was
purified by ion exchange using AG1-X8, 100-200 mesh, Chloride form resin. 22Th was eluted with 50 em? of warm
0.2 M HC, collected into 50 cm? beaker and evaporated to dryness.
The dry residue was dissolved in 0.1 M HNOs, saturated ammonium oxalate and {NHs)250: buffer with pH 2. The
solution was transferred to an electrodeposition cell containing a platinum electrode. #*2Th was electrodeposited on
a stainless steel disc (dia. 1.8 cm?) for 2 h at 0.95 A. At 1 min prior to the end of this stage, 1 cm® of concentrated
ammonia solution was added to the cell before switching off the current. The cell was disassembled and the disc
was then rinsed and allowed to dry. The electrodeposited uranium was measured using implant ultra-pure silicon
detector (450 mm? active area ORTEC EG&G) equipped with high resolution alpha spectrometry (ORTEC Model
Octete Plus).
The accuracy and precision of the radiochemical method were evaluated using IAEA reference matenial.
D. Calculation of Air-Absorbed Dose Rate
The absorbed dose rate indicates the received dose outdoors and to assess any radiclogical hazard and radiation
emitted by radionuclides in the soil and other environmental resources. Determination of this rate is the main step
for evaluating health risk, and this parameter is expressed in gray. D (nGy.h™!) in air was determined at 1 m above
the ground surface to ensure uniform distribution of radionuclides which was calculated according to Eq.1 [13]

D(nGyh™) =0.604 Am 1)

where Am is the activity concentrations of #2Th in Becquerel per kilogram {Bq.kg*).

E. Calculation of Annual Effective Dose
The annual effective dose (AED} in the paddy soil samples was express in Sievert and calculated from Eq. (2) [13]

AED (nuSvy™) = D (nGy.h™!) x 8760 (h.y") x 0.7 x (10 2 m5v/10™®) x 0.25 (nGy™Y)

=Dx1.2264 )}
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where D (nGh™) is the total air absorbed dose rate in the outdoors; 8760 h is the number of hours in one year; 0,20
is the outdoor occupancy factor or Thai people spent ~20% or 5 hours per day of their time outdoors; 0.7 Sv.Gy™ is
the cenversion coefficient from absorbed dose in air to effective dose received by adults.

Results and Discussion;

A. 252Th concentraions in the solf

The results for the activity concentrations of natural radienuclides **2Th in paddy soil samples of different rice
residues practices are reported. The t values are because of the 1o variation due to counting errors. The activity
concentrations of 2%Th in straw burning site ranged from 5.255 + 0.353 to 13.438 t 0.566 Ba.kg™, and in straw
amendmaent site or no-burn site ranged from 4.325 1 0.341 to 11.541 + 0.562 Bq.kg . Results of Z*2Th in this study
were |lower when compared with worldwide average values. In addition, these values are less than 370 Bq.kg ™ which
are acceptable for soil safe use [13]. Therefore, these areas were safe use as far as radiological health hazards of the

living populations are concerned.

It was revealed that the concentrations of 22Th in both plots were decreased dramatically from surface soil
down the soil profile to the bottom depth of 30 cm (Figure 2). The most plausible reascons are the right amount of
phosphate fertilizers were applied to the soils and crops have significant effects on 2**Th uptake from soil. The
observations in this study are agreed with the distribution pattern in Algeria, Qatar and Kuwait [8, 14, 15].
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Figure 2

Relationship between 2*2Th concentrations and soil depth
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The obtained results for #Th have higher values of activity concentrations in burning plot than no-burn,
these may be due to the more presence phosphate fertilizer residue in the soil resulting from the higher application
rates. The content of natural radionuclides Th in the soils depend on many factors: the type and mechanical
composition of soil, capacity of absorption, acidity, concentration of exchange forms of carbonates, quantity of
phesphate fertilizers application and soil organic substances [2-3]. Although this study met all the basic principles of
experimentation; repetition and randomization; areas under rice were homogeneous; with the same soil type;
cultivar of rice; the same weather conditions; including the same amount of fertilizers and pesticides. It was revealed
that the straw buming site has been usually applied for the higher amount of phosphate fertilizer than in the
sampling year. As in the studled year, fertillzer application rate was based on the amount used for the no burn site.
Burning rice straw residues resulted in a higher extractable phosphate content in the surface 0-2.5 ¢m soil layer.
Unlike removal or burning, incorporation of straw has been found to increase scil organic matter and available soil
N, P and K contents. [3] Therefore, burning site might need excess quantity of phosphate fertilizer resulting in 22Th
residue in the soil.

