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"" 0 

'LI 'VI 'VI 1 'LI 'VI 'W 1 

1 

n1j' H\J1:::L1:J'll'W"l1n�ij'\.JL'V'-ld (Medical plant) h.imn'hu€ilfo�1 bj'f'l"l €i1'lrtfrJ1 LU'WJJnuryry1vrn1 

mm 'V'lYltJi'W�'11-J1J bbITT'tl � lil"l'l'lJ"l'WU"l"lU'W LL'i'l :::'lJru:::tln11u�LJl f'l bL'i'l:::1-n C,J� 11111 ill'Vl� iJ'W'l 'V'l 1n1i-1 b U'W 
- ' ' 

m:::LL��vi'r:i fon 1if'lri1ii�'WL"l LL'i'l:::'lMum1iitlt1iiii1n:n''W(�m.J 7 'W'tlnr.i1n�l-j'W1l 'V'l1r.i:::t;iml1ii11-nLu'Wm 

fn�1hf'lLL'i'l:::mvi1n�1mJ11-111-1mt1LL�rii-1L1J'W�r:i'W1h:::n'tlui1riry�1'TI1'WmnJi-1mvi1rn'i'l1nvi'i'l1t1 

C,J � 11111 ill'Vl� ij'W'l'V'l1 'l Yltl �'tl�� (i) LL t-1-lJJ n,:r ry (111 'l Yltl 1h::; L Yl v'l'l Yl tlnvh� l-j'W'l 'V'lrnzj L1J'W91'W'l'W 

mnmt1vt'i'l1t1'l!U"1 �nvt'-1i-1iJJJfah:::LY1v'ILL'i'l:::JJnmmv11�mm:::�i1ITT'tln1nr.i�ryL�ut111'll'tl'1Y1'll�l-j'W'l'V'l1 9,1 

v'i11 i� l-j'W'l 'V'l nU'WYl f'V'lm m�il �ru�1mh-1 ii1n'lJ'tl'1U 1::; L Yl v'I f lU1'i'l 'lrtf r.r fi1Y11 LLC-J'WLLl-!'UYl LL t-1-1'1! 1 �11 rtf r:it1 

n11vr !?l-J'W1�l-j'W'l'V'l1'l Yltl 'UlJ'lJ� 1 'V'l. v'\. 2 560-2 5 64 Lfiitln biJ1V!il1tJLii.J1::;LY1v'l1l YlmU'WU1:::LYl v'\��,l't)'t) n 

1'111� �U�ij'W'l 'V'l1�run 1'V'l LL'i'l:::C-J� 11111ru'Vl�l-j'W L 'V'lnf 'Wi11'lJ'tl'1JJa1m f'l'fl1 L'lltl'W niivt'-1 L�ii� fi1 f'lr:i1ii�1ii1rn L 'W 

mnL �'1'll'W'lJ'fl'1�iJ'WL 'V'l1L YltJ L 'W(?l'i'11 fiivt'-1 L 'WLL'i'l:::ITT1-1i.J1:::LY1v'\'fl r.J1-1 ITT'fl L�'fl-1 LL'i'l:::Lu'W1:::uu -ei'Wr.i:::il1m� f'lr:i1ii 
' -

J'Wf'l'1Yl1'1�'lJJl 1'V'l bb'i'l :::f'l'l1iJJ'1�'W'lJ'fl'1 bM�lfl"l LYltl ITT'tl 'li.J n11vr !?l-J'W1Y1'll� l-j'W'l 'V'l1 Li n'i'11tl bU'WC-J� 11111 ill'Vl� 

'lrtf fo m rn'tlii fo1 'Wlil'i'l 1 "1 L'i'l n 'l!i1i!''W�-1i1� ry �'Elm 1L!i1 m�-11' 111 � �u � l-j'W'l 'V'l 1�il �rum'V'l LL'i'l :::iJf'lr:i1ii 

U'i'l'fl"111tl i.Jn v'\"l1 nn11U 'Wbtl'fl'W�1j'��ITT1'17 b 'l1'W L'i'lV!:::V!l-JnLb'i'l :::n1(?Jf1ill1''Wlilf'1�vt',:i� Ln"1i'WL'fl'1 lil1il 

m:::ur:i'Wmmi.Jni.J [1] 
-

fi11ilf1i!l1''Wlilf'1��bflfi1i'Wb'tl'11il1iJfij'j'iJ']j1� b'l1'W Ra-226 ('fl'Wnrn U-238), Ra-228 ('tl'Wnrn Th-
' ' ' 

L€ilt1Qn�fi1iur.i1n�'WLL'i'l:::�t1�1'TI1'Wmn'V'l1:::i.J'l3nm'V'lf'fliinun1f?Jmvt11�r.'i1L1J'Wi1'\,lfoY1'l!eJ1m'lhi11Y11-1 

nnLL'i'1:::bnfiin11�::;�ii'tlr.lL'W�'l'WITT1'17 'lJ'tl-l'V1'll 'W'tln"l1ntl�'W'i'1:::'fl'fl'1f1ill1''Wlilf'1��'i'l'tltl'flr.lb'W'tl1n1v'\17 
- ' -

�1mnl Ln "1 n11111n'i'l-1m�::;�ii 'tlzjU'W�'l'Wi.J1:::n'flUJl 1tl'W'tl n'lJ'tl'1Y1'll1
lrtf�n rtf r:itJ LL'i'l::: L�'fl f'l'WLL'i'l :::i 111rfn'WY1'll 

n1(?JniilY'W111f-1���::;�ii'tlzjL'WLL'i'l:::U'WY1'llnr.i:::t;in�-1eJ1'W'li.J�::;�ii'tlzj1'W11-1n1t1'll'fl'1f'l'WLL'i'l:::iwf ITT'1l'li.J [2] �,:i 

L'WU f'l.v'\.2011 Lf'l1'1l�1tlf'l'l1i!U'i'l'fl"111tlCi11'W'fl1'\,11n:::virJ1-1i.J1::;LY1v'\ (INTERNATIONAL FOOD SAFETY 

AUTHORITIES NETWORK, INFOSAN) 'lrtfnn1n1t1'11'Wn'1n111iln"l'V'l'U U-238, Th-232, K-40 bb'i'l:::n11il 
' 

fl ii lt'Wlil f,:i� 'i'1 nvt'i'l 1'W'flrlL 'W yj']j er n�1 'TI b1J'W'fl1'\,11j' '71-li!''W L 'W yj']j � il'W'l 'V'l j'!l'W1"l ::;�1 il1nl li]j"J"l 'V'l'Ufi1111 
'iJ 4.1 q q 



2 

f1l-llJ'W!il1'1�!il1l-lnnm1tlLV1�1d'l(i)L'll'Wll'W [3] 'W'1lnroi1nd'1l'1f'ln1nl'W1lJl'JLtrn (WHO) n'l(i)iln1n11:J'11'W 

LMl'Jr:inumnl'WL ,3'1l'W'll'1l '1fi1 [ijf1 l-llJ'W!il1'1�L 'W'1l1Vl1'i'LL� ::;� l-j'W
1

l 'V'l'i'!?11'11 �1fi1 [IJ fll-1 lJ'W!ilf..:i� �U'WL,3'1l'W �'J'W 

1 V1r1.h!'Wa-J1roi1nn1'i''Vl(?)�'1l..:i1::;dJ (?)U':l LA�tlfLL�::;reprtl L VI (IJ 'll'1l'1 tN'l v-lvf 1ilr:i LA� tJ{ LU'WiJi''W LLM'llru::;d 

