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SUMMARY

. PROJECT TITLE

Distribution of Th-230 and Th-228 in Food (1)

Il. OBJECTIVE and IMPORTANCE of the PROJECT

Natural radioisotopes contained in foods can enter the human body by
ingestion and contribute to internal doses to the population. It is necessary to
measure the concentration of natural radioisotopes especially thorium in Korean

foods and estimate the internal doses.

lll. Scope and Contents of the Project

The concentrations of natural radioisotopes in Korean foods are measured to
access the environmental radiation and internal dose. In this study, we have
established thorium measuring process based on the thorium extraction chemical
process and alpha spectroscopic method. The concentration of Th-228, Th-230
and Th-232 in milk, meats(pork, beef and chicken) and grain(wheat, bean and

rice) are measured and internal doses are estimated.
IV. Results and Recommendations for Application
In this study, concentrations of Th in Korean foods(milk, meat, grain) are

measured with the method of calcium oxalate co-precipitation in addition to the

conventional ion-exchange method and alpha spectroscopic measurement.
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The concentrations of Th-228, Th-230 and Th-232 in milk were in the range of
0.51~8.52 mBq/kg-fresh, 0.14~2.45 mBq/kg-fresh and 0.01~2.46 mBq/kg-fresh,
respectively. The concentrations of Th-228, Th-230 and Th-232 in the pork were
in the range of 1.57~18.0 mBq/kg-fresh, 2.98~8.97 mBq/kg-fresh and 0.25~9.32
mBq/kg-fresh, respectively. The concentrations of Th-228, Th-230 and Th-232 in
the beef were in the range of 4.43~103 mBq/kg-fresh, 1.94~9.80 mBq/kg-fresh
and 1.02~5.34 mBq/kg-fresh, respectively. The concentrations of Th-228, Th-230
and Th-232 in the chicken were in the range of 4.03~67.2 mBq/kg-fresh, 1.22~
13.0 mBq/kg-fresh and 0.56~4.98 mBq/kg-fresh, respectively. The concentrations
of Th-228, Th-230 and Th-232 in the wheat were in the range of 54.1~235
mBq/kg-fresh, 0.53~14.4 mBq/kg-fresh and 0.53~20.0 mBg/kg-fresh, respectively.
The concentrations of Th-228, Th-230 and Th-232 in the bean were in the range
of 133~980 mBq/kg-fresh, 8.44~91.6 mBq/kg-fresh and 2.30~42.2 mBq/kg-fresh,
respectively. The concentrations of Th-228, Th-230 and Th-232 in the rice were in
the range of 2.91~68.7 mBq/kg-fresh, 0.43~235 mBq/kg-fresh and 0.32~2.54
mBq/kg-fresh , respectively.

The annual internal dose due to Th in the milk was also estimated and was
in the range of 0.004 to 0.013 pSv/y. The annual internal dose due to milk in
this study was much lower than that of other countries because of little intake of
milk of Korean compare to other countries.

The results of this study may be used as environmental radiation research

and applied to the safety research of foods and radiation risk of population.
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dN.
Tts = Ay Ny — A3Ns

dN,
# = A, N,— A,N,

metA Ao RS AHoR Foldty & FIE TAALLY 4 HF
Ay wsty ks WEE 78 £ Aok 23y BAALE $4s= S
o] F#7b BobAE o] WA HE o2 Fihe AL vy B o
g4 2 Q7oA Runge-Kutta o2 wBurg2lel $x352 73ld d&E 1A
o A FEY WAlee] HEE aFs) Byt

¢

o

2. 9448 3 Simulation T2 13

£ AT A= Th-2289 WArlse] W37l ZAM Ao, Th-2288 EF%5 A7
&<l Th-232 — Ra-228 — Ac-228 — Th-228 — Ra-224 ---5¢] BT} £
2 Th-2322 2§ 30 A3E2 Th-2287+%] 439 dAL&Exo) i) A7)z 2e 47)
o] 49 14 mE¥AAE A3, o]& Runge-Kutta ol 23 Fa)s4% wHo
2 AL Fo0l8lo simulation 3= T2 S A, T2 Ao
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Dim h, n As Double
Dim x0, x1, lambdal, lambda2, lambda3, lambda4 As Double
Dim p0, q0, 10, sO, pl, g1, r1, s1 As Double
Dim al, a2, a3, a4 As Double
Dim v1, v2, v3, v4 As Double
Dim w1, w2, w3, w4 As Double
Dim ul, u2, u3, u4 As Double
Dim z1, z2, z3, z4 As Double
Private Sub Command1_Click()
lambda1=0.693/ (Val(Text2.Text)*365*86400)
lambda2=0.693/ (Val(Text5.Text)*365*86400)
lambda3=0.693/ (Val(Text8.Text)*365*86400)
lambda4=0.693/(Val(Text11.Text)*365*86400)
al=Val(Text3.Text) ' 7] ¥AlG
a2=Val(Text6.Text) * &7] ¥Al%
a3=Val(Text9.Text) ' %7] WAl
ad=Val(Text12.Text) * x7] WAl%
p0=al/lambdal '%7] Th-232¢] &
q0=a2/lambda2 ’%7] Ra-228¢] 4=
r0=a3/lambda3 ’'%7] Ac-2289] <
s0=a4/lambda4 ‘% 7} Th-228¢] <=
x0=0 "&AZt
xm=Val(Text13.Text) * 365 * 86400 "Al4+ Ht)Al7HZ)
n=30000
h=(xm - x0) / n
Picturel.Scale (xm * (-0.1), 1.2)-(xm * 1.2, -0.1)
Picturel.Line (0, 0)-(xm * 1.1, 0)
Picturel.Line (0, 0)-(0, 1.1)
For k =1 To 5

Picturel.Line (k*xm/5, 0)-(k*xm/5, 1/30)

Picturel.Line (0, k/5)-(xm/30, k/5)
Next
For I=0 To n-1 ’ Runge-Kutta method

vl=mf(x0, p0, q0, r0, s0)
wil=fmg(x0, p0, q0, 10, s0)
ul=fnh(x0, p0, q0, r0, s0)
z1=fnj(x0, p0, q0, 10, s0)

K

23 1. 92 1| simulation 212 code
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v2=fnf(x0+h/2, p0+h*v1/2, q0+h*w1/2, r0+h*ul/2, s0+h*z1/2)
w2=fng(x0+h/2, p0+h*v1/2, q0+h*w1/2, rO0+h*ul/2, s0+h*z1/2)
u2=fnh(x0+h/2, p0+h*vl/2, q0+h*w1/2, r0+h*ul/2, s0+h*z1/2)
z2=fnj(x0+h/2, p0+h*v1/2, q0+h*w1/2, r0+h*ul/2, s0+h*z1/2)
v3=fnf(x0+h/2, p0+h*v2/2, q0+h*w2/2, r0+h*u2, s0+h*z2)
w3=fng(x0+h/2, p0+h*v2/2, q0+h*w2/2, r0+h*u2, s0+h*z2)
u3=fnh(x0+h/2, p0+h*v2/2, q0+h*w2/2, rO0+h*u2, s0+h*z2)
z3=fnj(x0+h/2, p0+h*v2/2, q0+h*w2/2, r0+h*u2, s0+h*z2)
v4=fnf(x0+h/2, pO+h*v3, q0+h*w3, r0+h*u3, s0+h*z3)
wé=fng(x0+h/2, p0+h*v3, q0+h*w3, r0+h*u3, s0+h*z3)
ud=fnh(x0+h/2, p0+h*v3, q0+h*w3, r0+h*u3, s0+h*z3)
z4=fj(x0+h/2, p0+h*v3, q0+h*w3, r0+h*u3, s0+h*z3)
pl=p0+h*(v1+2*v2+2*v3+v4)/6
ql=q0+h*(w1+2*w2+2*w3+w4)/6
r1=r0+h*(ul+2*u2+2*u3+u4)/6
s1=s0+h*(z1+2*z2+2*23+24)/6
x1=x0+h
x0=x1 : pO0=p1 : q0=ql : rO=rl : sO=sl
Picturel.PSet (x1, pl*lambdal), QBColor(15) ’ Th-232 &4}
Picturel.PSet (x1, q1*lambda2), QBColor(9) ' Ra-228 3}
Picturel.PSet (x1, r1*lambda3), QBColor(14) * Ac-228 =7
Picturel.PSet (x1, s1*lambda4), QBColor(12) * Th-228 <1w-7}
Next I