B, Alr-Absorbed Dose Rate

The air-absorbed dose rates in air at a height of about 1 m above the ground level due to terrestrial gamma radiation
was calculated from the concentration of *2Th. Compared to the average worldwide and the previous reports values,
absorbed dose rate in this study was much lower as shown in Table 1.

Table 1

Comparison of *?Th activity and absorbed dose rates of this study with other countries

Country B2Th (Bq.keg™) D" [nGy.h7?)
Algeria [8] 27 16
Nigeria [9] 30 13
Jordan [16] 18 11
Spain [17] 41 25
Kuwait [15] 5-21 7.7
Japan [13] 2-88 1.2-53
China [13] 1-360 0.6-217
India [18] 35-125 21-76
Malaysia [15] 83 50
Egypt (farm sail) [20] 12 7
Wordwide average [13] 30 18
Present study 7 5

Note: The values of D" (nGy.h™!) were calculated from 22Th activity only.

C. Annual Effective Dose
The studied results for average annual effective dose are less than the world wide average value. The AED
caleulated from the air-absorbed dose rate of #*2Th In straw burning and straw retention soil samples.

The concentrations of 22Th, absorbed dose rate and AED from this study are summarized in Table 2.
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Table 2

Range and mean value of #2Th activity (in Bg.kg™}, absorbed dose rates D {nGy.h™*) and annual effective dose, AED

[uSv) in soil samples of burn and no-burn paddy soil.

Sample Maximum Minimum Mean
321h (Bq.kg™?) Burn 13.438 +0.566 5.255 +0.353 7.477
No-burn 11.541 £0.562 4,325 £0.341 5.925
D (nGy.h™) Burn 8.117 3.174 4.516
No-burn 6.971 2522 3.578
AED (pSv) Burn 9.954 3.648 5.538
No-burn 8.549 3.093 4,389

Concluslon:

The measured activity concentrations of Z2Th in both study sites; burn and no-burn were lower when compared
with the world average values.

The higher values of 2%2Th in soil samples of straw buming site may be due to the more presence of phosphate
fertilizer residue In the area.

The #2Th levels revealed the distribution on vertical profile as dramatically decreased along the depth in both
plots.

It is noteworthy that even use of the phosphate fertilizer in the study sites, the 2*2Th in agricultural soil did not
exceed the levels that reported in the world mean.

The overall outdoor terrestrial gamma dose rate in the straw burning plot and no-burning plot ranged frem
3.174 to 8.117 nGy.h™ and 2.522 to 6.971 nGy.h™%, respectively. While the corresponding outdoor annual
effective dose in the straw burning plot and no-burning plot were 3.648 to 9.954 pSv and 3.093 to 8.549 uSv,
respectively. These values were comparatively lower than the worldwide average and the safety values of 1
mSv. [13]

Therefore, these areas were safe use as far as radiological health hazards of the living populations are
concerned.

At the present, there were no causes for environmental alarm concerning the 22Th contents detected in the
soils studied in this work.

This study established a baseline information on levels and paddy scil distribution of 32Th in the environment
of Chiang Khwan district, Roi-et province. The results of the study serve as a reference for future assessment.
The application of arganic fertilizers, including green manure, farmyard manure, crop residues or straws, and
compost manure, is also an effective measure of improving soil fertility and maintaining land productivity.
However, at the present status of maintaining soil quality at a desirable level is a very complicated and difficult
task. The combined application of organic and inorganic fertilizers, have been propased to overcome these
problems. However, extensive investigation and research on potential adverse effects, long term impacts, and
farmer acceptance are still needed.
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