A':l1 a-Jcl1 fl'l.J'll'1l'1n11u-wLn''1l'W 'll'1l'1�1'i'f1l-l lJ'W!ilf..:i � il (?)'1 U 'i'1n:J'1l tj1 'W L'1l  n�1 'i' WHO guidelines for 

assessing quality of herbal medicines with reference to contaminants and residues �L�tlmMmnu 

Potentially hazardous contaminants and residues in herbal medicines � ..:i Lu 'W n 1 'i'U 'W L ,3 '1l 'W � 1 'i' 

fll-llJ'W!ilf'1�L'W�ij'W'l'Y'l'i''1l'W'el1"l Ld'1l..:imroi1n�u1i LVl(IJ'Vl1'1'W'J LA� d. �._:i 'l(i)Lb -w::;,111iXu1::;L 'VlPI M1'1 7 1r:il-1�'1lfl'W 

vhn11!iln"l1(?)'i'::;(i)unl-llY'W!i11l1'Y'l�'1l1r.iu'WL,3'1l'WL 'W�l-l'W'l'Y'l'i' [ 4] J..:iJ-wn11raf (?)'\'l1'iii1'W'JJ'1ll-l�'Vl1..:if..:i� bL�::; 
' � -

u1mruf..:i� !il1l-Jfi'j'j'l-)'Jl1 �L 'W� ij'W
1
l m'1l �h..:i Lum::;uu Lb� ::;r)'j'iJ '1':l'W�..:iil A'J1l-Jcl1 fl{).) bU'W'el t.]1'1�'1�YJ n 

u1::; L'Vl Mr:i1'll r:itJn'W{ (?)'Vl1 b 'Y'l11::;�1mnnl1m LU'W j1'W'JJ'1l¾J� 1 'ill 'Wmn mtJrn Y11'JUV11'1l'el1..:i;s..:i !ilnroi �'1lu 

'1'1n1'i'U'Wb,3 '1l'W'll'1l'1 �1'i'f1l-l lJ'W!il1'1��'1l1"l Ln (?)�'W 'l(i)'fl'W b rl'1l'1 l-ll"l 1 n'1lu1i b VI !il'Vl1'1ti':l bA�l'J { 
' ' 

bn(?)�'WL'1l'1!il1l-lnnl-l'll1� 'l(i)Lbfl Ra-226 ('1l'Wml-l U-238), Ra-228 ('1l'Wml-l Th-232) LL�::; K-40 L'W'W'll 
' ' 

�ij'W'l'Y'l'l''l'Vll'JiJ1'1'Jlti(?)LL�::;�-w�1'lll-wn1nvn::;,J�n�ij'W'l'Y'l'i'iT'W7 'JJ'el¾j��·trJrmdLu'W'JJ'ell;j��cl1fi{).J�'1"l::;f;Jn 

'111'luHu1::;n'1lUn1'i'"l (?)'Vl1'JJ'1l¾j��'Wj1'W (baseline data) 'Vl1'1f..:i�1 'W(?)'J'e)t.]1'1�'1U'J (?)�'ell-l'll'1l'1U'i'::;L'VlPI u�::; 

l'J..:)"l::;nnnmr:il-!�'1
1

luntl'11'WM'1l'VliJ'J'1n1'i''Y'li'1'11'WU'i'l-11nJ'i'::;w-h..:iu1::;LV1PI (International Atomic 
- -

Energy Agency, IAEA) �nrJi'r:itJ n1'i'1"ll'JtJ'W'1ln"l1nroi::;'Jlr;iu�i!U�'4'WLLr-J'WU:WiJ'Vl LLv1'1'll1��1rJi'r:itJn1nf fil..J'W1 

�l-l'W'l'V'l'l''l'Vll'J 'm.JU� 1 '\"l.Pl.2560-2564 Lb�'J l'J'1�'1l(?)A�'1l'1f1Un�l'J'Vlfi� 4 (;!'1l'1n1'l'H''Y'li'1'11'Wti'JLA�l'J{L�'1l 
' ' 

1 . 2.1 L�'1lA mnml-11nJA'J1l-l L ']Jl-J'JJ'Wf1l-llJ'W!ilJl1'\"l'll'1l'1fi1 !ilfll-llJ'W!ilf..:i� !il1l-Jfi'j'j'l-)'Jl1 �L 'W�l-l'W'l 'V'l'i'iJ1'1'Jl'W(?) 
' ' 

J ."i ., d{ "':'i .. � "" .I 'l 1.2.2 L'V'l'1lLU'W'll'1l¾j�'Y'l'Wj1'W'Vl1'1N�'ll'1l'1'\"l'll�l-j'W b'Y'l'i'iJ1'1'Jl'W(?)'lJ'el'1u'i'::;L'\'lp\ 'Vll'J 



1.3.1. �1Jrl'W'll'1ll;J'iH�mnu��'WL'V'lnL'l'l:;Lm�--1L'V'l1:;u�n��'W
1lvn��h'1C1J L�'1lf'1"1L�'1ln'll'Wrlli1CJ'1lci1--1 

��'WL'V'lm'l'l:;LL��--1L'\'l1:;u�n�r.i:;Y11n1'l'�m11 

1.3.2. U'l':;�1'W�rl�t1LL��--1u�n��'WL'V'lm'l'l:;11--1LLC-J'Wn1'l''1lt1mnu1111t1ci1--1 

1.3.3. Yl1n1'l'Ln1Jli11'1l81'1��'WL'V'lm'l'l:;�'W�HL·yn:;u�rn,mrnt-J'W'11'W 

1.3.4. L1?11-m-Jli11'1l81'1�:l-l'WL'V'l'l'LL'l'l:;�'WL�'1ll'l1n1'l''lLrl'l'1:;vfmm:1-11run11?1n:1-JaJ''W1?1f--1�1'Wli11'1l81'1 
' ' 

1. 3. 5. ') Lrm:;tf�1lli:l-!1llin1i?J n:1-1lT'W1?1f--1�1 'Wli11'1l81'1 �CJ ti LVl f'l'Wf'l LLn:l-l:1-11� bU"1 bl?l'l'n 1?11'

1.3.6. "l"1Y11'l'1t1--11'WC-J'l'lm'l''1{t1

3 
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2.1 n1'a'Vl'l.J'Vl'J'U'J'a'arun-a-a:JJ/iil1'aiil'Ub'VIPI (Information) 'Vlbnm'll'el�

4 

1. Donatella D., Maria A.M., LL�::: Carla R. [5] (2016). 1Ji\110l�'W1'\l'lJ'\,1�1t.l'll\Jf?IL'WUJ:::L'VlA:S!il1��H'

Ut.1 l--1 n'W Lf?lmZ r;i 1 tit 'Wn1Jfm�1 hri m� Lrin:::·\.fa1ml--!1 run l--1 �'WlilJl 1'\l'l f-:i� lil1l--lnnl--l'll 1 � LL�:::� l--l'4Mt1
,., ' ,., "" 9 ,J ' "" 'l" ' 9 1 " " ,., 'l " . I"" ""' ., 01J1'1'1J'W b'Wti'l'Wlil1'1 1 'll'1l-:J'\l'l'll f?ILLn b1.J, t.J� l--1, Ll--l�f?I. J1n, n1'W, 1wan l--1, Lu�'iln, LU'iln LL�:::LL'Vl��01

Lf?1t.11!11vhn1d�LAJ1:::ifa1r1r;i1l--!L'lll--l'n'Wfll--l�'Wlil'll'il'1 238U LL�::: 21
0Po !1l'lm'Vlrii'lrii�yj1�Ltln L!i1Ji11il1 LL�:::

