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Abstract

In order to estimate the degree of intake of *Th through daily diet, a korean total
diet  sample was collected and made after the inwestigation of the amount of
consumption of daily diet  which iz dependent on the ages of 20°s to B0's, Far Th
analvsis, the ENAA method was applied and NIST SER 1575, Pine Meedle was used as
quality control materials, The result of the SBM analysiz was compared with a certified
value, The relative errcr was 594, The determination of the Th in the korean total diet
sarmple was carried out under the same analvtical condition and procedure with SEM
&5 a result of the korean total diet sample, the concentration of Th was n 34 + 02
ek and the amount of daily intake of Th by the diet iz found to be 067 Lz per dav,
Badicactivity by Th mtake was estimated to ke akout 2.7 mBq per person per day and
annual dose equivalent was revealed as 073 W3v per person,

1. Introduction

Th-237 iz a radicactive element which has about 4078 Bglz of specific activity and
incurs internal doses by inhalation of aitkorne particulate matter |, by intake of daily diet
and by industrial actiwity [1]. Therefore, it is necessary to apply an accurate and
precise analvitical method for Th and impeortant to assess the radiation deses from this
natural source in humsan hbody,

For this purpese, BMNA A (Radiochemical MNeutron Activation Analveis) which has the
advantaze of high sensitivity and selectivity can be applied as a relevant method [l
In previous study [(3], this possikility showed, Meanwhile, the Korean total diet was
prepared, which was based on the food daily data of the ages of 20°s to B0°s, 77 adults
in Korea, The awverage amount of daily food consumption was 1700g, Takle 1 shows
the data for the daily food consumption of Keorean people in 1937,

In thiz study, with the determination of the concentration of Th in the Korean total
diet by using BNAA, it was intended to estimate the daily intake of Th and assess the
radiation dose,



2. Experimental

2.1 Sample Preparation

To prepare the Korean total diet for analwsiz of Th, the diet sample was purchaesd in
markets and pretreated by the folowing procedures @ for homogenization, diet samples
were mized by blender and freeze dried for 30 hours at -80 2, After freeze-drving, the
welght of the total diet was reduced from 11200 g to 1302z The freeze dried sample
was finely ground by using an agate motor, The pretreated Korean total diet sample
was prepared in a polvethylene capsule, washed by [N HMNO; for bradiation, NIST SEM
1675 Fine Meedle were done as well after Jdrving  for 2 hre at 80%C in an owven in
accordance with the recommended procedures of MNIST certificate,

2.2 Sample [rradiation and Badicactivity Measurement

The prepared diet sample was irradiated under the thermal flux of 17 ¥ 10" nfem®-
sec for 4 hours using PTS(Preumatic Transfer System) of the HANARD research
reactor, NIST SR sarmples were also irradiated in the same condition, These samples
were  allewed to cool for meore than 10 daws to reduce interfering activities of
medinm-lived nuclides(*Na, ®Br etc),

Thorium was determined by using the nuclear reaction of

F2Th (ny) =Th E ®pa ( Tis = 274, Ev = 312 keV)

4ll samples were analvzed by estimating the “®Pa  -activity, For the v-ray
measurement of “~Fa and other muclides, a HF-Ge semiconductor(EG & G ORTELC,
GEIIZRIEE, 1 85keW resclution at 1332keV of Co-B0, Feak to Compton ratie 45 @ 1) and
8K MCAMCE 919, EG & G ORTEC) were used,

2.3 Radiochemical Separation Frocedure

The EWNAA method was applied for Th analvsis [d], The flow scheme on a separation
procedure of Th iz presented in Figure 1, Suksequent separation procedures are as
follows  samples were digested in cotcentrated HNOz Add 40 meg of Mn carrier and
heat the solution to dryness, Then add 25ml of 48 HNOsz and gently warm, The Mnlz
precipitaion is then centrifuged and supernatant discarded, The precipitation iz dissolwed
bw the addifien of a few drops of HaDa To this selution, 7 ml of Ha50, is added and
about 100 mg of Ka504 The soultion is zently warmed and 40 me of Ba carrder is
added dropwise and BaSOy precipitaion appears, The BaSOy precipitation get redisselwed,
Thiz solution is cooled and 40 - 50 ml of water is added to it along with constant
stirring, The BEaSOd4 precipitation reappears, This precipitation is  filtered through
whatmann 5472 filterpaper and counted for 3172 keV v-ray peak,

