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Present Status of Ogoya Project and Background of a 7.6 cm¢ x 7.6 cm Nal(TI) Detector
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Analysis of Radon Concentration in OgoyaTunnel
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€ = Concentration of radon

E = Exhalation rate of radon from wall
r = Radius of tunnel

W = Wind speed
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Fig. 1 Cyrindrical model for the analysis of radon in tunnel.
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Fig. 3 Correlation of wind speed and radon concentration
for various Ea values.
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Fig. 4 Correlation of radon concentration and distance from
entrance for various wind speed.
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Metamorphic Rock 77777

Fig. 312 BiEE 7 F U BEOMBRE =~ B/
B AVAOEE (105 HOFH) (ZMEREIKRE
POBRAKI1SmBEITOLEHLTEY., FHH
03mTdHolz, PrFRILOFHEEISm, AD
2 529%m OMEEFEDT ¥ OFHRE
25BgmiE VA E, FIZRTEICT Fro®|
R L LT001Bg m2s 1RO EFES LB D
ENGhBE, T, ABMICEEEZ 2 bo—
TAZEICL-THEED T FVIBEOZEMZIED
HEaZ Eiikd, BlIZERLTRWD, b3
N DEP AR 2 AT R E LD H
R A ER1000Bqm S |1 ET ARMEER S,

b R A2TL 27 F - OMBIREC(0)
AR DT 7Bqm S & L ##E% % 0.01Bq
meslE LB, ADO»PLDMRE(x)EZF >
ORI Fig 4R TEICANVONLOH
BEL AR ICHEIN T A EIZ R B, P ANNOD2H
T FVgBERABHETAZ EICLIDET L
DFBHEORBFELTIREL %2 50

FREyOPEEEE > TWd PR VADER
ERAb R Uk U, Th KigE%EZ, —a2—F Y
JBITHIS LTV A [ 0O KAMIOKANDE - 11
DRBEBHADERRERMEOREMEE L LIS
FighlZmR ¥, BAEOSEA (BIKARS) OU,
Th G IEREOESOIEECTHM O L
KELWE, 7 FVREIABON1/S50TH D
WTHIERE LTOEMET o LR,

Tuff Breccia [EEEE
(Weathered) [FEE
(Soil) EreE

amioka

Granite

Tuff Breccia
(Weathered)
(Sail)

Granite

ARRZC I e O M & SR (LR Om IO T Tiibh, 837 EBSHMEFHTRS (19934F 10 A &IR) TL
O—AFFENIUTH, 20 EREPBES (199445 H HH) BV TRERS N, |



RANHEREZ T O—T LT BT ROEHRR —FHIIFKH—

Radiochemical Study on the Behavior of Groundwater in the Tedori Fan, Ishikawa
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Fig. 2 Distribution of 238U, 226Ra and 222Rn contents in the groundwater in left side area of the mouth of Tedori River.
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Dynamics of Natural Radionuclides in the Water of Lake Biwa (1)
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Fig. 1 Sampling points of river waters and concentrations of dissolved uranium.
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Anomalously High 237Np in Sediment from the Ribble Estuary in the Irish Sea, UK
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HR-ICP-MSIC K B*TcEBZDHRE L FDLHA

Development and Application of Analytical Method for Determination of Low-Level “Tc
by HR-ICP-MS

Introduction

The main sources of “Tc in the environment are global fall-out from nuclear detonation tests, nuclear power production, nuclear
fuel reprocessing plants, storage of nuclear waste and the use of “™T¢ in nuclear medicine. Although the releases of “Tc to the
environment are rather low compared with other artificial radionuclides such as #20py ¥10s and *'Sr, the half-life of *Tc (Tin =
2.14x10° y) assures its presence in nature for a long time. Therefore, it is important to determine the concentration of “Tc in the
environmental samples in order to understand the distribution and behaviour of “Tc in the environment.

Recently ICP-MS has been used widely in the field of analytical chemistry. It provides a very low detection limit, relatively
simple spectra and the capability of isotopic analysis. The conventional version ICP-MS using a quadrupole mass analyser was
capable of measuring many long-lived radionuclides at the picogram level. This technique although successfull, a method which
has a higher sensitivity and lower detection limit seems still necessary.

In the present work, the analytical procedure for determining low-level “Tc by using HR-ICP-MS has been developed with

emphasis on the elimination of isobaric interferences at mass number 99.

Experimental

The analytical procedure presently developed is Sample ——I
; ’ . § . Tec-95m spike
h Fig. 1. Th sists fay
schematically shown in Fig e procedure consists Leaching (conc. HNO3 and H202) Back extraction into H20

bem: diluent
of leaching of Tc from sample by HNO:, separation Chenzenc 45 lluent)

and purification by 3 stages of solvent extraction with Ij‘l's's';‘l’::';; ;ﬁﬂ’i‘ﬁé"‘;“"d O
djust pH to 2
30% TOA-xylene, methyl ethyl ketone (MEK) and * and adjust pHi to
. g . 30% TOA-xylene extraction
followed by cyclohexanone. Finally “Tc fraction was Anion exchange resin column
{ IMHNO3, Dowex 1-X8)

passed through an anion exchange resin column to 5M NaOH back extraction
=& Feed solution
reduce total amount of salts component and Mo. The —= 0.5M HCI (Mo off)
Sl : MEK extraction —» Cold & Hot water (salts off )
puirified Tc solution was gently evaporated to dryness (to remove Ru and Mo ) e 1M HNO?