214Pb-Bi, 210Pb, 4°K LL�::: 137Cs 1?1'lt.lL'VlA'WALLnl--lm01LtlntlilJi11il1 �'1'\l'l1.J'l1L'W�l--l'W1'\l'lJi'.immru 23
8U <0.1

q 

- 7.32 Bq/kg; 210Po < 0.1 - 30.3 Bq/kg; 214 Pb -214Bi <0.3 - 16.6 Bq/kg; 210Pb <3- 58.3 Bq/kg; 4°K

66.2 - 3,582.0 Bq/kg LL�::: 13
7Cs <0.3 - 10.7 Bq/kg 'Wtln"'nndl'J-.11!11vhn1dmf'ilt.1�:::'ll'il'1n1J�flf?I 210Po

ronnmm'll LL�:::n1Jf?ll--Jt.110lij'W1'\l'lJl?1'lt.1 Lf?lt.1'\l'l1.J'l1"11L'Uit.1'1Jtl'1n1J�fl(?I 2
1
0Po Lvhnuftlrn:i::: 20. 7± 7.5

2. Lordford T.L., Emmanuel O.D., Cyril S. LL �:::  Alfred A.A. [6,7] (2013) 1l !11�nM1 L�t.l 'lfl1.J'j'::;(,11.J

nl--l�'WlilJ71'\l'lf-:i�nnl--!'ll1�L'W�ij'W1'\l'lm1-:i'lltlf?l�L'llflm'1'r;i1tlt'Wtld:::L'VlAn1'W1 Lf?lt.11fvhn1d�LAJ1:::iri'l1l--!

L'nl--l'll'Wfll--l�'WlilJ71'\l'l'lJ'1l'1fl11ijfll--l�'Wlilf'1��Lnf?l�'Wltl'11il1l--lnnl--l'll1� �-:i1fm-i 236U, 232Th LL�::: 4°K LL�:::

ill-mruf���"1:::'lffuf?ltlU'\,11nU1LJ7 At.110l�'W'l'\l'ln!''W 1 Lf?lt.lL'nL'Vl A\JALLnl--!l--1101 LUA Llildn lil1L 'Wn1J

�LAJ1:::i t.Jirn1d�Lm1:::iLL0lf?l-.1l1�'L�'Wr:i1 r1r;i1rn.ifl--!'ll'Wfll--l�'Wlilm'\l'lL'Uit.1'lltl-.1 238U, 232Th LL�::: 4°K L'Wrh

�ij'W'l'\l'lmhnu 3.18 ± 2.8 Bq/kg, 56,2 ± 2.3 Bq/kg LL�::: 839.8 ± 11.9 Bq/kg lil1l--li1f?11.J Lf?lt.1'\l'l1.J'l1

l--1:::1rnnn1tlLL'1lffln1 (Khaya ivorensis) i'.iri'l1l--lL'lll--l'll'Wfll--l�'WlilJ71'\l'l'lltl'1 238U LL�::: 232Th �'10lf?I LL�:::
� q 

A'l1l--ll'lll--l'll'Wfll--l�'WlilJ71'\l'l'lJ'il� 4°K �-.'l�f?l'\l'l1.J L'Wlippia Multiflora LL�:::ml--11ruf-:i�L'Uit.1�1!1lfuf?ltlU'il'W

L�tl-.'ll--11"11nn1du1t J1A0l�'W'l'\l'lnm-hdi'.if'i1tltj1'W'llr;i-.1 0.025 ± 0.001-0.042 ± 0.002 mSv/y LL�:::�

"11L'U�mvhnu 0.035 ± 0.001 mSv/y �'1"1:::L�'W1!1l'l1n1J1.J1LJ7A011Jfll--J�'Wlilf'1�1il1l--Jnn l--l'll1�L'W

[,l':)'i)�1'1'W'll��'W1 '\l'lJ'lJ'el-.'lUJ::: L'Vl An1'W1i'.i f'i1�1nr:i1 "11 L'Ui t.lUJ:::r.hu'lJtl-.1 fo n� 0. 3 mSv/y �1i,1fun1J

u1tnA'll'il'1011Jfll--i�'Wlilf-:i�lil1l--!nJJl--!'ll1� �J:::1_JB'l'WJ1t.1'11'W UNSCEAR 2000.

' 

226 226 210 � 1 . . � = '°'9 "• I 'i' = .,,., = Ra, Ra LL�::: Pb b'W��'W '\l'lJ Peperom1a Pelluc1da LL�::: 1'Wf?l'W'Vl 1'llu�n 1f?l\'.J'lLAJ1:::i,1f?l'lt.lL'VlA'WA 

'1l�'v'J1� LU n L!ilJn lil1LL�:::n1Jlild'J"1') f?llli'mruf-:i�i�yj1 LLrl :::u lil1d'll--l Lf?l\'.Jlli'l--llill� lild'l"1'\l'l1.J � i-:id 238U 

4.3 -38 Bq/kg; 232Th 1.7-124 Bq/kg; 230Th 2.1-38 Bq/kg; 226Ra 8.5-37 Bq/kg; 226Ra 3.2-46 Bq/kg 

LL�::: 21
0Pb 39-93 Bq/kg 'W'ilrn1ndl'J-.1'\l'l1.J'l1f'ilt.1�:::50'lJ'1l'11'1lL'llL'Vltl Ra LL�:::Ln'iluf'ilt.1�::: 25'lltl'1 210Pb � 

'iltjL'W'll1 pellucida 011mnu;in�nf?l�:::�1t.1'il'1ln1tl1Ji' 
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4. Elisabeta Oprea bb�:;r1ru:;[9] (2014) 'l��m11-wr.i'lr1�v1f-l�l'W'l!1��·w'lvm.J1-l'l!il(?) �'Wt.1:i..JL'nl.'W1h:;LY1A

b:i..i 1 b i'1 t.1 1 � bbn � 1 t.l'\''l 'W fi Tilia cordata, Matricaria chamomilla, Calendula officinalis, Ocimum

basilicaum, Achillea millefolium and Hypericum perforatum Fabio V. Sussa, Sandra R. Damatto,

Marcos M. Alencar, Barbara P. Mazzilli L(?)t.11b:;dJm.Jl:i..i1ru �r.imY1r1U r1i�vJ1�LiJnt1111n1111

bb�:;LUCi11�bUf'1Lli11nli11'JJ'ilsl 2
10Po, 2

10Pb, 232Th, 238U, 1
3

7Cs bb�:; 90Sr 1:;Ci1U�sl�(?)']J'i)slfl:i..J�'Wli1f-l�
� ' 

nn:i..J'l!1��'V'lU�'il 2
10Po u�:; 2 3 8  U L'W Ocimum basilicum LL�:; Achillea millefolium (8 MBq/kg, Lb�:; 

4 0 MBq /kg 1111rni1Ci1U) 21
0 Pb 'V'lUL'W Matricaria chamomilla, Achillea millefolium Lb�:; Hypericum

perforatum (30 MBq /kg) 232Th 'V'lUL'W Achillea millefolium Lb�:; Hypericum perforatum (60 MBq

/kg) LL�:;'l��l,J�1 'l!1�vh r.nn(?)'iln Hypericum perforatum, Ocimum basilicum LL�:; Achillea

millefolium nbb'W'"JL'W:i..J�:;�:i..i 2
10Po bb�:; 238U �'"l'W Achillea millefolium nbb'W'"ll'W:i..J��:;�:l-.)fi11i1 2