3. Results and Discussion



For the quality contrel, the concentration of Th m NIST SEM 1575, Pine Meedle was
determined to check accuracy and precision of the BNAA method, The analytical walue
was 35 * 3 ppb, Compared with the certified walue (37 £ 8 ppb) relative error was
622, If the uncertainty would he taken into account, our walue was in good agreement
with the certified walue, Fig 2, shows the garmma-ray spectium of the Th analvsis n
SRM Pine Meedle with analvtical condition,

&g a result of the duplicate analvsis of the Horean total diet sample, the analvtical
value was 34 = 0.2 pph Fig 3, shows the gamma-rav spectium of the Th analvsis in
the Eorean Total diet sample, If the average amount of daily foeod consumption is 1700g,
for the calculation of daily Th intake by diet, the Th intake by the Korean fotal diet
was estmated to be 067 Lg per person per day, Converting this inte radicactivity, the
value iz about 27 mBg per person per day, The effective dose equivalent b =21y
intake was known as 738 = 107 5v/Bq [1]. Consequently, it can be concluded that
anmual dose equivalent by *Th in daily diet is about 073 uSv per person, Dietary
intakes of Th for Japanese hawe been reported in limited numbers, The mean dailv
intake and its standard deviation, 041 + p0Zl1 pgll? + 0.8 mBq) per person, were
reported from a Jduplicate portion study covering a wide range of Japan (5] Compared
with Japanese walue, Cur walue was estimated to be slightly higher but not significantly
different,

From these results, it was clarified that the BENAA method can be applied effectively
for the determination of Th in real samples which hawve ppb or sub-pph concenfrations,
In the future, for the assessment of radiation deose from natural source T as well as
Th, the BHMAA will ke effectively applied through lots of practical sample analysis,
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Table 1, Awerage consumption frequency of different

food

iterms  for one

daw

representative mixed diet of adult Eorean and weight of each itemn to prepare one day

Korean representative total diet,

H's 40's a0's 205 eerall

boiled rice 243 2.48 214 1.78 218 ¥ 210g = 457 &
kirnc b 220 264 240 1.81 228 x a80g = 13570
soybean paste stew 028 088 Q&0 02 045 ¥ 18Jg = 8lg
kimch'i stew 0.35 0.30 031 023 030 * 180g = R4p

fish stew 017 0.27 017 0.20 020 ¥ 18Ig = 36g
seaweed soupl 021 0.ar 014 a1z 0.13 ¥ 380p = 455
broth (meat juice) 0,24 0.32 024 031 029 x 380g = 101.5g
bean-sprout SoUR Q.10 0.20 013 0.ay 0.13 » 380p = 45Ap
bean curd stew 0.02 004 008 003 0.08 X 180g = 10.8pg
lamyesn Q.10 .11 014 0.24 015 X 120g = 18p
noodles with bean sauce 002 0.05 004 a7 0.05 ¥ BXg = 280
wheat nooedles Q.00 Q.02 .00 Q.04 002 x 78lg = 15p
noodles Q.08 0.a7 017 0.0z 008 ¥ 90g = 720
Chinese-style hotchpotch Q.00 0.04 0.0 0.2 002 X 790g = 158p
meat and Chinese noodles 014 0.02 0o Q.05 0.05 ¥ 200g = 120
pizza 0.0z 0.00 Q.00 0,05 002 X 200g = 4g
hamburger, sandwiches 0.02 0.0a 001 003 003 X 200 = 4n
cake 0.05 0.04 0.0z 0.0 003 X 100g = 3g

pie 0.00 0.0z 0.00 0.0z 001 X 100g = 1g
doughnut 0,04 Q.02 0.0 .01 002 X 100g = 2g

table bread 0.00 Q.09 0.05 0.8 008 X 100g = &g
cabbapge 0.00 0.0z 0.0 012 0.04 X Fdg = 28g

radish 018 0.08 0.24 020 018 ® 70g = 126

Welsh onion Q.04 0.05 010 .05 008 X 20g = 120
mushroom 0.05 0.7 001 0.3 008 ® T0g = 420

bean sprouts 0,08 0.03 014 013 011 % 7dg =770
lettuce 0.04 0.0a7 014 003 008 ® 40g = 3460

garlic 0.04 0.04 0.04 0.04 0.04 ¥ 10g = 04g

red peppeT 0.0 004 008 005 005 ¥ 20g = 120
cueumber 0.04 004 008 0.18 0.09 x Tp = 5.30
sesame leaf 012 0.ad 0av 005 005 ¥ 20g = 120
Epinach 010 021 013 0.9 013 ¥ 7dg = 9.1