End Sub

Public Function fnf(ByVal t As Double, ByVal nl As Double, ByVal n2 As Double, ByVal
n3 As Double, ByVal n4 As Double) As Double

fnf = -lambdal * nl
End Function

Public Function fng(ByVal t As Double, ByVal n1 As Double, ByVal n2 As Double, ByVal
n3 As Double, ByVal n4 As Double) As Double
fng = lambdal * nl - lambda2 * n2

End Function

Public Function fnh(ByVal t As Double, ByVal nl As Double, ByVal n2 As Double, ByVal
n3 As Double, ByVal n4 As Double) As Double
fnh = lambda2 * n2 - lambda3 * n3

End Function

[k

20 1. od£E1| simulation =232 code(H %)
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Public Function fnj(ByVal t As Double, ByVal nl As Double, ByVal n2 As Double, ByVal
n3 As Double, ByVal n4 As Double) As Double

fnj = lambda3 * n3 - lambda4 * n4
End Function

Private Sub Command2_Click()
Picturel.Cls
End Sub

Private Sub Command3_Click()
End

End Sub

azl 9. o427 simulaton T2 20 A SlH
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3. A& 9§ Th-2289] Wity W3}

@ Th-232% ZA)8te 3%

Algde] Th-232%F Exjstcta 7FA g 7390 Th-232¢F 0 AHFEY A&EH
FAL 1 107 Zrh Ra-2287 Ac-2288 ZuiE ¥MAIH P Tgsi=
WALE 7 A =, of 50 Fo= Th-2329 O A FEC] BF YAIH P =2
A "ok 23y HAIE o =gstr] Hdelgtx: g Ee] Th-2289] WAso] Wi
A d(ingrowth) & & & Uoh

o

@ Ra-228%F &A= 2

Algde] Ra-228%F EAte B9, 2 ANFTEY A&5FH ¢
2% 129 2t 28 1100 ~ 59 Alo])S HW  Ac-228L wWkZ7|7} 613 hZ A <F
29 ¥ Ra-228% AMHE =E3HA & ¢ F Aok 281 29 12(0~104E A}
°])& HEW Th-2280] WRAAHE] & 5d AFqA HYAE o|F F AA3 7
Tde ¢ F Utk £ Ra-2287 Ac-228¢] 37 EAd= %S0l = Ra-2287 Ac-228
0] 2~3Y ¥ ZulE WP FL o]F1 Th-2287 Ac-2289] ukzhr]e] zpol7p aEm
2 Ac-2289] WAlgo] wf$ AX] e 3 Ac-2289] HFAMES Th-2289) WAls o] o

Fg A Fx @

a3 11~

flo
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2l 12, Ra-228 QU= 2| o= 1| simulation(0-10 year).

@ Ac-228%F ER3t= B4
AlgUel Ac-228YF EAEs ASole 28 133 o] Ac-2280] 2~3Y ¥ O
BR Bi3le Th-2288 W A5t Th-2283 Ac-2289] ¥t7l7]2 x}o]& Ac-2289)
WAbs o] Th-2289] WAbsol A9 &S FA ¥ 3 & + Uth
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2l 13, Ac-2280F ZX|st= 4| &= 1| simulation.

@ A&F o 9% Th-2289] WAbs

Alg ol Th-228%ko] ZA) 3t 7$-ole Th-228 zpA|9] wkzk7)e) wel 513}
g Zoln, AU Ac-2287 Th-2280] &7 &A)sle A$oE Ac-2280] 213l
Th-228¢] = A7t wzb7] Zpolo] s Ac-2289] WAbzo] Wi ZA &+ § Ac-228
o] ZHol 9§ Th-2289] WArtsd Fr7he ZA &S Aot

BHA, AlF el Ra-2280] EA18HA =W Ra-2287 2 A3FQ1 Ac-2289] g
FAde s Th-2289] WAtee] #st wig ZA Jetdoh Al8x13 & of 454
o] AAsHA H™, xS Ra-228 WANS] ok 60%9] a9l WAl 9] Th-2280] A
det. £ Th-23271 EAste ASodx A8 F o 5do] ZAAeA =HE, A
& Th-232 WALz oF 30%) 33t As o Th-2280] A=A Aot

et A FF AlEF EFAEY WA YTl EAFL AEANFH F 4T
AlZko] 7333t Fo Th-2289] WALS S #A3e AS Th-2287re] HHo2E A
FAHA Y Th-2289 WAsS B8] H71E F glom, WAEIF S o1 e
Ra-2283} Ac-2289] WAls& A 3] Gofobdt A|gx1F A9 Th-2289] *]
Vg 4 Utk 28 14& AlgWo] 01 Bqe Th-228, 02 Bqe Th-232, 1 Bq<]
Ra-228, 0.3 Bq®| Ac-228°] & ZA-¢ Zt F HAL5<e WMEE simulation 3 R

-r-l
>
ﬂ_‘
off
o
ot
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- A AR bheh 2ol Ac228& HAbso] wWi¢ 3A] e ¢ Th-2289) WA
ol & %S FA &on, Th-22& AFRH Fo 2 ¥bsol Zx gomz
Th-2289) WAlsol 2 IS FA ¥4on], 2 Ra-2280] Th-2289] WF-AYAol &

e 9L PL ¢ F Aok

AR YArtsel Hist

rr =

Og 14 ESAE e SArtdEiE0| SESL

¢, AF AlEde $Y3 WAt Th-2283 Th-230 R Th-2327F X 3HE 3]
o1 7HAEE, MiesErt 2ugE A4 4 5944 FHFe ¢ dEg.
Z, YA (A)E A=MNM(NS A5, 12 39492 TAHEZ A9 A7t
Zoigs W71 old o3 Y A5 tzEg A8 £dE Th 54
a9 FHFL S =

J2A AA AEAE 1 kgol 22 1 mBqe] Th-2287 Th-230 & Th-2327} ¥ 3%
gqcn 7HA3tH, Al8ole Th-228% Th-230 ¥ Th-2327F z+z 3.293x107"7 g,
1.30992x10™% g, 2.46278x107 go] X §ts]o] Slth. whebr] Th-2289] %S Th-232 3
el 1/10"] "o}

AR 2 WA AEAF 1 kgol 1 mBqe] Th-2287 Ra-228 2 Ac-2280] X 3§
g9t 7gstd, A8ols Th-2287 Ra-228 2 Ac-228¢] z+z} 3.293x1077 g,
9.9052x10™ g, 1.20546x107° go] E g =o] Qlt}.
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A5E Alg A H

HEFZS The) PASSERES EAS] fishe] 19989 ~ 20009 Aol A

.
Agals 2Ra04 ARY S, FF L FRAZ 10070 B The) PAS

199813 ~ 20001 Apelo]l M= ZAA|NM AHR +FARE 2670 A5 AHAA,
AALAL FAAA R AR PP T ARYRE ¥ 8% 2nh

H 8. Th PAls EME R ARFEE
YEHS

A& Code | AME™ | AHAH | AH SAY | 3EE(%)
kj981116ml |7} IF 98. 11. 16 | 02. 10. 10 0.78
tg980914ml |7} o)+ 98. 09. 14 | 02. 10. 10 0.73
ad981128ml |7} etE 98. 11. 28 | 02. 10. 27 0.76
pu981231ml |7} F FA 98. 12. 31 | 02. 10. 27 0.76
cc980328ml | 7}&F =3 98. 03. 28 | 02. 10. 26 0.8
1980828 ml 71 AFE 98. 08. 28 | 02. 10. 26 0.69
980414ml 7+ A 98. 04. 14 | 02. 10. 26 0.7
gr981001ml |7} & 98. 10. 01 | 02. 10. 26 0.68
£s981023ml | 7}¥F 98. 10. 23 | 02. 10. 27 0.75

*

&

%‘_

ZAF
bs990920ml |7} BAE 99. 09. 20 | 02. 10. 06 0.72
Y aa 99. 08. 19 | 02. 09. 22 0.81
I+ 99. 10. 09 | 02. 10. 10 0.74
A& 99. 09. 07 | 02. 10. 06 0.71