10Pb,
' 

5. Pourimani R.1, Noori M.2, Madadi M. [10] (2015) 'l��n�1r111:i..iLoif :i..iif'Wfl:i..J�'Wli1J11'V'lL'Wvl'll�:i..J'W'l 'V'l1
' 

(Medicinal plant) bb�:;Yl'l!Yl1'W'l� (Edible Plant Species) "l1n'l'1�1J1'W Bagh-e-Baraftab Village L'W

Shazand 'lJ'ilslU 1:;L Yl A�vd1'W �1'W'"l'W 8 'J!U(?) 
1

l1?1LLri Saliva nemorsa L., Triticum aestivum L.,

Peganum harmala L., Vitis vinifera cv. Shirazi, Medicago sativa L., Gondelia tournefortii L.,

, , . ( ) 
• 

1
37 4

0 
232 226 "" • Descorain1a soph1a L. 'V'lUf'11 Cs, K, Th LL � :; Ra :i..Jfl1 2.27±0.45 to 7.43±0.60 Bq/kg 

li11:i..J�1Ci1U L(?)t.1 Peganum harmala nr11 TF �sl0\(?)rl1V!fo 4°K b'Vl1flU 3.17



VJ 3.1 

�1Vl�rrnJL"l'i' (Kariyat) 

'1"-1�/rn (Plu Kaow) 

b�tflQV!'Z'l1'W (Jiaogulan) 

n:i�v1 (Laurel clockvine) 
� <V • '1l4-l'W'll'W (Turmeric) 

m�'ll1t.11111 (Black 

galingale) 
'l ,., fil� m (Lemongrass) 

.c:f .c::i...c:ia co 

'U'Vl'Vl 3 'J fin1'afllfi'H1 

""� .. 'll!l'"lVlt.l1f'\1�fil'i' 

Andrographis paniculata (Burm.f.) Nees 

Houttuynia cordata Thunb. 

�'"l'W'JJ!l-:!�a..J'W1

lvn� 

�mn 

Gynostemma pentaphyllum (Thunb.) LU 

Makino 

Thunbergia /aurifolia Lindi. 1u 

Curcuma longa L. 

Kaempferia parviffora Wallich. ex Baker. 

Cymbopogon citratus (DC.) Stapf 

6 

numn'\"-11�1.J�n�a..J'W'l'l"-l'i'LL'Z'l�CJ�fil�a..J'W'l'l"-l'i'"l1nnt.1-:i1'W'JJ!l-:Jnrn�'ll1n1'i'Lm1fil'i'LL'Z'l�m4-l�-:iL�14-lm'i'Lm1fil'i' 

�-:ivi'ilr.it.1-:i1'W�j'.j n1n'l"-l1�1J� nLL'Z'l�eJ� fil�a..j'W'l '1"-11 l 'WU'i'�L Vl f'\ 'lr;i'mi l;J'Z'lilfiLN'l"-lt.111.J1'Z'l L �1'1"-1 'i'�t.11tlJ1 w;i LU f'l'i' 

br1Nn1'i'V!'Z'l'J-:J �'Wm9t.lbb'Z'l�vrfil-J'W1Vl1-:Jn1nmrfil'i' bb'Z'l�n�4-lqeJ�fil�a..j'W'l'l"-l'i'�h-:i 1 vii-:iroi1n�'lr;i'�m11 bb'Z'l� 

J'Jl.JJ'J4-Joif tl4-J'Z'l bU'W� L'foufllt.1 Lbir.il!'W9-:J 'lr;i'vhn1'i'fl1V!'W"19-:JV!'J (?)�"l � L-if 1vhmnnu �'Jtl tl1-:i b"1 t.l'W"l1'i'nJ1 
� 

=J=J <V c:$ i.J <=,, ..:!:I <V O I <=,, 4-l'Yl4-l1"l1M�1.J1.J"l"1 bn1.J bb'Z'l�J'1t.l-:J1'W'1ltl¾j'Z'lJl1'J�n1'i'CJ'Z'l fil'l"-l'll'i'�"11.Jfil11.J'Z'l ('i'fil .) m4-l�-:Jb�'i'4-ln1'i'bn'l1fil'i' 

{v1Y11 tv1t.1�'WtJLYl ri L'WL'Z'lU�1'i'�'WLYlf'l LL'Z'l�m'i'�tl�1'i' m4-l�-:JL�14-ln1nm1fil'i' {-:ivi1 v1�'lr;i' r11?1 L�tln L�tl LU'W 

t'W� Lnu ir.im.h-:i LLt.Jn fil14-l'll'Wi?l'1ltl-:J�a..j'W'l 'l"-l'i' i-:i 1?1tl 'liJd 



2. '\"l�/11'Hhth:i 4-jnr,ninj' 'fli?ldn1'W

3. L�l:J'1flVl�1'W-b�tJ'11tnJ b�tl'1J1tl '\"l:;Lm
� 

"" 
0 

• I ""' • I ""' ""' 
4. J1'1"'lf?l-�1u1'1 L'lltl--1J1tl UJ1"'l'W1..Jd

5. 'lltl'W'll'W-iJJ1�'Wtj1 n1tl-J"'l'Wtj1 'WA1iJ!l-J

6. m:;'ll1t1f?l1-L'\"l'llmrnf mrur.i'Wu1 ,Jn�'Wu1
'iJ IV 'I 'I 
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H�1 Ld'el 1,J�--i�'W� Lib (?)'"J'elt.h--i�it'W'l'\"ld'll'Wf?l�'W 1'W'll1'1 rif'Wr.i:;vhmd'll'elA'l1l-l'el'l,JLAd1:;,,n 'Wn1d 

Lf11J(?)'l'elrh--i 1,dA½'C?1'lt1 

t'el�4-j'W1'\"11l-J1"'l1nLLVl�'1b'\"11:;,J�n�ii'W'l'r'ld�'eltjU1L'lill1n�L�mu�:;r.i1nntjl-J1�1V1n"'l'ljl-J'll'W�i'lWl'WiJ�n 

� 4-j'W 1 'r'ld Y11--10r.i' ti9'1 � f?l �'el 1,JrT--i� t?h--17 !ll1l-l�'lMrnh u 'W:;tl1mr.i1 nm,hu--11'Wvf--1� 'el--1 LL 'l-i--i nl-l n--i �'Wrf 

mn1u'Wf�4-j'W1'r'ld'ljl-J'll'WU�:;�'WtYl"ltlLb�:;�[iJ.J'W1Yl1'1n1JLm1!1ld1'W"l'1Vl')f?l�1rKn1V1'Wf?lb1J'W�'W��mn 

c:z .., • 'I .. �., 3.2 n1';i'bn'IJ�'J'elm..:Jiil3J'U b'l-'libb'cl�l?l'U'Vl b°l!bVl1�1fan 
. � 

�'W��mn�'lrKQnrlf?lb�'ilnLL�:;n1'1'1'Wf?l'l') Ld'ilL�'WY11'1'1'1�'W�biJ1Vll-J1tl 0r.i'u1rKL'll1�f?l�'il'll'ilL'll1'\"11J 

L�1ww1� Lm1!1ldm Vl1'1lL�1'11'1l'1�rn'W� L�'il�LL"'l'1J1ti�:;L�tlf?l L�m�iJL�mnutANn1d rK--iLL�f?l'11'Wd,J� 
� 