carrot Q.10 Q.00 001 0.ay 0058 ® T0g = 3Ag

£Nion 0.2 0.00 001 0.0y 003 X 40g = 120
pUmpkin 0.0z 0.04 0.0 o0 002 ® 70g = 1.4g

broad bellflower 018 0.00 002 .05 0.08 X 7dg = 420




Takle 1, {continued),

s 40's a0's 2's eerall
bean curd .31 0.886 048 Q.37 050 X BOg = 40p
beef 043 052 0143 .11 031 X 60g = 18670
pork 0.20 0.38 0.44 037 035 X &80g = 21
chicken 0,04 .11 0143 008 013 ® &lg = T8p
~ BQOQ 0,30 0.38 071 Q.43 047 X B0g = 23.5g
tuna Q.08 0.00 Qo7 Q.04 0.04 ¥ 7dg = 28g
mackerel 018 0.30 018 Q.07 018 X 70g = 1248g
anchiony 018 0.27 01z 0.08 018 ¥ 13g = 2.1
cuttlefish 0,04 Q.02 0,05 Q.15 007 X T0g = 48g
walleye pollack .08 0.0a 004 008 0.08 x Tp = 350
mackerel pike .00 0.04 .00 .01 0.01 % 70g = 070
shelffish 0.0 0.a7 0.00 0.2 0.03 ¥ 30g = 08g
fish Lall Q.00 Q.02 012 Q.05 005 X Blg = 25p
laver 071 0.495 074 Q.42 071 X 30 =21¢g
brown seaweed 0.08 0.20 008 005 010 X g = 7o
green layer 0.02 004 000 004 0.03 x Tp = 2.1g
wx il 48 498 140,18 2024 9513 7540
iCECTEAM .00 0.00 004 0.3 003 » 100g = 3g
wogurt 033 0.34 015 026 027 X 180g = 486
apple 071 0.h3 05E 023 053 ¥ 100g = B3g
RErSimmMon 051 .30 210 0.9 0.25 X 100g = 250
frange 0.08 0.39 029 0.20 0.24 ¥ 100g = 24
pear 0,05 Q.05 Q.10 Q.05 007 XX 100g = 7g
«n Leer .08 2.68 £3.29 8216 44 .30
w distilled spirits 2143 1334 5383 31.43 3255
w+ TAw TCE wine Q.00 0.ad Q.00 4.85 122
=« refined rice wine G812 0.aa 475 0.85 254
« coffee 23 50 458 T L}
wa ookE 4] 10.5 185 2 18
«« s0ft drink a3 3 3 Th 4.5
-+ suweat rice drink 4] 3 a 15 3
«« Qrange juice | 10.5 25 105 105
=« adlay tea 2 ] ] 2 1
=+ Oreen tea 4 4 & a3 L
«« B3 ] 0 1 3 1

« Mumber
s« Solume inomi



[rradlated Eanple ( Z2e Hnlz Pouwdar )

[Ty = 2=—3 usahe}

— 10mf of 4-8H HNO,.
|- Ashlng at 45050077

AE, AE, He, LK, Na, (ronnant )

Pbk,Ba, Halopane

Evaporatlon — d40mg Hn Carrler g

~ 20mf of 4f HNOa
= 1=—2 drope H:0:
- Dlpeetlon

— Z0mE of 4H HNOy
— 1-—2 Orope Hd:

[~ 30mE of 4=-BA HNO.

— DOlpsstlon

— Ha, CEIEEED)

Em# Eolutlon)

— 25mE of 4-—BA HNOa
[~ 200--300mg KEr0,
- Centr lfups

?V
AnO: ppt, ) heat Lng to H:20, hune

dp 100mE B.M,

— 25mg of Ha Carrler <
1-Ehre — Imf of KERD.

- Tmf of HAED.

= HzO:z

(I]aEI].. ppt. ulth ““Fa tuhlta))l’l’t

aglng |— Hhatnan 542 Flltar v

A 4

P / 50me bW,
@@‘ \\ 2ong Ha Garrlar

— Detactor
— HO#
y

¥ -Countlng (40008}
dil Bke¥ ¥-Lllne

( Data Hvaluatlun)

Figure 1, Badiochemical separation scheme for the determination of Th{=Fa)
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Figure 2, Gamma-ray spectrum of SEM 1675 (pine needles) by INAA and FNaA
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Figure 3, Gamrna-ray spectium of Korean total diet by INAA and BNA A
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