£r990819ml |7}

kj991009ml |7}

$€990907ml | 7}F %
o

GSﬁB\omummﬁwmug‘l

14 se980831ml |[7}F2 Mg 98. 08.31 [ 02.10.20 | 0.71
15 £5990322ml | 7}EF-$- A 99. 03. 22 [ 02.10. 10 | 0.72
16 §j990616ml |7} E$- AFE [99.06.16 | 02. 10. 06 | 0.68
17 990316ml  |7}ES oA 99. 03. 16 | 02. 10. 06 | 0.67
18 ad990316ml |7} &% s 99. 03. 16 | 02. 10. 20 | 0.83
19 tg980129ml  |7}E$ o+ 98. 01. 29 | 02. 10. 27 | 0.77
20 cc990327ml | 7}F$ =3 99. 03. 27 | 02. 10. 27 2

21 ny2K1115ml |7} 39&| 93§ 02 .11. 15 [ 02. 10. 26 |  0.75
22 ny2K0414ml |7} F9 8| 93 & 02 .04. 14 [ 02. 10. 20 | 0.63
23 ny2K0125ml  [7}F9&| G¥eyd 02 .01.25[02.11. 10 | 071
24 ny2K0216ml |7} 36| G4 [02.02.16[02.11. 10| 0.73
25 ny2K0316ml |7} E 9% | 93 & 02. 03. 16 | 02. 10. 26 0.7
26 ny2K1213ml |7} 38| T34 02. 12. 13 | 02. 10. 20 | 0.68
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@ FFEA], Ha7), |d17)

1998\ ~ 1999 Aolo] W= Aol A A :7] 1270, 3] 1270, o

171 1270 5 57 3670 AlEe Al AHAA, AR, SHLA 2 AEY FJB

& 59 NEARE ¥ 9 ~ ¥ 113 Bt

I 9. Th Als EME SF(EIXILZ7)e AZFHE

dEdWs| Alg Code Alev | AHAH ANH L F38d  |FEE(%)
27 gr9g0904p | 7]| A= 98. 09. 04 | 02. 11. 15 1.1
28 gr990604p  |SA 17| A2 99. 06. 04 | 02. 11. 15 1.0
29 se980911p  [HX 7] A& 98. 09. 11 | 02. 11. 10 | 0.83
30 s€990708p  |HRA 17| A& 99. 07. 08 | 02. 11. 10 | 0.9
31 kj980603p  |HX:~]| BF 98. 06. 03 | 02. 11. 10 | 1.06
32 gs980407p |HNA 17| A 98. 04. 07 | 02. 11. 15 | 0.69
33 981001p |=Nxx~]| WA 98. 10. 01 | 03. 03. 02 1.3
34 cc980328p (A :7)| EH 98. 03. 28 | 02. 11. 15 0.9
35 tg990914p  |EjA 1.7 T 99. 09. 14 | 02. 11. 15 1.0
36 ad990501p |HHA 7] T 99. 05. 01 | 02. 11. 15 | 0.78
37 jj990622p  |HAA 17| AFE | 99. 06. 22 | 02. 11. 15| 0.94
38 bs990419p  |HAA 7|  F-AF 99. 04. 19 | 02. 11. 15| 091

E 10. Th A}

or
I

HE SFER7)e AEFE

ddHE AlH Code A8 | AHAA ANHA E3d | EE(%)
39 gs980414meat | &117] Ak 98. 04. 14 | 02. 12. 28 1.05
40 tj981001pmeat | &]117] o) A 98.10. 01 | 02. 12. 15| 0.85
41 kj980612meat | 4JIL7] RIS 98. 06. 12 | 02. 12. 15| 1.06
42 se980722meat | 2] 1.7) A 98. 07. 22 | 02. 12. 15 0.8
43 cc980411meat | 237 =4 98. 04. 11 | 02. 12. 15 0.5
44 jj981219meat | 4] 1.7) AFEE |98 12.19 [ 03. 01. 22 | 1.69
45 jj990720meat | 4.7 AFEE  [99.07.20|03. 02.22| 096
46 tg991105meat | 4] 17) o)+ 99. 11. 05 | 03. 02. 22 | 1.12
47 bs990426meat | 4]117) B2 99. 04. 26 | 02. 12. 11 2.54
48 s€990817meat | 2] 1.7] R 99. 08. 17 | 03. 02. 22 | 0.83
49 ad990517meat | 2] 1.7] ¢F 99. 05. 17 | 02. 12. 28 1.1
50 gr990604meat | 4|37 = 99. 06. 04 | 02. 12. 15 | 0.84




E 1. Th PAks 248 ST(HIDINSY AZY=

ddWE| A8 Code Alew | AFHAH AHd 4L (AEE(%)
51 kj981202c S$17] ZF 98. 12. 02 | 03. 02. 22 0.81
52 se981025¢ a7 & 98. 10. 25 | 03. 02. 22 0.87
53 bs981229¢ a7 Ak 98. 12. 29 | 03. 02. 22 0.64
54 tj981117c =a17) A 98. 11. 17 | 03. 02. 22 0.63
55 gs981007¢c 117 Ak 98. 10. 07 | 02. 12. 28 0.7
56 cc980411c g7 Skl 98. 04. 11 | 03. 01. 22 21
57 gr990616c Sa7] A 99. 06. 16 | 02. 12. 28 0.77
58 bs990426¢ a1y 24 99. 04. 26 | 02. 12. 28 0.51
59 ad991115¢ 7] tF 99. 11. 15 | 02. 12. 28 0.92
60 5€991019¢ Sa17] A& 99. 10. 19 | 03. 02. 22 0.68
61 jj991223c g7 AF= 99. 12. 23 | 03. 02. 22 0.7
62 tg991020c a7 o) 99. 10. 20 | 03. 02. 22 1.04

Q@ FFH, T %

19981 ~ 1999 Apolof] M= ZhA|A AHgE ° 1270, F 1374, & 137} F =
F 3870 A8 As AHARH, AHLA, SHLA L AR JEE F AE
HE ¥ 12 ~ ¥ 143 o)

oX

IE 12. Th gA}

or
AI
1
0k
JH
=l
[
To
>
F
0x
HL

UANSZ| AF Code | AEH | HHAXF | AHY =4 |528(%)
63 £s981007m 2 s 98. 10. 07 [ 03. 01. 22 | 0.78
64 £980429m 2 h A 98. 04. 29 [ 03. 01. 22 | 0.92
65 cc980803m 2 =4 98. 08. 03 | 03. 01. 22 | 0.93
66 tg981113m g Ry 98. 11. 13 | 03. 01. 22 | 0.69
67 kj980623m 2 35 98. 06. 23 | 03. 01. 22 | 1.24
68 $e980817m = R 98. 08. 17 | 03. 01. 22 | 1.15
69 gr991129m ) 3e 99. 11. 29 | 03. 01. 22 | 1.27
70 j991124m | @ AZF= | 99. 11. 24 | 02. 12. 28 | 04
71 $€990907m = R 99. 09. 07 | 02. 12. 28 | 0.98
72 ad991018m g s 99. 10. 18 | 02. 12. 28 | 1.22
73 tg990821m 2 o7 98. 08. 21 [ 02. 12. 28 | 0.6
74 bs990920m 2 24t 99. 09. 20 | 03. 01. 22 | 0.88




I 13. Th PAls BME =7 (F)2 ARHE

dedsl A8 Code AEd | AHAAH AL ZH3Yd |3 EE(%)
75 kj980525s e 33 98. 05. 25 | 02. 11. 24 | 6.01
76 cc980521s F =3 98. 05. 21 | 02. 11. 24 46
77 $€980727s 3 RES 98. 07. 27 | 03. 03. 02 | 4.67
78 £s980325s F A 98. 03. 25| 02. 12. 11 | 542
79 tj981129s z A 98.11. 29 | 02. 11. 24 | 5.74
80 tg980520s 3 o+ 98. 05. 20 | 02. 11. 24 | 5.39
81 jj981212s z AFE |98 121202 12. 11 | 4.99
82 $€990629s S & 99. 06. 29 | 02. 11. 24 | 4.93
83 gr990429s F A 99. 04. 29 | 02. 12. 11 | 5.31
84 tg990129s F o+ 99. 01. 29 | 02. 11. 24 | 4.87
85 jj991104s T AFE [99.11. 04 |02.12. 11 | 534
86 ad991102s 3 = 99. 11. 02 | 02. 11. 24 | 6.19
87 bs990719s F Bl 99. 07. 19 | 02. 11. 24 | 547