3.1 '\"11'1ll-lvf--i1rKvhmd�'elumJ..J'llm;J��'W!1'WY11--1n1nrn1!lln�l-lL�l-J L'll'W �'W�L'l'n:;,J�n 'll'Wf?l'll'el--1�4-j'W'l'r'lr 

�vhn1w1n:;,J�n ����!ll�Lnrn�m'lrK n11f?lLL�fm11LL�:;n1d1�t.lu LLV1i--1J1�1'ifrf?l (?)')'1Jt)1'1�l-l'W'l'r'ld�i?l 
'U 'U 'I 'I 

J c;; �l i,, .Jt J� \1 i,, I ,.?-r 
.::I I .:::!li � <V 0 

Yl�1mdmnu f?l"'l1ni'l'WY1"'1m11 bf?lLLn Y'l1Y1:;�1utr.ir i'l�A1'l L"lmnVl�1'W d1'1"'lf?l 'lll-J'W'll'W m:;'ll1t1f?l1 
� � 

'll'il--1--iu,Jr:;m ru0r.i'u9--i 1il�1mrn'l,J diu (?)'l'1JU1--1 f?1'ltl !ll'WL 'el--11 'WLL Vl�-.:i L 'r'l1:;,J� n 'lrKvt'--1V1l-Jf?l 9--1 'lrK'll'el A'l1l-l 

'il'4bAJ1:;V1LiJ tJ--1 LLVI �'1 L '\"11:;,J� n 1'1-Jr.i'--1V1') f?ln1tl-J"'l'W1.j1 'WA1iJ!l-J LL�:; L '\"I'll d\J dll 11X'll'ltl'Vl1 n1 nnu [?l'J'elU 1--1 

�l-l'W'l '\"IJ'\"11'ell-Jvt''1 �'W�H'L'\"11:;,J�n LL�:;r.i' f?l�'1l-J1�Jl1A1'll11 A'lnnl-J'W'l A�tif rm.i:;1 A'lnnl-J 0'11� !llf 
' � 



�'J'WLL"1-:J9'W"11 

1�1t-lf1"l�:!-J'll'WLn�fild 

�'WYi�l'JLLri:;�:!-J'WL Y'l d'il1 L11'e) 

"' ""' 

!l.L:!-J'e:l-:J "l.L'lll'NJ1tl 

'� ""' 

!l.LL:!-J"l'W "l.L'lltl-:JJ1tl 

�11"1 GPS

18
°

53'57 .8" N 

98
°

55'10.3" E 

19
°

49'52.5"N 

99
°

08'21. 7"E 

19
°

21'20.6" N 

100
°

28'31.8" E 

20
°

15'31.5"N 

99
°

51 '21.0"E 

8 

Y'lrl"11':l 

d1-:J"l"1 



,'j�1V1nr.i1ii'l!-w�m'.h 

m:::'3'-wmn 

'tl.b'JJ1fl'tl "l,b'\llj'J!'i''lJ'i'ill 

19
°

52'20.2" N 

99
°

46'49.4" E 

19
°

08'47.7" N 

99
°

49'48.8" E 

19
°

30'30.9" N 

100
°

17'02.9" E 

18
°

18'47.0" N 

99
°

27'53.9" E 

14
°

60'35.3" N 

101 
°

26' 11. 7" E 

14
°

03'35.9" N 

100
°

18'18.9" E 
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;:: �'lJl-!'W'l!'W 

'lJiJ'W'D'W 
m:::'l!1r.J1?11 

'lJiJ'W'D'W 
m:::'l!1r.J1?11 

m� Li..l n 'i:m� 'i:riu L d'tl--:ir.i1n ri'tl'W�r.i:::t11 lil'lmh--:i'li..l'J Lfl'i'1:::V11rJ\'tl'-wr.i::; rli''tl-:i i.h-w'lY'Wfil'tl'Wn1nm1uii fil'l'tl tl1--:i 

�'ti �1--1 't!ULL1X--:i bb�:::uP1Wd'.l-wim'l:::LreJr.JP1"l'W'lrJi'fil'l'tlti1--:i�Lllmd'tlL�mn-w �--:i1-w'l':::wh--:ii'Wfil'tl'Wn1'i''t!ULL1X-:i 

9::;�J1'j'::; LVir.J'li..l Ld'tl-:ir.i1n fil'l'tlti1--:i�J1 Lll'W'tl-:J rfi..l'l':::n't!U 9--:J'Vl111X lil'l'tlti1--:i� ry L�r.JJ1wwn 'li..l1-w'lY'Wfil'tl'Wd 
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• I d ., ' 'l d., " ' 'foVl 3.2 .fl1Y·H111€lEJ1-!ii:1lJ'W 'Vi'HW1Vl'1�Ln'U (�eJ) 
'IJ , 

- W1'Vl�'tn!I b"l 1: LlliJ tll'l'el ih.:i 1rnL� :;n1'W Lvltl vi' v1i--1 fn'Wth.:J"l1 n L(Pl'Wfn'WLWW'el t1-w1.h:;mru 5-10

L'l!'W�L)..11?11
- 'V-1�'°11'J: LlltJi-:i1rnL�::rn'W Lvltltllv'li-:irn'Wl•h'1"l1ntr,i-wrn'WLVl'W'elt1'W1.h::mru 2-3 L'l!'W�L)..11?11

t1-w1.h::mru 15-20 L'll'W�L)..11?11 

- n:i��: LlltJvl'l'ilth-:i1u

- 'lJ 31-w-a'mb��n 1�°111!! r,h: LlltJvl'l'ilrl1-:ii'l/LV1�1 tv1ur.i::rn'il--1Y1mm).J1�i-w).J11�'1ltj1-w1'lm'Vi�

�).JiJJnJ�1'lvl 'l,J1��'lLU�'elnLnv11'eltJLLC-l� LL�::1ilvh1�i'l/LVl�1LnM'l1).JL�tJVl1tl L'l!'W '1J1vl in .
'IJ ' 

"" 0 Vl1'el'll1

- l?l�b'°1i: fl'il'Wt.Jn)..11.J-:in'il

vii-:i r.i1n LlltJYi'll1'l �-w1 Yi 1)..11 LL� 'l"l::vhn1n1?11t.J).J vl'l'il th-:i��-w1 Y11 vi1'1l LLU 1lUYi'll 1'l�'W'l Yi 11 � L;'l� � v1 1?11).J 

':1;�Qnrn''il-:ii1vifuri'll1'l�'W'lY1rnr;J�:;'1li'.lv1L�'ilfmn")ru1'l).JtJ1iY11-!lm'1J'il'1Yi'll1'lij'W1Y11L'il1lrl�).J1n��v1 

1-wmnntJvl'l'elU1'1t1'W"l1nmJ�-:iL'V11::i.J�n'1J'el'1Yi'll1'lij'W1'V1J'Jltiv1l!'W 1 fn'el'1Yhmrn'l1v1Lf'l'l1Yi'llVIT'el

,fov1�unr,i�).J�'lVIU1t1'W'el'elnL�t.Jri'el'W r.i1nt!-wH "l'eliJ L�t.J).J VIT'el'Vii'l '1Jvlt1'WLU'W1Utll'l V 1��nL'WLL'W'l�'1 
, , , 'LI 

15 L'l!'W�L)..11?11 VIT'el1::�ui-w1ri'V1n'W i.J1::mru 0.5-1 m�nf).J i1vifori'Jl�u�n1-wm:;m-:ir.i::vhmnnut1-w . 

1-wm::m-:i�Hu�nri'll tll'l'elU1'1t1'W� LlliJl-J1"l::'I.J1 )..11':1 L(PIJ1:;v1mmru�1n1 mT'Wl?lf-!I � 226Ra, 228Ra LL�:;
4°K �i'.J'1ltj1-wt1'W�L'V11::i.J�n





