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Abstract

In order to estimate the degree of intake of U tlweugh daily diet, a Keorean total diet
sample was prepared after the investigation of the ameount of consumption of daily diet
which iz dependent on the age of Z0's to B0's, For the analvsis of U, ENAA method
was applied and MNIST SBEM 1566a, Owster Tissue was used as a quality contrel
material, The result of SEM analvsis was compared with certified walue, the relative
errar was 1522, The determination of U in a Korean total diet sample was carried out
under the sarme analytical condition and procedure with SEM |, It iz found that the
concenfration of U in synthetic Korean total diet was 354 + 44 ppb and the amount of
daily intake of U by diet iz 698 ug per day, Radicactivity due to the intake of U was
estitnated to ke akout 867 mBg per person per day and the annual dose equivalent was
revealed as 211 LS per person.

1. Introduction

B {5 a radicactive element which incurs internal doses by inhalation of airborne
particulate matter and by intake of daily diet [1]. Therefore, it is necessary to apply an
accurate and precise analytical method for U and impertant to assess radiation doses
from this natural source in the human bods,

Ewen though there are sewveral wery sensitive analytical techniques for U, such as
izotope -dilution mass spectrometry, neutren-induced track counting or ICP-WNE, it was
Enewn that Radiochemical Neution Activation Analvsis (BMNAA) possesses  the
considerable adwvantage of being blank-free [Z] | It was the aim of this study to apply
EN&A for the determination of U in the Korean fotal diet sample based on the daily
food data of those aged 20 to BO(TT adults) in Korea, The average amount of daily food
consumption was 1700z,

In this study, through the determination of the concentration of U in Korean total diet
by using Z*Np tracer and BNAL, it was intended to estimate the daily intake of U and
to assess the annual dese equivalent,



2. Experimental
2.1 Sample Preparation

To prepare the Korean total diet for analwsis of U, diet samples were purchased in
the market and pretreated as in the following procedure @ diet samples were mixed by
blender for homogenization and freeze dried for 30 hours at -80 92, After freeze-drving,
The weight of the total diet was reduced from 11200 g to 13022 A freeze dried sarmple
was finely ground by using agate motar, Pretreated Horean total diet sample was
prepared inte polvethvlene capsule washed by 1N HNOg for irradiation, NIST SEM
1666a, Ovster Tissue was done as well after drving  for 2 hrs at 80%C in owen in
accordance with recommmmended procedures of MIST 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(Fneumatic Transfer Svstem) of HANAROD research reactor,
NIST SRM samples were also irradiated in the same condition, These samples were
allewed to cool for more than 3 days, 05 ml of THNp scluton (01 2Ci50ml, Isotope
Froducts Laboratories) was frradiated for 10 - 20 min, to produce relevant activity of
PP (Tuz = 508 hr, Ey = 984 keV), It should be noted that the absolute activity of
ZSEII‘\]}::- iz not required, kecause the chemical wield measurement is based on relative
measurements of S Np in an unprocessed aliquot(as standard) and in the sample fraction
separated according to the FNAA procedure,

Uranium was determined by using the nuclear reaction of

3 my) 20U L ®Np ( Tiw = 24 d, By = 2775 keV)

&ll samples were analvzed by estimation of ZNp-activity, For the ¥-ray measurement
of Z*Np, ®Np and other nuclides, HF-Ge semiconductor detector(EG & & 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

FMA & methed using anion exchange resin (DOWEX 1 x 8, C17 form, 100-200 mesh)
was applied for the analysis of U [3], The stepwise separation scheme of U is presented
in Figure 1, subsequent separation procedures are as follows 0 before sample digestion,
added the aligout of ®Np-sclution and then samples were digested in concentrated
HNOs MNow this digested solution wwas almost evaporated to drvness, 25 ml of 98 HCI
and 05 g of hydroxyl amine hvdrochloride were added and then warmed gently for 10
mimites to convert Np fo I\Ip‘“. &fter preparing the ion emxchange colurmm, the digested
golution of sample was leaded and MNp was eluted with B0 ml of 1M HC] from the
column, Eluent was evaporated from 60 ml to akout 5 1l and added 7 ml of HS Oy and
abeut 100 mg of Hz50, The sclution was gently warmed and 40 mg of Ba carrier was
added dropwise until BaSOy precipitate appeared, This precipitate was filtered using



Whatmann 542 filterpaper and gamma-activity of Np was messured finally,

3. Results

For quality control, the concentration of U in NIST SEM 1633a, Owster Tissue was
determined to check accuracy and precision of BNAA methed, The analvtical walue was
113 + 1 ppb and compared with certified walue (132 + 12 ppb). The relative errcr was
1522, But considering the uncertainty of the certified walue, cur wvalue was I good
agreement with the certified walue, Figure 2 shows gamma-ray spectrum of U analvsis
in SEM Owster Tissue and “Np standard for vield calculation,

&s oa result of the analwsis of Korean total diet sample, the concentration of U was
354 £ 44 peh Figure 3 shows gamma-ray spectrum of U analwsis in Korean Total
diet sample and mNp standard for wield calculation, Takle 1 shows the analytical
results of U in SBEM Owster Tissue and Keorean fotal diet sample, Ewven though the
difference of the chemical vields was identified in Table liespecially Forean total diet),
analvtical walues did not fluctuate much, which mesns an advantage of ®Np tracer
mmethod,

Applving the average amount of daily food consumption of 1700g, the T intake b
Korean total diet was estimated to be 698 WLg per person per day. Conwverting this into
radicactivity, the walue is about 867 mBq per person per day, The effective dose
aquivalent by U intake was known as 588 xz 107 SwBq [1]. Consequently, it can be
concluded that the annual dose equivalent of U in daily diet is about 211 uSv per
person, Dietary intakes of 1T for Japanese hawve been reported in limited number, The
mean daily intake and its standard deviation, 071 + 031 pe(880 £ 3.84 mBq) per
person, were reported from a duplicate portion study covering a wide range of Japan [4],
Our result was estimated to ke much higher relative to those of Japsnese,

4. Conclusion
From the abowve results, it was clarified that the BENAA method can be applied
gselectively for the determination of U7 in real samples which hawve ppbk lewel of
concenfrations, In addition, for the assesment of radiation deose from natural radicactive

gources such as U and Th, BNAA will ke effectively appled to kological samples,
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Sample SRM Owster Tissue Korean Total Diet
Fun No, 1 2 3 1 2 3
Chemical
s a4 % BR % 65 % 21 % 16 % 87 %
Yield
Aralytical
malytcal g pob | 113 ppb | 112 ppb | 391 peb | 378peb | 292 ppb
Walue
Plean = SD, 113 £ | ppb 354 = 44 ppb

Takle 1, Analytical results of UJ in SBM Owster Tissue and Eorean Total Diet
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Figure 1, Hadiochernical separation scheme for the determmination of U{wHNp}
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Figure 2, Gamma-ray spectrum of U analvsis in SRM Ovster Tissue and ®Wp standard
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Figure 3, Gamma-ray spectrum of U analysis in a Kerean Total Diet and ®Np standard
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