E 14. Th YAls 248 S7HE)Y AZEE

AdHAHE A8 Code Al | AHAA AHY ZA4Y |3 EE(%)
88 kj981009rice o B 98. 10. 09 | 03. 03. 02 | 0.39
89 se980924rice 2 g 98. 09. 24 | 03. 03. 02 | 0.41
90 £s981109rice 2 A 98. 11. 09 | 03. 03. 08 | 0.35
91 cc981113rice 2 =3 98. 11. 13 | 03. 03. 08 0.4
92 tj981129rice 2 oA 98. 11. 29 | 03. 03. 08 | 0.35
93 tg981017rice 2 o 98. 10. 17 | 03. 03. 02 | 0.57
94 bs981217rice 2 B 98. 12. 17 | 03. 03. 08 |  0.49
95 ad991006rice 2 otE 99. 10. 06 | 03. 03. 08 0.4
96 gr991129rice 2 e 99. 11. 29 | 03. 03. 08 | 0.44
97 $€991028rice 2 R 99. 10. 28 | 03. 03. 08 | 0.36
98 bs990920rice 2 HA 99. 09. 20 | 03. 03. 08 | 0.44
99 jj991002rice 2 AFE [99.10. 02 | 03. 03. 02 | 0.26
100 tg991115rice 2 o+ 99. 11. 15 | 03. 03. 08 | 0.49
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1998\ d ~ 2000 A= ZFX| A AMFHI -/ A|FE9 Th-228, Th-230 2 Th-232
o Ay FEE E4% ZAde # 159 2ok Th-2289] 3% 051 ~ 852 mBq/
kg-freshe] W oljn Th-2289] = HT WAlE FET 3.99£2.35 mBq/kg-fresh(
199839 A9  4.70+2.02 mBqg/kg-fresh, 19999 A$E 245:271 mBq/
kg-fresh, 2000139 79 4.98+1.07 mBq/kg-freshy@th. Th-230¢] ZA$E 014 ~
245 mBqg/kg-freshe] H$olny Th-2309] A= HF WA

ofr

F= 0.74£057

rlr

mBq/kg-fresh(1998: 39 7% 0.86+0.54 mBq/kg-fresh, 1999d¢] ZH 9= 0.58+0.72
mBq/ kg-fresh, 2000039 A% 0.74+0.37 mBq/kg-fresh)y®t}. 18|51 Th-2329] WA}

FT=+ 001 ~ 246 mBqg/kg-fresh®] ¥ ol Th-2329] A= HF WAE
0.30£0.52 mBq/kg-fresh(1998' 3] 7% 0.31+0.36 mBq/kg-fresh, 19993 7%
0.34+0.80 mBq/kg-fresh, 2000'd 9] 7-¢- 0.21+0.25 mBq/kg-fresh) %t}

2% 155 $89) Th-228, Th-230 ¥ Th-323¢ WAl S BMANE Alga)3
Az AAAEe] wet ehd olth Th228¢) A9 19999 Al27h AuHoz
YAl EE7E W2 Aoz Yeist oy, Th-2303 Th-232¢] 7§ AHHQA 2EARE
o} AAAES e S HolWe yehix gtk 2w ANHO = Th2os
o] WAlsE=E7F Th-23001 v} Th-2329] WAlssx Eo A4 UYeiked o A&
o BAo) AR o}e B ATNS Rol FHUAN} NRAAYAZRE 4
g3 Aol AT} A A 1B we Yo S4Fd HP¥oz =He
-2280] 9]0} Ra-2283} Ac-2289] A&FIAZ YHEAYA(ingrowth)® Ad] REFHo =2
lQste Aoz wUEL. 2Py 4FF A= A A4 4E 55 2L A7)
Qo) Aol GEE2 YHAHAMY Th28e BEE i GF & AL Ao=

N
off

rr

=

fr

N

5y
od

<k
g
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E 15 £R9 Th YAlsEE 24ED}

The] #Als &% (mBq/kg-fresh)

A& Code | AHAH | AHLA

Th-228 Th-230 Th-232
kj981116ml B+ 98. 11. 16| 1.54+0.14 0.69+0.09 0.17+0.05
tg980914ml T 98. 09. 14| 1.10+0.11 0.53+0.08 0.17+0.05
ad981128ml St 98. 11. 28| 5.46+0.32 0.48+0.10 0.23+0.07
pu981231ml A 98. 12. 31| 5.22+0.57 0.30+0.14 0.06+0.06
cc980328ml F3 98. 03. 28| 6.91+1.13 1.87+0.59 1.2+0.49
jj980828ml AFxE |98, 08. 28| 3.61+0.63 1.46+0.41 0.1+0.1
980414ml oA 98. 04. 14| 4.20+0.44 1.34+0.25 0.13+0.09
gr981001ml A 98. 10. 01| 4.51+0.80 0.14+0.20 0.13+0.13
£s981023ml Sl 98. 10. 23| 5.90+0.93 0.56+0.31 0.13+0.13
bs990920ml At 99. 09. 20| 0.85+0.13 0.46+0.09 0.02+0.03
gr990819ml A 99. 08. 19| 2.23+0.21 0.27+0.06 0.17+0.06
kj991009ml B 99. 10. 09| 1.54+0.13 0.34+0.06 0.01+0.02
5€990907ml XL 99. 09. 07| 0.89+0.11 0.33+0.07 0.08+0.04
s€980831ml A& 98. 08. 31| 5.76+0.27 0.88+0.10 0.32+0.06
£s990322ml Ak 99. 03. 22| 1.35+0.14 0.73+0.11 0.05+0.03

N

jj990616ml AFE |99. 06. 16| 0.84+0.21 0.14+0.10 0.05+0.07

§990316ml A 99. 03. 16| 0.51+0.13 0.14+0.07 0.06+0.05
ad990316ml la 99. 03. 16| 5.34+0.30 0.35+0.08 0.2+0.06
tg980129ml o+ 98. 01. 29| 7.52+0.63 1.20+0.25 0.82+0.2
€c990327ml =3 99. 03. 27| 8.52+0.10 2.45+0.50 2.46+0.53
ny2K1115ml | $4#< [2K 11. 15| 6.73+0.61 0.85+0.22 0.05+0.08
ny2K0414ml | F&7<4 |2K .04. 14| 4.66+0.52 0.71+0.20 0.71+0.2
ny2K0125ml | 48 [2K .01. 25| 5.15+0.37 1.41+19.00 0.25+0.08
ny2K0216ml | 4/ |2K. 02. 16| 5.43+0.45 0.69+0.14 0.08+0.05
ny2K0316ml | &7 [2K. 03. 16| 3.69+0.59 0.43+0.22 0.09+0.14
ny2K1213ml | $45<¢ (2K 12. 13| 4.20+0.29 0.37+0.08 0.09+0.05
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3

T

&

, E 162 £ AT 233 $8F9 Th YA S 95 o9 U
A Z4E 23E $7 Uehio] mad Aotk Held & & el & AT
AR YU $439) Thel PAsEEE 2o AR 2%s) A FUA
FAYE ¢ & AU Y1 FV=NG FPAAE BW $HF9 Th2289

l

(o

WAbs =7 Th-2300|4 Th-2329] WAl = RO tA 4 RigHa s &
T AT
x 16. o] 42} 2752 Th ghilssk Hn
WALs 5 = (mBq/kg)
;{- 7]— 228 23 232 ?‘%%6‘4‘
Th °Th Th
1 9 0.51~8.52 0.14~2.45 0.01~2.46
3 = Present Work
B 3.99+2.35 0.74+0.57 0.30+0.52
v] = 0.4 0.27 (9)
= 56 (10)
T 1.2 (3)
dE 0.29 (4)
Zd= 2.64 1.15 1.19 (12)
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2. 579 Th £ 54

M

7} #A 32719 Th WAl X5 8%
1998 ~ 19999 AF ZAAelM AAF sAA:y] A8 Th-28, Th-230
3 ZAzE ¥ 173 2. Th-2289)
mBq/kg-freshe] W$jolm Th2289) AZF HWF PAlE
mBq/kg-fresh( 1998 <] 73§