13 

4. L!l1Ji;]'J'Elih..:i�1vilu'll'1:l� 3 'J1'11l�'Elili..:iHLUtJ1:::tJ:::L'J'l'l1'Elil1'1'W'EliJ 1 L�'EltJ L�'ElLi½Ln��m'J:::

� l-1 �'l'I Vl 1..:i nl-J JYu�f ..:i�'JJ'El-1'1:ltJn n-J'JJ'El-1 f ..:i �� 11fo..:i n111 �
' ' 

5. u1i;J'J'Elil1..:i�1�r.i1n'll'El 4 11.lvhn11�nr.i-S'�LL'l'l:::�L�n:::if�'Jm:::uu·;hm1:::, .. fouuunl-lm�L1.ln

t�nl-1�1 t�uH''IX'J1�f..:i�uurnr.i'ElfmLUill-JU1�Yli�..:i (HPGe)

1. n11�1..:i LUtJitJ�'Elumn�1ul-l�ijtJ'lv-n��h·1qJri'Elm'll1�m:::rnun11u� �,r��1.l1:::�..:irf L�'El .

fl1"l��..:iM1.lm �'1LL1l'l'lnil'l'l'Ell-J �i..:ir.i1n�1..:ir.i:::u1�1-jtJL�dJ..:i-in1iX�:::L��J1 vi..:itil� 2.3

1Jd1"j'l'l'1 L tJ�-1�'1'11� �n�:::m� bb'l'l:::Lnufn�1 i;]'J'Elil1..:i 1 'J'l tJ� bb'l! LL;..:i 

iu�'EltJl?l'El'lil 
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b tl fl L\ll'iblJ(,l� \)�� e.J�tl1v11e.J � 1�'l U'U'i'i\l '1� 1 'Wil1'U'W�'V'H'11?f \il fl 1?f'Vl'i � fl'i�'Ue.Jfl'1J'W1vlb� 'l.J� 1'\J 
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LY1r1UritlH'L�'ElriLr111:;ivnr1')1l-JL'lll-l'JJ'Wlll-l�'Wli1Jl1i'l'll'El-.l 226Ra, 228Ra LL�:; 4°K 1'Wti!')'Elth..:i�m 
' 

1 i'1 rn�:; �'W m1ri Lrl11:;"1�1 rl')1l-J L 'nl-l'JJ'Wfll-1 �'Wli1Jl1i'l'll'El-.1�1j'fll-J �'Wlilf--l�� �'El tJ li11l-Jfij'j'l-J'Jl1 �11 'Wtil')'EltJ1-.l 
� 

i..:i LL') f?l�'El l-lLmJ1 on LY! ritlri LLnl-lm� Li.J n Lli11Ll-lli11'1''W r.i:; rX'El..:i 1-n1:;tJ:;L')�1 f'1'1l'W'll1-.l'W1'Wv1'..:i 1 ui'Wlil'El'W m1 

Lli11tJl-Jt,]')'1)tJ1,rn�:;1'Wi'Wlil'El'Wn1n!'uifr,if..:i� j':;tJ:;L')�11'Wi'Wlil'El'Wli11'111c;YLL�f?l--l1')L'W!i1111-.l� 3.3 

2 ')'W 

7-9 ')'W

1'111i¾Ln f?l�Jl1'l:;�l-J i?j�Yl1-.l 

fll-l�'Wlilf..:i� 

30 ')'W 

30 ')'W 

i'Wlil'El'W 1 'Wn1 j'') r,imm ru fl l-1 �'Wlilll1i'I f ..:i�1 'Wtil ')'1) tJ1-.l 111-.l tl 

1. tJ1 til'l'EltJ1-.l� Lli11'tJl-11�,Jvh n1j'') r,imm n.lfll-1 �'Wlilll1V'lf--l�'-l1 LV'!1:;'Jl'1)-.lfi1i?j fll-J�'Wlilf..:i�1 'Wfij'j'l-J'Jl1�
226Ra, 228Ra LL�:; 4°K LC?1tJ1-n'�r;iifr,if..:i�LL1J1JL"'l'ElfmLi:ltJl-l1J1'�Yli�..:i (HPGe) LL�:;1:;uuriLr111:;iLL1J1J

' � 

LLnl-!m�Li.Jntlil1Ll-lli11 �..:i�r;iifr,i�H1'Wm1riLrin:;iLU'W�')')f?l1'W Canberra GR 5021 'll'El--ltJ1-�'VI

Canberra Industries LL�:; i'W Ortec GEM 185 'll'El--ltJ1�Yl EG&G Orte "1-.1LLMM1'W1,J� 3.8 ru'
' � 

1¾'1l..:ii.Jlju1in11ri9tJn1rn1lli'l-11n.lfi1")fll-l�'Wlilf--l�li11l-lfinl-l'll1� mriri'll1riMnnl-ltl'lLrl�tJf riru:;

rif'1'lnnl-lf'11� lilf 1'1-11�..:innifl-lvnriYlmifo L'l�1�H1 un11if C?1til'l'Elt11..:i111..:i LL� r,i..:i1'W1i1111..:i� 3.3





C 

N
A 

M 

abundance factor 

10·6

tl/2

RO type: 1 

= fl'l1�L-iia-l'ifu ( ppm ), ( fo'1�nf� / nt�nf� ) 

= L�'ll!l1L'ln1L� ' 6.02 X 1023 ( 'e):;fi)'t)� / t�� ) 

= �'l�'il:;vi'il� ( nf� / t�� ) 

= '1i'v111�'lut��'il:;v1'il�1uu11��1� 

= conversion factor ( 1 / ppm ) , ( nfanf� / i'.l��nf� ) 

= ri1fl1-:i;�v, ( �i.nvi ) 

S ·tn1I lnta Plot • C:\Cil1NIE2K\Canbcrn room I0I\Plant\5oil\S02 I •.l68 .CNP 

I 214Bi, 609 keV 

1100 
Energy(k!V) 

17 
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<u • 
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n1J''l LAn:::vf [?)CJ'fl u1-:i �'Wr;)'ll'J L'Vl A'WA LLmnn� Ltln L(?lm-1 (?11 l�i'.l mJ' H �1J'l-!1{?1J'j1'W!?1-:J u� 1M 1 'W 

{?11J'1-:J� 4.1 L�Tl 1'lll'Wn1J'�1'W'lnJbllil'JUL'Vll'JiJV!1tl'.h-11run11ilfli.!lT'W(?lf-:J� Ra-226, Ra-228 LL�::: K-40 l'W 

[?)CJ'flu1-:i �'W LL�:::� i.i 'Wl vn
' 

�'W�'JJ'fl-:!�1J'i.J1{?1J'j1'W 

U-ore (IAEA-RGU-1)

Th-ore (IAEA-RGTh-1) 

K
2
S0

4 
(IAEA-RGK-1) 

:; ,, 

'W1V!'Wn (g) 

324.25 

313.06 

225.87 

Background 

A'l1moii'i.ioii''W (mg/kg) Counting time (sec) 