== 10M HNO3 ( Te elution )

and was dissolved with 20ml of IM HNOs, prepared 1)
Back extraction into H20

from Shper analytical gradc. After adding Rh as Chmspe o lnenty Evaporate to dryness and dissolve

2 5 ; ; in 1M HNO3(20 ml)

internal standard, chemical yields was determined by y- Adfist 6ot 1o 1M K003 Rh (internal stand.) spike
and shake for 30 min. with H202 Te-95m measurement

ray counting of “*"Tc using Ge detector.
( gamma spectrometry )

The measurements of ~Tc were carried out using a

. . . Cyclohexanone extraction 09 mdnsurensen
double-focusing type ICP-MS with high mass (to rerrEove Ru) CHRAICP-MS )

resolution supplied by VG Elemental, Windsford,

Cheshire, England. Fig. 1 Analytical scheme of technetium.

Results and Discussion
Separation of Technetium from interfering elements

Since the measurement of “Tc¢ is based on the mass spectrometry, isobaric interference at mass 99 (“Ru) is a key problem. Many
papers have reviewed the available methods for the purification of Tc from interfering elements in particular Ru : evaporation,
precipitation, solvent extraction, NaOH elution from anion exchange resin column etc. In the present study, solvent extraction
technique was chosen to remove Ru contamination, because this methos was found to provide high Tec recovery as well as effective
decontamination from Ru.

Technetium leached from the sample was firstly extracted with 30% TOA-xylene from 2M HNOs. Then, Tc was extracted from
5M NaOH with MEK and back-extracted into H:0 by using benzene as diluent. Until this step, decontamination factor (DF) for Ru

was found to be about 103.

.-



Further decontamination of Ru is required in determining low-level 99Tc by HR-ICP-MS because abundance of Ru is about
0.01ppm in natural materials. As far as 10° - 10" of DF for Ru is dispensable to measure ppt level of “*Tc with HR-ICP-MS.
Therefore, solvent extraction with cyclohexanone was used as the third extraction. Technetium as pertechnetate was efficiently
extracted from basic carbonate with cyclohexanone. Ruthenium is oxidized to an inextractable valence state by H:0: and remains in
the aqueous phase during the extraction.

Reagents used in the paresent study have been checked extensively as possible source of Ru. Analytical grade HCI and anion
exchange column (3cm in height, 0.6cm in diameter) was used. Column was completely washed with analytical grade and then
super analytical grade HNOs: (Tama Pure AA-100). In this way, Ru contamination can be reduced as low as possible.

Decontamination factor for Ru through overall procedure was found to be higher than 106.

Accuracy and Precision
The accuracy and precision of the procedure developed here were examined by applying it to the detamination of “*Tc in IAEA

standard reference material AG-B-I prepared from marine algae, because intercomparison soil sampae was not available.

The results of the analysis using about 5g of dry sample are

presented in Table 1. The recovery of “Tc ranged from 84 to 92%.
The “Tc contents in this material agree well within the reported values
with the quoted errors. Standard deviation of replicate determination | C . il

was about 3%. Detection limit of *Tc was estimated to be | - 2mBq |

per sample at the 95% confidence level. Its level is compatible with
that reported by using quadrupole type ICP-MS. The "Tc used here as |s
. {reprocessing plant
a yield tracer was found to be contaminated with trace amount of “Tc.

If “Te-free “"Tc is available, detection limit of “Tc under the condition

studied here will be lower than 0.5
mBq per sample. Fig. 2 Sampling location of sediment core from the
Esk Estuary in the Irish Sea , UK
Application
This method has been successfully applied for the determination of “Tc in sediment core samples from the Esk Estuary in
the Irish Sea, UK [Fig. 2 and Table 2].

Table 1 Results of “Tc measurements in IAEA Table 2 Results of “Tc measurement in sediment samples
marine algae sample (AG-B-1) up to the depth of 10 cm of the sediment core (21 cm)
from the Esk Estuary in the Irish Sea. e 7,
Weight  Tc-99 found Yield Shale:  Pepth Concentration Chemical yield Concentration
Run '8 ; i fkg d % Bqlkg d
(®  (mBg/gdry) (%) ey (Bqftg oy e (Sakg d)
: oot - % 1 0-1.0 242 + 13% 861 * 21 1296 + 12°
: I3k 08 HF L9 2 1.02.0 297 * 14 869 + 09 1765 £ 10
2 5025 117 £07 873 £ 1.0 3 2030 339 + 20 874 * 24 852 * 17
3 5.064 11.5 £ 0.6 83.8 +09 4 3040 336 + 20 8.6 = 09 3561 + 30
0-5. a £ 17 %0.1 * 24 4517 +
Aveage 118 £ 040 5 4.0-5.0 337 £ 1 1 30
. g 6 5060 500 £ 3.0 853 + 09 6320 + 27
eported value
Range : 11.1-14.7 mBq/g dry 7 6070 593 + 35 710 + 09 8737 =+ 45
(a=0.05) 8 7080 786 * 46 946 + 1.2 11113 + 53
Median : 11,5 mBq/g dry 9 8090 862 * 45 864 + 09 12412 + 86
10 90-100 109.0 * 6.0 g76 £ 09 14530 + 103

a : One sigma standard deviation of 4 times
measurements.

b : One sigma standard deviation

The values of 7Cs were corrected for decay to the date of sampling (20 November ,1990).

a: One standard deviation of replicate measurements (n=4) in final solution taken from
one sample.

b: One standard deviation of counting statistics.

[(ABFFE 1L RS BEE Syarbaini & OB HEMBIET - HIBAM L OB AL W iTabh, —#ix [E4ERCRER
BPIZBIAT 772 F - BERRUBHEOE L XVHIE | CBT A Es0FEB&# 5 FH944E7H) COEREEL:. |
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Characteristics of Low Background -ray Spectrometer using Si Detector
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Fig. 1 Characteristics of PIPS detector.
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