Th-232¢] ¥WAls =& &4 2% 157 ~ 180

FEE 5441499
3.98+0.99 mBq/kg-fresh, 199939 7$E 6.16+6.07
mBq/kg-fresh )t} Th-2309] ¢+ 298 ~ 897 mBq/kg-fresh®] F9o]H
Th-230<] WAl BT E 500+1.99 mBq/kg-fresh(1998 3¢ 7-¢- 4.62+
0.04 mBq/kg-fresh, 1999 9] 7ZA$E 5.19+2.34 mBq/kg-fresh)§ict. 28]a Th-232
9] Ml s EE 025 ~ 9.32 mBq/kgfreshe] W9ojn Th-2329] A= HF WAls
1.90+2.56 mBq/kg-fresh( 1998:d<] 79 1.08+0.17 mBq/kg-fresh, 1999d ¢

A= B

T
4= 2.31+3.12 mBq/kg-fresh ) ti.

rr

o,

E 17. sjx|1ole] Th WAlSSE 2A4ZD

L o The] ®WAls &% (mBq/kg-fresh)
A& Code | ARAAH | AHLA o Th-230 Th-232
cr980904p | 2 | 98.09.04 | 435:040 | 6.12+0.48 1102
cr99060dp | S | 99.0604 | 3.64+126 | 5104148 | 0.73:0.68
se980911p | A& | 980911 | 350:039 | 298+036 | 0.84+0.19
se990708p | A& | 99.07.08 | 203037 | 360049 | 0.25:0.14
1j980603p | W= | 98.06.03 | 517:094 | 472:089 | 1.22+047
0s980407p | FAY | 98.0407 | 291+152 | 466+186 | 11611
§981001p WA | 981001 | 857+121 | 311:073 | 246+0.65
cc980328p | =d | 98.0328 | 11.73+058 | 897:050 | 9.32+051
£g990914p 7 | 990914 | 17.99+395 | 7.33+245 40419
ad990501p | SFS | 99.05.01 | 215:039 | 314+048 | 0.81£025
{990622p | AZEE | 99.0622 | 161041 | 711087 | 028+02
bs990419p | A | 99.0419 | 157035 | 314049 | 0.64:023
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a8 162 Sx]117]¢] Th-228, Th-230 ¢ Th-323¢] WAl % BEAMARNE Alg
AHAGH AFA= et Jebd Aoltk Th-2282] 19939 % thFA|Z oA 2HF

X ot HEz Fu
28 Mg #¥F o o =H 28 M2 o oty HF 5

> - >
«—— 1998 >« 1999




EH

B A=A Oa ¥

o 4

| debgtou, 2
EEEH AAAE] Te

2ol =Th-228°]1} Th-2303} Th-232 2% A
TAFS Yehix gtk

r-]m

SHH, ¥ 182 AA o8 ygtdllA ZA1E 7 59 The YA FES &
AFNA ZAIE ZA#E 37 veld Aol Th-228, Th-230 2 Th232 25 =

TN EAG FUA HALA ] BAE
ZNl 2lee & 5

AN T

18. o5 Lt =HX|27[e] Th PAlssT Hlw

$E7t gFNNe] EAATY A F

U AHS F =(mBg/kg)
% 7} 228 23 232, ?_‘_%"E‘ 1‘
Th °Th Th
H 2 1.57~18.0 2.98~8.97 0.25~9.32
3 = Present Work
s 5.44+4.99 5.00+1.99 1.90+2.56
v = 3.00+0.17 2.00+0.17 (9)(meat)
E3= 5.66+0.71 2.68+0.25 1.82+0.14 (11)
&= (Walbrzych) 2.39+0.44 0.73+0.26 0.52+0.19 (12)
dE 0.404+0.019 (6)(meat)
A= 22~93 (10)(meat)
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th 43719 Th A FERE

1998 ~ 19999 A= ZAAA 2AFHI H37] A58 Th-228, Th-230 %
Th-232¢] WAls L& E43 Ax= B 199 2o} Th-2289] 7§ 443 ~ 103
mBq/kg-freshe] W o]y Th-2289] 29.8+36.6
mBq/kg-fresh( 1998:d¢] 7Z-$ 36.7+36.1 mBq/kg-fresh, 1999d 9] 73-¢= 23.04£39.1
mBq/kg-fresh )&t} Th-230¢] ZA-$+= 9.80 mBq/kg-freshe] W $jo]n
Th-230¢8] A= HFF WAL FEE 3841223 mBq/kg-fresh(199832] 79 487+
3.09 mBq/kg-fresh, 19993 9] A9+ 2.81+0.73 mBq/kg-fresh)ydc}t. Z18]3 Th-232
o] WIS EE 1.02 ~ 534 mBq/kg-fresh®] Wjo]n Th-2328] A= HF PAS

T+ 2431148 mBq/kg-fresh( 1998\d¢] 7§ 2.92+1.54 mBq/kg-fresh, 1999\d 2]

A% WF Ps  FEE

194 ~

ir

off

o

H® 19. 2|17|2| Th gilssT 24

$= 1.95+1.38 mBq/kg-fresh )H T}

Z1f

The] WAls &% (mBq/kg-fresh)

A& Code | AHAH | AHALA
Th-228 Th-230 Th-232
gs980414meat oAk 98.04.14 12.01+1.67 5.80+1.09 1.89+0.6
tj981001pmeat A 98.10.01 10.75+1.56 9.80+1.48 3.73+0.88
kj980612meat Ry 98.06.12 70.23+6.04 2.79+0.88 1.23+0.59
se980722meat A& 98.07.22 16.55+3.00 2.28+1.00 1.88+0.91
cc980411meat F3 98.04.11 16.64+0.82 3.23+0.30 3.45+0.31
j981219meat | AF% 98.12.19 94.15+9.11 5.34+1.39 5.34+1.39
jj990720meat | A Fx 99.07.20 8.48+1.69 3.37+1.02 2.23+0.82
tg991105meat o) 99.11.05 102.79+7.37 3.59+0.81 4.63+0.92
bs990426meat HAL 99.04.26 8.46+2.70 2.11+1.41 1.32+1.15
s€990817meat A& 99.08.17 5.81+2.17 2.46+1.40 1.12+0.98
ad990517meat| Q% 99.05.17 7.81+0.56 1.94+0.27 1.35+0.07
gr990604meat A 99.06.04 4.43+0.40 3.39+0.36 1.02+0.19
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a8 17 3719 Th-228, Th-230 ¥ Th-3239] WAlssx EAAANE Algx|
AX AT QAL w Jehd Rolth 19989 FF 9} AT AHH

100.0 §

0.0

15.00

000 54 o 3% Mgz 28 M*FE MFE O F&4  AME o5 B

D — 1998 >< 1999 EE—

15.0

ok o & #F M2 =28 HFEzZ HFEZ  OF ME orF U8

-« 1998 > 1999 I

=
s

a2l 17. 2|17|9| Th-228, Th-230 2 Th-2329| Bls=g 23
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19993 el ANHG A5 Th-2289] WAlss=rl HEgtRo w4 woy, 1
9ol & Th-2300]4}; Th-2328] WAlesrs 5WE X923 RIXEAHo|Y AFIL

€ BEATFS YR gtk

a3y Th-2289] H7F WAlsEE7) Th-2300)u Th-232K ) Blwd =4 Vel
=, ol @A ZHE uie Zo] YRAAY 73t AoE ddEHTh

HE, & 202 AlA o2 vl ZAME H37] 59 The WAls T
o] dFAA 2AtE AAE F4 JEld Aolth Th-230 ¥ Th-232 2% 2 A9
A FZARE UL 379 WAl FETE dFolM Y ZAMARSY A FUSH F
Well =S & F AU Ty Th-2289] e Fuiit 719 WAbssEd
AF(E2TE)Y =AY EHot EA YelgEd ot ANEAFH F SAHAANUAY 2
AIAZre 2 o]3 Th-2282] WEAYA] 23 AHow AT}

dl
w3

I 20. o5 LiEtoAM e 21nY|S Th PAlssTe| Hju

WAL s F X (mBq/k
= 7 S/ Is 0230 (mBq/kg) - gzl
**Th Th *Th
H 4.43~103 1.94~9.80 1.02~5.34
3 = Present Work
R 29.8+36.6 3.84+2.23 2.43+1.48
v = 3.00+0.17 2.00+0.17 (9)(meat)
3= 6.33+1.50 2.90+0.25 2.40+0.20 (11)
£ 2= (Walbrzych) | 4.90+0.48 3.04+0.36 3.61+0.40 (12)
dE 0.404+0.019 (6)(meat)
A= 22~93 (10)(meat)
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th. g17]9] Th HAts BEEX