400±2 10,800 

800±16 10,800 

dilute 5 L'Vl1 43,200 

86,400 

t-J�n1J''lbAJ'1:::vf ACJ1moii'i.ioii''Wni.Jl1'W(?)Jl1Y-l'JJ'1l-:J Ra-226, Ra-228 bb�::: K-40 L'W�'l'1lU1-:J�'W�bll'lJ 

mr.i1nn1ni1Ln'lJ[?l'J'flU1-:JL'Wvf'W�r1�b�'1ln L'WM1J'1-:J� 4.2 Y-l'l.J11 A'l1moii'i.ioii'mi'i.ilT'W{?)Jl1Y-lf-:J�'lJ'el-:J Ra-

226, Ra-228 LL � :::  K-40 l 'W�"l'elU1-:J�'W'Vln [?)'J '1l u 1 -:i �  Lll'l.Ji.J1"l1f f�,'W� L Y-l1 :::tl�ni!'W i'.l M 1 m oii'i.i 
' � 

ni.iaJ'W(?)Jl1Y-lf-:J�'lJ'el-:J K-40 �'el'Woii'1-:i�-:i '1ltjl'W'l1'l-:J 67-1103 Bq/kg LL�:::i'.l�1L'il�l'J 420 ± 251 Bq/kg LL�::: 

�')'1lU1-:J�'W"l1n�'WtJn1J'bj'l'J'Wl��'WlY-lJ'iJ1'W�'W 'el. Li'.J'el-:i "l.Y-l:::Lm i'.!�1 K-40 �-:)�� vr-:idihr.i:::LU'Wt-J� Lti'el-:i 

mnr.i1nn1J'1�ql'.l1'Wn1nY-i1:::tl�n 'W'flnr.i1ni!'Wtl'-:JY-l'lJ11ilimruA'l1i.JLoii'i.ioii''W'lJ'el-:J Ra-226 LL�::: Ra-228 

1 'W[?)'l'flu1-:i �'W1 'WLL(ilvf 'W� LY-l1:::tl�ni'.l LL(?lni,i1-:in'W'ltl�-:ii'.l �1'1ltj1 'W'l1r.i-:i 7. 08 - 1.14 Bq/kg (�1vu�l'J 41.9 ± 

27.3 Bq/kg) LL�::: 11 .3 - 145 Bq/kg (�1vu�l'J 50.3 ± 35. 7 Bq/kg) (?11i.Jih'71'l.J t�l'J[?)'J'elu1-:i�'Wr.i1n�'l'W 

9'W�1bb�-:J 'el.Um"i.J "l.b:iil'J-:i1mJ i'.JA'l1i.Jboii'i.Joii''Wni.Ja1'W(?)Jl1Y-l'JJ'el-:J Ra-226 �-:i�M L'W'JJDJ:::� [?)'J'elU1-:J�'W"l1n 
� ' 

A'WtJn1J'Lj'l'J'Wf�i.i'WlY-lJ'iJ1'W(,l'W 'el.Li'.JTJ-:i "l.Y-l:::Lm i'.lA'l1i.JL<ii'i.Joii''Wni.Ja1'W{?)Jl1Y-l'lJTl-:J Ra-228 �-:)��� "l:::b�'W 
'IJ 'IJ 'I 'I 'I.I q 

'1�11 �'Wbb(il�:::�i!'Wr.i:::i'.l A'J1i.J b oii'i.ioii''Wn i.ilT'WM!l 1Y-l'lJ'el-:Jfl1 {?\ ni.ilT'W (?lf-:J� bb(?ln (,11-:J fl'Wltl�-:i{'W'el u nrnfo11ru::: 
' � 

1'lll'Wn1J'Uf'l.JU!-!1 f.Jill1Jl1Y-l'JJ'el-:J�'W ni.i'ltln-:iJ1�1 'lll 'Wn1dbn11{?1J'ndJ'i.J;n r;)'Jl'J '71-:Ji!'W 1 'W-:!1'W'l91'.Jl 'W'el'W1 {?\ A 

A'JJ'i'.ln1nn'l.Jon''1l¾j�b�i.Jbmi.ib�l'J'lfl'l.JiJ"l91'.Joii'1-:i1?1'Wd"Ji.Jn-:i�n111n-:i�U1?1'lJ'el-:J�'WU�:::'lJ'W1�'lJ'el-:JbiJ��'W u�:::�1 

Ar.i1i.i LU'Wmi?l-L'l.J�'ll 'el-:J �'W tf r.i{ m V1�1d1u'Wtf r.i{l'J�1 fi'rw; ntlJ':::n1J'V1�-:i 1 'Wn1J'� i'.l w� (,l'fl A'l1 i.i L oii'i.ioii''W ni.i 

lT'W{?\J11Y-l'll'el-:in1filni.ilT'W(?lf-:i�1'W�'W 



L91111-:i� 4.2 m1m-nl-l"ll'Wfll-l�'WL91ll1'V'J6ll'eN Ra-226, Ra-228 LL�� K-40 L'W(9]'J'Elch-:i�u

�l-J'WL'V'J1 

.:;:,I C:::. CV I 

�bi1'W'Vl LnUL91'J'Elr.J1-:J 

.d
�rn'W'Vl

A'W�n11�8'Wf�l-l'WL'V'J11J1'W�'W 
'l.l 4J q 'I 

�1'W��'WL'V'J1i11h-:ifn� 

r.r-:ivi1' {?\ 

'V'J�Lr.J1 

i11h-:i 

vf1'Vl��18191 I �1'W�l-l'WL'V'J1111'W!?l-:iu-:i 
q 

1l11r.i'Wt11 

'V'J�r11'J 

�'J'W��'WL'V'JJ�'U� I 'WflJUjl-l 

��1vin91wn'W�'W'Vl1��l-J�l-J I n1'1J9'WtJ1 

�'J'W9'W!?l1 LL!?\-:! I L;8-:J 1viil 

'l!l-l'l!mm1L91J�'W'Vl1�LL���l-l'WL'V'JJ I L;8-:i1viil 
q q 

'El.�1-:J 

A'W�n11�8'Wfol-J'WL'V'J1111'W�'W 
4J 4J q q 

'V'J�Lr.J1 

�1'W�l-l'W1'V'J1i11l1-:ifn� I i11l1-:i 
q 

�'J'W��'WL'V'JJ1J1'W!?l-:!1J-:J I 1l11r.\i'W1_J1 

�'J'W9'W!?l1LL!?l-:J I L;m1viil 

'l!l-l'l!'WLm1L91J�'W'Vl1�LL���l-l'WL'V'JJ I L;8-:i1viil 
q q 

Lr.imrivi�1'W I 'El.�1-:i 
"' 

= � "" 

A'W8'J98'V'J'l!�'J'W L'J!8-:JJ18 

A'W��-:i L�1l-lmnm1L911��-:i
'lJ 'lJ 

'V'J�Lr.J1 

Ra-226 

Activity 

19.4 

17.7 

19.8 

66.5 

70.6 

114 

70.5 

19.4 

42.1 

20.8 

94.1 

25.2 

48.6 

20.2 
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fl'J1l-l L"lll-l".ll'Wfll-l�'WL91ll1'V'J (Bq/kg) 

Ra-228 K-40

S.D. Activity S.D. Activity S.D.

7.62 20.4 0.71 425 18 

1.05 20.6 0.72 107 8 

1.67 22.5 2.08 269 25 

1.79 76.1 3.26 600 24 

5.56 79.5 4.55 410 21 

1.59 124 3.55 578 18 

2.32 85.2 3.44 400 15 

7.62 20.4 0.71 425 18 

16.3 36.5 1.46 393 17 

1.59 20.1 2.09 100 7 

1.97 106 3.57 968 30 

0.86 29.8 1.35 500 13 

1.71 34.2 1.84 692 29 

0.76 21.6 1.28 66.7 4 



d 
f1tl1'WVl 

'Jll-l'l!mrn��:tiuvi1tfo�:::'6'l�u1l"li L;u..:i1VI� 

-e:uh..:i 

Ra-226 

Activity 

26.7 

15.6 

19.8 

28.6 

7.08 

55.7 

18.9 

41.6 

59.6 

26.2 

59.9 

79.5 

44.0 

S.D.

0.68 

0.48 

1.98 

11.1 

0.82 

2.35 

3.20 

0.56 

0.98 

1.02 

1.06 

1.99 

1.08 

Ra-228 

Activity 

45.9 

20.56 

22.5 

28.4 

11.3 

60.1 

19.6 

62.0 

61.5 

43.4 

92.3 

145.6 

47.8 

20 

K-40

S.D. Activity S.D.

1.22 320 8 

1.69 254 10 

3.77 451 20 

1.11 133 6 

0.85 75.3 5 

4.55 250 19 

4.10 390 16 

1.52 610 12 

1.59 520 11 

1.06 319 8 

2.01 642 14 

4.03 1103 23 

1.03 327 8 
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�..:JL'W(?11J1..:J� 4.3 �..:J'V'lUi1fl'J1m':ni1iu'Jl'el..:Jflmru(?]J71'V'l'll'fM Ra-226 ilr11'elzjLU'll'J..:i 0.51 - 1.05 Bg/kg 
I J .-=:I I 16) ,.J 

I d (fl1b'il'M.l 4.26 ± 2.88 Bq/kg), Ra-228 :Wfl1'el� bU·n'J..:J 2.95 - 19.9 Bg/kg (fl1L'il'MJ 7.20 ± 3.88 Bq/kg) u�:::: 

K-40 iJr,sl1'fltl1u6111..:i 261- 2390 Bg/kg (r11L'il�8 967± 409 Bq/kg) LL�::::r.i1nr,sl11u(?11n..:i� 4.3 r.i::::L�UL1?1i1
"' 

fl'J 1 :w L 'n :W'n Ufl :W�U(?]Jl 1'\"l'll 'el..:J fi1 (?J fl :w �U(?lf..:J �� Lfl (?)i UL 'el..:J (?11:W fi J'.i':l-J'l11 bi L VI 'cl 1dr.i ::::il f) 1 LL (?] n � 1..:i fl uttl 1 u

�:wut 'V'l Jbb�� ::::'11'WV1 LL� dl..:i LLa!i1r.i ::::d'.lu�:wut 'V'l J'll'W(?) L�8'J flUU�U � n flU�1..:J �u� nr.i ::::'V'lu 'lt?1i1il fl'J1:W
q q "' 

L'n:W'nUfl:W�U(?]J71'\"l�LL(?ln�1..:JflUl?l'J8 L�'flLtffornVJ81Jfl'J1:WL'n:W'nUfl:W�U(?]J71'V'l'll'fl..:Jfi1� Ra-226 LL�:::: Ra-228

LUfil'J'eltl1..:i��u'l'V'l1LL�::::�u�Htl�nM-.JU'l'V'lnl'u7 r.i::::'V'lui1fl'J1mi:wiu'll'el..:Jfl:W�U(?]Jl1'V'l'll'el..:J Ra-226 u�::::

Ra-228 1 Ufil'J'flth..:i�:wu'l 'V'l1VIn'l1'WV1iJ r11�1ni1 fl'J1:W L'n:W'nU'll'fl..:Jfl:W�U(?]J71'WL Ufil'J'flri1..:i �u�1 'DL 'V'l1::::tl� n'fltl
q q qJ � 

mn u�C?i..:i1l½L�u'lt?1i1iJL-w8..:i Ra-226 LL�:::: Ra-228 m..:i�'JULvl1tl'u��1m1mL'V'lT'TI:we-l1mmrnLfl�'V'l1L18u1u

iUL'elULV1 Li?l'flfil�'ll'el..:J 11 n 'lt?1L'W8..:J1J1..:J�'JUL vl1tl'u �J..jU'l 'V'l Jbb�� ::::'11il1?1V11'fl ua!r.i ::::LUU'l1ili?1 L�8 'Jflunil

fl'J1:W�1inn11 Un1J� i?l'TI:W Ldn1 � LL�::::�11fl:W�U(?lf..:J��1..:i 1 �� ::::� :W'flzj1 u�u�1 'DL'V'-11::::tl� nvh��u'l 'V'lJ

Lvi'ci1tl'u'lt?1u(?ln�1..:ifl'W 'W'elnr.i1ndi..:iiu'eltlfluur.i98�nvi�18'11ilV1 L6J!u flru�:wu1iv11..:iLfliJLL�::::'1'11..:in18J11'V'l
"' q 

'll'el..:J �U fl ru�:WU1i'Vl1..:J LfliJ LL�::::Vl1..:J n18J71'V'l'll'fl..:J�11fl rnr'W(?lf..:J� lli':w1 ru'll'el..:J�11fl :W�'W(?l f..:i�� iJ'elzjL 'W�'W '11il'71

'll'el..:J'W'l1 'flruVIJ7il'll'fl..:J�J71'V'lbL'Ji?l�'el:W mmrutl1�'W J1�'J�U u�::::J11l})�U�1lvi�e-l1u�U�L'V'l1::::tl�n bL�::::n11
q "' "' 

1?11Lilun1n'1"l1::::1.fon b6l!U '11ili?1Lb�::::mmru'll'fl..:JU8�1� �1Jfl191?1bL:W�..:iu�::::1''11'W'l1 n11�V1tl1u�::::'V'lJ'J'W�'W bU'W
"' q 

rlfu �..:itl''Wfl'J1iJn11�mn L�:w Lbi:wti..:i e.i�'ll'el..:JUr.i98'n1..:J l})'WLU'flm fl (?l'n1..:iviif 1 �'fl 'ltl

fl'J1:l-Jl'n:W'nUfl:W�U(?]J71'\"l'll'fl..:J K-40 L'Wfil'J'el81..:J�J..j'W'l'V'l1iJf11�..:ini1n1�fl:W�U(?lf..:J��'W 1 U�V1..:i1l½L�U 
1

lt?1i1-w'l1�1mrn l?1 l?l'TI:W K-40lt?l�ni1n1(?1fl:W�'W(?lf..:i�'l1il1?1�u �..:i LUU�VlJ1UflU� LL�1i11 'V'l LL'Vl� L'TI8:W LU'WLd 
"' q 

n1(?1'fl1Vl1JV!in�"l1 LUU�'eln1nf..:i Lfln::::ifo�..:i'l1'el..:J'W'l1 U�::::n1 (?] 1 'V'l LL(?]� L'TI8:wtlr.i::::iJ'fltlmn 1u�'WLVIU8'J u�r.i::::il 
q q "' 

'fl8U'fl8L'W�U'Vl:i'18 U'elnr.i1ndi..:i'V'l1Ji1fl'J1:l-Jl'n:W'nUfl:W�U(?]J71'\"l'll'el..:J K-40 LUfil'J'el81..:J�:WUL'V'l1�'J'WLV1rur.i::::ilfl 
"' q � 

r11�..:ini1 LUfil'J'eltl1..:i �u �..:imr.i Luu'ltl 'lt?1i1iln11�::::�:w'eltl1..:i�mti'fl..:i'll'el..:J 40K � e-l1un11V1 l?l'TI:W'll'fl..:inn 1 u6111..:i 
"' "' 

.d 1::::8::::L'J�1Vl'W..:J1
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