19983 ~ 19993 A= ZHX| A xMFHSF F17] A|FE9 Th-228, Th-230 %
Th-2329] WAls w55 E43 A= ¥ 213 Zoh. Th-2289] 3¢ 403 ~ 67.2
mBq/kg-freshe] ®$jojn Th-2289] = HF WAls FEE  191£173
mBq/kg-fresh( 199813 9] 73-¢- 21.0£23.0 mBq/kg-fresh, 1999:d¢] 79+ 17.3+11.0
mBq/kg-fresh )t} Th-2309] ZA$E 122 ~ 13.0 mBq/kg-freshe] Hejo|H
Th-2309] A2 HF PAlS FEE 4.12+3.11 mBq/kg-fresh(1998' 3] 7 4.54+
477 mBq/kg-fresh, 19991 d2] 7$-= 3.71£1.37 mBq/kg-fresh)d ot 18]31 Th-232
o] HAISEEE 056 ~ 4.98 mBq/kg-freshe] M ¢jo)m Th-232¢8] A= HF WAl
¥EE 243+41.65 mBq/kg-fresh( 1998329 7% 2.56+1.69 mBq/kg-fresh, 19993 2]
$+= 2.31+1.76 mBq/kg-fresh )Ht}.

of

oX

E 21. 8((517))9 Th giisss: EAMn;

The] WAls % %(mBq/kg-fresh)
Alg Code | AHAH | AHALA
Th-228 Th-230 Th-232

kj981202c FF 98.12.02 8.63+0.84 2.70+0.46 2.55+0.45
s€981025¢ A& 98.10.25 17.50+3.04 4.90+1.61 0.86+0.72
bs981229¢ BAE 98.12.29 13.00+1.81 1.74+0.64 4.24+0.99
j981117c¢ A 98.11.17 13.03+1.58 1.22+0.47 0.56+0.34
gs981007c T4t 98.10.07 6.57+1.00 3.64+0.72 2.44+0.6
cc980411c Sl 98.04.11 67.22+5.84 13.02+2.32 4.68+1.39
gr990616c A 99.06.16 4.03+0.68 2.77+0.56 0.56+0.26
bs990426¢ HA 99.04.26 19.24+2.60 2.51+0.86 1.42+0.67
ad991115c Sl 99.11.15 10.56+1.30 5.43+0.90 1.62+0.49
s€991019c¢ A& 99.10.19 19.65+5.31 3.85+2.35 4.98+2.63
jj991223c AF= 99.12.23 13.73+1.64 2.43+0.67 1.25+0.49
tg991020c o) 99.10.20 36.32+5.59 5.28+1.97 4.01+1.73
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1Y 8& ©ar)e) Th-228, Th-230 ¥ Th-323¢] ¥Als % EAAFRE A2
gy AHAx et JeEbR Aotk 19983 EH 3 1999 th 7 23 A

Mg

D J— 1998 >« 1999 .

¥F N2 BM o 2o AM  ZE BN A5 MB HMFT  OF

D E— 1998 >< 1999 I

TEHF  ME M OB 24 &8 2B R4 o% MHE AR O

D — 1998 > 1999 E—

32| 18. S 117|Z=9| Th-228, Th-230 2/ Th-2329| HAls=E 23
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29 Th-2283} 1998d

N EERE

3, ¥ 22+

XxE
=

AA g Yol zALE
o @FolA zAbE A% ¥4 JEbd Aolth Th-2303 Th-232]

FHAA AFHI A5 Th-2300] o
AolU AHAdxd e B
2 17] 29 The #HAlsE T}

A Yegoy 1

Age Ve st

oToﬂT—" i=1

Aol A TUA B17le WASEES} FolMe] ZAARSE Ad
# 9ol Uee & + ATk T Th2ss) ASE GA AR ush 2
Th2289] WS sl IF(EBE)S) ZRGET ¥4 e Ao Bod
® 22. 0 LiZloiMel H17|E Th HAlssEe| |
= 7 _ wlesEmbe AgEa
Th Th Th
0 = WA | 403672 | 12-130 | 056~498 |
e 19.1+17.3 412311 2.43:+1.65
n] = 0.47+0.33 0.27+0.63 9)
Zgc 3.80+0.04 1.95+0.70 1.31:0.33 (11)
L= (Walbrzych) | 248+0.76 2.06+0.68 1.65+0.60 (12)
S 0.404+0.019 (6)(meat)
4 —E,L 22~93 (10)(meat)
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3. 79 Th £X 54

M

b DS Th PAs FERE

1998\ d ~ 1999 A= ZFA|o A AFHI U AlF 9 Th-228, Th-230 ¥ Th-2329]

WAbs FEE EAS Ade ¥ 237 Zoh Th-2289 79 541

~ 235 mBq/

kg-freshe] Hejojm Th-2289] A= HiF WALF FE& 135+574 mBq/kg-fresh(
199813 o] -9 168+50.0 mBq/kg-fresh, 199932 7Z-9+= 103+47.4 mBq/kg-fresh )
Atk Th-230¢] 79-& 053 ~ 144 mBq/kg-freshe] WMol Th-2309] A= HF

HAl: FEE 491+4.09 mBq/kg-fresh(1998'd 2

7§ 7.76+2.76 mBq/kg-fresh,

19991 9] 79 2.05+0.83 mBq/kg-fresh)@th. 122 Th-2329] WAMsEEE 053

~ 20.0 mBg/kg-freshe] Wjo]n Th-2329] AF FF WAs FEE
mBq/kg-fresh( 1998\ 3¢ 73-¢ 10.1£6.39 mBq/kg-fresh, 199939 A$¢&
mBq/kg-fresh )&t}

E 23 TR(Y) Th SAlssE 24z

6.21+6.03
2.30+1.59

g Code | a7 | Aaan o BAS TEmba/kgfresh)
Th-228 Th-230 Th-232
£s98107m Ak 98.10.07 176.73+£12.77 14.39+2.20 19.99+2.67
j980429m A 98.04.29 152.13+4.49 5.99+0.61 6.34+0.62
cc980803m =3 98.08.03 119.71+4.10 7.36+0.77 8.95+0.85
tg981113m o 98.11.13 109.81+8.64 1.87+0.74 1.87+0.74
kj980623m e = 98.06.23 235.29+23.54 8.15+3.19 14.74+4.27
se980817m S 98.08.17 211.99+7.82 8.81+1.10 881+1.1
gr991129m AR 99.11.29 107.02+5.56 2.16+0.62 1.83+0.57
ji991124m AFx 99.11.24 54.06+2.75 2.34+0.35 1.73+0.3
$€990907m A& 99.09.07 81.23+5.17 3.00+0.69 5.19+091
ad91018m olE 99.10.18 192.90+7.62 1.91+0.52 2.83+0.63
tg990821m 5} 99.08.21 93.22+10.77 0.53+£0.59 0.53+0.59
bs990920m BAL 99.09.20 90.13£12.04 2.38+1.49 1.67+1.29
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a8 19 U9 Th-228, Th-230 ¥ Th-3239] WMAlsE T BEXZAIAE AgAHxd
I AFAx wet dEbd Aot ArE o= 199819 A5 A Th-228, Th-230

T A W

N

-

00054 o &8 oz =7 ME o8 HFE AME o5 O =4

— 1908 >« 1999 EE——

a8l 19. 2e| Th-228, Th-230 3 Th-2329| BiAlssr i
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% Th-232 25 19993 Agit thi 24 Jegon, (93 RXEAHL ey
A &3kt Th-2289] WAs $%7F Th-2300|v} Th-232Kt}h w9 A Yelgts=H
e NEe BT A ARAAANDD ST AR} BLOZ Astel
AlEU19] Ra-2283 Ac-2282 H-E]9] WEBAA(ingrowth)2] ggo] & Ao 7]}
Aoz BAED. 2, A8 A #F, BE 2 2PAWAAY AHAZ] Hw
ZF 47 & WEAAEY FFe] vig & Aoz wddth Yy AR A B
2 A9 EXEHolY AHARY wE EEXHFL YA gk

TH, 4= AA o8 YA RAME E9 The ¥Atssxe gdHe A+
AN FzAtE 23 &4 Yebd ZHeolth Th-2303% Th-232¢] Z5-ole #HY 79

Fll‘

A ZAME SR Do) WAbsEETE oA e ZAMAHS Ao FUT U
Ae+S ¢ F AU
E 24, 0{ L2 YSo| Th gAlsszel b|@
2 7 W AHs 5 = (mBq/kg) e
Th *Th **Th
H 9 54.1~235 0.53~14.4 0.53~20.0
g = Present Work
o 135+47.4 4.91+4.09 6.21+6.03
o) = 0.9~10 0.1~28 (9)(grain)
3= 19.2+0.54 1.53+0.16 213023 | (11)(wheat flour)
£ &= (Walbrzych) 50.5+4.69 16.00+0.05 21.14+6.63 (12)
nekd 051~-43 |(14)(wheat flour)
g = 180~2300 12 (10)(grain)
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Y. F9 Th ¥Als T &%

1998\ ~ 1999\ d A= Z XA N3 F A2 Th-228, Th-230 2 Th-2329)
Hls s BA3 AxE ¥ 259 #th Th-2289] #A$ 133 ~ 980 mBgq/
kg-freshe] Wlol Th-2289] A= HFag WAls FEv 483£213 mBq/kg-fresh(
19983 <] 79 5714259 mBq/kg-fresh, 1999332l ZA-$¢+= 380+129 mBq/kg-fresh )
Ath Th-2309] 7-$-& 844 ~ 91.6 mBq/kg-fresh®] W 9o]n] Th-2309] A= H
Al 5= 3054219 mBq/kgfresh(1998'3¢] ¢ 33.2+32.0 mBq/kg-fresh,
19993 9] A9+ 27.4+9.96 mBq/kg-fresh)dth. 183 Th-2329] WAlsFEE 230
~ 422 mBq/kg-freshe] o] Th-2329] A= H T
mBq/kg-fresh( 19983 9] 79 222+143 mBq/kg-fresh, 199919 79 9.63+3.32

mBq/kg-fresh ) A T}

olr

16.4+12.2

rir

F b

I 25. FF(FR)9 Th eatsss BMZD

AE Code | MM | AU The] ®WAls & X (mBq/kg-fresh)
Th-228 Th-230 Th-232
kj980525s B 98.05.25 | 477.52+15.20 35.02+3.31 42.18+3.64
cc980521s = 98.05.21 | 608.82+18.06 43.80+3.54 39.04+3.33
s€980727s A& 98.7.27 | 980.17+33.65 13.35+3.53 21.52+4.47
gs980325s AL 98.3.25 | 793.29+23.41 31.27+3.80 14.62+2.6
j981129s A 98.11.29 | 338.78+14.80 8.44+1.99 23+1.1
tg980520s o 98.5.20 | 447.38+31.40 | 91.56+10.89 | 22.89+5.18
jj981212s AFz | 981212 | 350.25+43.63 8.85+6.84 12.64+7.84
$€990629s & 99.6.29 | 444.97+15.65 34.74+3.43 14.07+2.16
gr990429s A 99.429 | 361.13+16.43 37.20+4.79 11.59+2.68
tg990129s o) 99.1.29 407.60+17.33 27.49+3.22 5.5+1.45
jj991104s AFx 99.11.4 132.91+4.50 8.86+0.97 9.17+0.99
ad991102s tF 99.11.2 | 493.35+20.94 29.01+4.12 11.24+2.58
bs990719s A 99.7.19 442.88+18.50 27.31+3.68 6.21+1.78
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F 2 Mg 24 O o3 HMIT M8 ¥S oF HMFE s R

D — 1998 >« 1999 R

ZF 28 M8 28 o dF MFE MEB 28 dF MFE oE Ry

«— 1998 >« 1999 —_—>

a2l 20. E2| Th-228, Th-230 %! Th-2322| gtAlssE EX
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& UEhiA ggkout, 1998del BTeld AR FoAM Th-2309 HAbs 7}
Had g Uehgth Th228¢) WA $E7h Th2300y Th-2328th o9 &
gebgou 94 AWE uieh go| MRS 54T W7 ARAANLY S

o AR

(ingrowth)9] g &o] &

o
B3

o2 A3
Aol 71915HE

AgWe] Ra-2287 Ac-2282HE e WRAA
Ao 2 PodEh

A, B 262 AA 93 YEolA A8 Fo Thel WAlssxs 3HY A7
A zAtE AFE #7 vebd Zolth Th-2307 Th-2329] A$oles Tk 29
WAls 27t oA e ZAEAAS A9 FLT HAYA S & F UAAH
Th-2289] A= FH=9 SAHFEY v o, Fx(grain)dlAe Azt HHY
o TYUS FAYE ¢ & Uk
H 26. ofz] L2t 5L Th HAlssxel H|

= 7 WAHEE =(mBq/kg) .
Th *’Th ®’Th
4 = 1 9] 133~980 8.44~91.6 2.30~42.2 Present Work
B 483+213 30.5+21.9 16.4+12.2
e 31.7+2.5 27.0+2.2 )
Zd= 3.44+0.07 414+0.74 2.16+0.78 (11)
< (Walbrzych)|  10.2+1.4 3.41+0.52 2.58+0.55 (12)
B4 1.9~54 (14)(black bean)
S = 180~2300 12 (10)(grain)
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o B9 Th PAbs SERE

19981 ~ 1999\d A ZHA| A 233 & A5 Th-228, Th-230 2 Th-2329]
Wil T8 AT Ade 277 Zoh Th-2289 A9 291 ~ 687 mBq/
kg-freshe] Hjo|m Th-2289] A= HF WAls FE=+E 18.1+17.0 mBq/kg-fresh(
199813 9] 7% 21.5+22.3 mBq/kg-fresh, 1999 3¢ 7Z-$+ 1412109 mBq/kg-fresh
)Rtk Th-2309] ZH$+= 043 ~ 2.35 mBq/kg-freshe] H ol Th-2309] A= H
WAHs F5E 1.20£058 mBq/kg-fresh(1998d¢] -9 1.19+0.52 mBgq/kg-fresh,
19993 9] ZH$-= 1.2140.72 mBq/kg-fresh)@ith. 281 Th-232¢9] WAlsEE+ 032
~ 254 mBq/kg-fresh®] 9ol Th-2329] A= HF WAls FEv 1.26+0.87
mBq/kg-fresh( 19981d¢] 7% 1.44+0.96 mBq/kg-fresh, 1999%d 9] 74+ 1.05+0.77
mBq/kg-fresh )%t}

I 27. ZFRHAHL Th lssx 24D}

The] WAls &% (mBq/kg-fresh)
A& Code | AHAH | AH LA
Th-228 Th-230 Th-232
kj981009rice T 98.10.9 8.16+0.55 0.92+0.18 0.96+0.19
s€980924rice A& 98.9.24 7.81+0.43 0.53+0.11 0.45+0.1
gs981109rice T4t 98.11.9 16.78+2.13 1.43+0.62 0.93+0.51
cc981113rice =3 98.11.13 16.96+2.16 0.95+0.52 0.44+0.37
tj981129rice 121 R} 98.11.29 14.45+1.06 1.01+0.28 242+0.43
tg981017rice 2! 98.10.17 68.70+3.09 2.04+0.38 243+0.41
bs981217rice B A 98.12.17 17.93+2.00 1.42+0.56 2.48+0.74
ad991006rice HE 99.10.6 9.34+0.81 1.35+0.31 1.07+0.27
gr991129rice AR 99.11.29 26.16+3.56 1.65+0.90 0.75+0.64
s€991028rice A& 99.10.28 8.93+0.56 0.43+0.12 0.73+0.16
bs990920rice HA 99.9.20 7.95+1.04 0.61+0.29 0.88+0.35
jj991002rice AT 99.10.2 2.91+0.75 0.87+£0.42 0.32+0.27
tg991115rice o)+ 99.11.15 29.39+1.23 2.35+0.34 2.54+0.35
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0% 21 9] Th-228, Th-230 2 Th-3238] WAlssE EAANRE ARAHA
43 AHA=] W Jerd Rolth Th2289) A$ 19980 thFolA A7 &

D E— 1998 >« 1999 -

D — 1998 > 1999 I

22l 21. 4to| Th-228, Th-230 2 Th-2329| HiAls

ofF

T E2x
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ol Tha A UEhtoy}, Th2303 Th232k Aox BXERo| AHAEH of
Age YenIA gt
39, ® 288 A A8 Ukl A 2AbE 2 9 Thel WAsEEst 2w

FolA 2AHE AT ¥ UEhd Rolth Th-230% Th-2329] 7§l =4k 2o
LS EEs) eae] 2AATS Ao U WYt Aee T & AN

i 28.

oig{ L2t &el Th ghilss=e| vl
W ALs & = (mBq/kg)
% 7]- 228 230 232, ?"%—‘E—%‘i
Th Th Th
H Q) 2.91~68.70 0.43~2.35 0.32~254
3 - Present Work
2Ty 18.1+17.0 1.20+0.58 1.26+0.87
o) = 0.93+0.17 0.10+0.13 9)
B3 0.7~7.9 (14)
dE 0.460+0.066 (6)
o ot 180~ 2300 12 (10)(grain)

- 57 -



A7 4EF Thel 9 JEAZHey

1 R E e A

242 A7 sl 242 TRY PAASC] AAWE FYHL, o) WA
Qeaze YR Ee deo] Ak e S4B YA 9P YRIZEe FAB

SRR AN AR 4HF oot gAY, EU Fo| SHEL A

Astues WALz R0l oo geAT =3 ke S4EY HHFo)

2oz 598 AFd gelME 2rinid YR EdEe) g Bt & Uk
SAEAAC o EFY WENTHFL ofels} Zo] AT

C/2EF9 EF¥E, Bg/kg

U489 AHF kg/yr
£ Yeldt. 283 ICRP 26(1996)0 A4 A|A$F The] MzFEAQIA25]= & 299}
ziae s

E 29. The| MakslAtolx}

Dose coefficient
Radionuclide
(uSv/Bq)
®Th 0.23
2'Th 0.21
Th 0.072

223 2001dE RAER R FAld 3ld 329 $f, SHFEHIRLY), dx
7L §317)) 2 FFE, F ) 59 NEF HFES ¥ 307 gk
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H 30. st=0le] AER MFH

e 1211 &F2Kg) 017t MF 2H(kg)

-2 70.6 25.8

s} %) 31.7) 13.2 4.8

A 37] 204 7.4

7] 221 8.1

| 5.1 1.9

2 2.7 1.0

2 215.9 78.9

¥ 200195 R AR-GFRAHRAE R R
2. 2]F % Thel 93 JHEoZF A

F 299 AZRARAAIS} § 309 AFF AT 2 E AF0A

Th-230 ¥ Th-2329]
313 2.

AL 5

h Mol o8t LT E M

=25%¥ Thol o1& WE9F

ZAFSE Th-228,

Ags H71e do= %

017} The] BE5E P St
== | MF2 (mBq/kg-fresh) (uSv/y)
(kg) | Th-228 | Th-230 | Th-232 | Th-228 | Th-230 | Th-232 | A
%9 | 258 | 399 | 074 | 030 | 0007 | 0004 | 0002 | 0013
#A 17| 48 | 544 | 500 | 190 | 0002 | 0005 | 0002 | 0.009
A1z | 74 | 298 | 38 | 243 | 0016 | 0006 | 0004 | 0026
2my] | 81 | 191 | 412 | 243 | 0011 | 0007 | 0005 | 0.023
e 19 | 135 | 491 | 621 | 0018 | 0002 | 0003 | 0.023
2 10 | 48 | 305 | 164 | 0035 | 0006 | 0004 | 0045
A& | 789 | 181 | 120 | 126 | 0103 | 0020 | 0023 | 0.146
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Oy 22 B @7olAM 24 AF79 Thel 98 WREAFAZFS A9
Z Uehd Rolth Thel o W3 Z0F Hr1Ad3E B Th-2289 AFEAAR
ghol @om 2 Th-2289 Ates=rl Bl EAT Th-228¢ o WRIFAF
< 27 gtk a3 fuety e F4o] golng Fo HHFo] Bi mA
2] Thel o3 Wi Z o] the AEF o 2 o2 eyt

27 = Pl 27| Sy £ 3 #

a2l 22. AZRe| Tholl of#t LR mEMat

o

27, g7do] AAsE A AFF U Thel WAls A7} glv] W2l
19 248 AA0 9% Thel YRIZAFL olA7A ALY £ gl BAlolH,
£ Q77 $EFE 34 WEdE PR AFFo @ Thel WASEES 24
Ho o] o AFelq #ZUe] $4F Pl WE Thel &% W EHL
A7} A5 Aot

E 33 W A7AH F $69 Thel 9 WENEQSHs) ARE 9=
A4 ZHATSG MAF Rolth $elue $5F Thel o8 WRIZHFo] 9=
o 2AARRY WA @A JEton, ols 2ol M el ARSY o4

dAFo] A7) HEoletn BeHh

- 60 -



i 32. 7% Thol| e[t LR o|ZM2t
) 52 Z-d g uSv/yr)
=7} AR
Th-228 Th-230 Th-232
= 0.007 0.004 0.002 Present work
Zdc= 0.020 0.031 0.027 (11)
= ?_"E(Werbrzych) 0.041 0.053 0.059 (12)
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A8d F3H 7t

B APl AERFS The HetaAe wEe Adstr) 95 7129 &
emBY S TS F715hd The) resin§ 2L Wahsts PAR S AAsH)
EEY SEH A5ES 70% o4oT FAAINL aRBEAY 9B HER
%9 Th A4S FHsAt

aga S 2678, §F% 3670, =7/ 38/} §9 Th Wilesr SHEHE B=
3 2o - A9 Th-228 Th-230 ¥ Th-232¢9] WAls L& 4% A,
Th-2282 0.51 ~ 8.52 mBq/kg-fresh(¥ T 3.99+2.35 mBq/kg-fresh), Th-230-2 0.14
~ 245 mBq/kg-fresh(3# 0.74+0.57 mBq/kg-fresh), Th-232+ 0.01 ~ 246
mBq/kg-fresh(H# 0.30+0.52 mBq/kg-fresh) o]t}

A7) AS Th228& 157 ~ 180 mBq/kg-fresh(BF 5.44+4.99
mBq/kg-fresh), Th-2302 2.98 ~ 8.97 mBq/kg-fresh(¥3 o 5.00+1.99 mBq/kg-fresh),
Th-2322 025 ~ 9.32 mBq/kg-fresh(¥#F 1.90+2.56 mBq/kg-fresh)th. 23719
749- Th-228% 443 ~ 103 mBq/kg-freshe] W (FHTF WAls T+t 29.8+36.6
mBq/kg-fresh), Th-230& 194 ~ 9.80 mBq/kg-freshe] ¥W(FHF WAls FLEE
3.84+2.23 mBq/kg-fresh), Th-232& 1.02 ~ 5.34 mBq/kg-freshe] HY(HT WAE
T 2434148 mBq/kgfresh)gtt. Hiir]e] 7% Th-228= 4.03 ~ 672
mBq/kg-fresh(3 & 19.1+17.3 mBq/kg-fresh), Th-2302 1.22 ~ 13.0 mBq/kg-fresh
(3 4124311 mBq/kg-fresh), Th-232+= 056 ~ 4.98 mBq/kg-fresh(33 7 2.43+
1.65 mBq/kg-fresh) &t}

Yo 744 Th-228= 54.1 ~ 235 mBq/kg-fresh(¥3 & 135+57.4 mBq/kg-fresh),
Th-2302 0.53 ~ 14.4 mBq/kg-fresh(3 4.91+4.09 mBq/kg-fresh), Th-232= 0.53
~ 20.0 mBg/kg-fresh(3 T 6.21+6.03 mBq/kg-fresh){tt. F2] 7-¢ Th-228% 133
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