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Abstract : Caesium radioisotopes, 134Cs and "'Cs which come from the atmospheric nuclear tests and discharges from nuclear

power plants, are very important to study artificial radioactivity. In this work, in order to lower the minimum detection activity
(MDA) we investigated environmental radioactivity according to the Environment Measurement Laboratory procedure by *’Cs
and "**Cs which is similar to chemical and environmental behaviors of '*’Cs. The environmental soils in high mountain areas near
nuclear power plant were collected, and an Ammonium Molybdophosphate (AMP) precipitation method, which showed high
selectivity toward Cs' ions, was applied to chemically extract and concentrate Caesium radioisotopes. Radioactivity was estimated
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by a gamma-ray spectrometry. In gamma energy spectrum, with an increasing of “K radioactivity, it increased the MDA of "'Cs
and "’Cs. Therefore, if the natural radionuclides were removed from the soil samples, the MDA of Caesium may be reduced, and

137

the contents of ~'Cs of in the env1ronmental soils can effectively be estimated. In the standard soil sample of Korea Institute of

134

Nuclear Safety, radioactivity of *K was removed more than 84% on average, and the MDA of “"Cs was reduced 2 times. The
content of *’Cs was recovered over 84%. On the other hand, in environmental soils, AMP precipitation method showed removal

ratio of “’K up to 180 times, which reduced the MDA about 5 times smaller than those of Direct method.

137 .
Cs recovery ratio

showed from 54.54% to 70.06%. When considering the MDA and recovery ratio, AMP precipitation method is effective for

detection of Caesium radioisotopes in low concentration.

Keywords : Environmental soil, Caesium radioisotope, Minimum detection activity, Ammonium molybdophosphate, Gamma-ray

spectrometry
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Igniting (45000, 12hr) e—

| Chemical

treatment |

¢ Spike with HC1 2.5 L (pH: 0.0)
e Stirring for 3 hr & heating

Filtering
glass fiber filer (GF/C 110 mm¢) & 5C 110 mm

‘ Soil disposal

Adding AMP (30g) e—)
Stirring for 3 hr & precipitating — m—)

e }/3shing with HCI (pH: 1.6)

Filtering
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- Solution disposal

AMP drying &

yield measurement

HPGe detector

Figure 1. Flow chart about AMP prepreatment of a soil.
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Table 1. Specifications of the HPGe detector

- Detector : HPGe (GC 4018) - Crystal diameter : 61 mm
- Resolution : 1.8 keV at 1.33 MeV - Peak/Compton ratio : 62/1
- Relative effect : 40%

3018)0]t}. Ge ZAL A7 61 mmo]il Zo] 40 mmo|H “Co
9] 1332.5 keV 7rupA © 2 HLE] 3" x 3" Nal (TI) A& 70| of
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Figure 2. High purity germanium (HPGe) gamma-ray spectroscopy system.
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Detector |—
(Model GC3018) i

Amplifier
(2002 CSL).—

Shield | ﬁ
(Model747)
High voltage
generator
(Model 3106D )

NIM Bin &
Power Supply
Model2100-2

Multwave Analyzer
(Muttiportl )

I

Analysis program
( GENIE-2K )

Detector Shield

Electronics

Figure 3. Flow chart of a signal processing and spectrum collection about HPGe detector.

Table 2. Characteristics of standard gamma-ray sources as a geometry

AnaIyS|s program

Activity (B
Nuclide | Half-life (day) | Energy (keV) Yield ty (Bg)

20 mL 40 mL 450 mL 1000 mL 2000 mL

Am | 158004+219 59.54 35.78+0.09 | 4657+£4.1% | 4442+4.1% | 6233+4.0% | 10941 £4.0% | 14331+4.0%

1%cd 461.4+1.2 88.03 3.626£0.026 | 1302944.1% | 12430+4.0% | 17440+£4.0% | 30614 +4.2% | 40100+4.0%
+

Co | 271.80+0.003 gz'gg ?g;} ig'?g 403+£42% | 385+4.2% | 540+4.1% | 948+4.0% | 1242+4.0%

Ce  [137.641£0.020 165.86 79.90+0.04 442£4.1% | 421+4.0% | 591+4.1% | 1038+4.0% | 1360+4.0%

SIcr | 27.703+0.003 320.08 9.87+0.05 | 11793+4.1% | 11251 +4.0% | 15785+4.1% | 27709+4.0% | 36295 +4.1%

Sn | 115.09+0.03 53?;3 63271060187 951+4.0% | 907+£4.1% | 1273+4.0% | 2234+4.0% | 2926+4.1%

¥Sr | 64.850+0.007 514.00 98.5+0.4 958+4.1% | 914+4.0% | 1283+£4.1% | 2252+4.0% | 2950+4.1%

e 10976+29 661.66 84.99+0.20 879+4.1% | 838+4.1% | 1176+£4.0% | 2064+4.0% | 2704+4.1%

“Co | 1925.1940.29 ggig 999998'22I8.8306 1386+£4.0% | 1322+4.0% | 1855+4.0% | 3256+4.0% | 4264+4.0%
+

®Y  ]106.626+0.021 1889386'0045 gg'gg ig'gg 2135+£4.0% | 2037+4.0% | 2858+4.2% | 5017+£4.0% | 6572+4.1%

Spectrum formation —

(Standard gamma emitter)

Peak identification

<—| Adjustment Library

Background measurement

comparison

Sample measurement

Background removal

Energy calibration

FWHM? calibration

Nuclide Library

Peak identification

Efficiency calibration

Figure 4. Flow chart about gamma-ray spectrometry method.

Radioactivity calculation
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Table 3. MDA relation of **Cs and "*’Cs as variation of KCI mass

Nuclide (Bq) Bics Bics K K
Energy (keV) 604.66 | 661.66 | 1460.75 |(Theoretical
Emission yield (%)| 97.60 84.62 10.70 value)
a) 9.52 +
0 <0.0609” |<0.0741 0.70 0
10 <0.0786 | <0.101 185.40 = 166.22
3.89

KCl1 53346 +

(@ 30 <0.105 | <0.122 10.32 498.65
880.14 £

50 <0.125 | <0.142 1681 831.08
1750.20 +

100 <0.168 | <0.210 3295 1662.16

 Below value of MDA concentration

10° 3

0 g (blank)
10* 3 10g

30g

50¢g
10° 4 100 g

|
|

h

Number of counts/channel

101— e " | i
i ‘jT oy Wiy
o Wbt o L0
1000 2000 3000 4000 5000 6000 7000
Number of channel

Figure 5. Characteristic gamma spectrum as variation of KCIl mass
in 450 mL Marinelli beaker.
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Figure é. Energy-efficiency calibration curve about HPGe detector.
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standard soil

Cs activity in the
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g DI | <0127 | 2 108602
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Figure 7. Measured gamma-ray energy spectrum of the AMP pretreatment soil sample overlaid with the spectrum for direct measurement.
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Table 5. Environment radiation activity as pretreatment method of

GE - AFE

high mountain site soil

Site #. Nuclide DiIr{:iloaCthlty (icll\),lp Yé‘i:/})()ia)
U CBI) | 32.93+0.54 <0.302
Th C®TI) | 15.46+0.33 <0.172
#1 YK 474.73+£13.99 | 251£0.62 | 60.79
P1cs 91.93+224 | 55.88+1.49
Hcs <0.541 <0.176
U CUBI) | 21.41+£047 <0418
2Th ™TI) | 14.46+0.34 <0215
#2 K 362.30+11.05 | 7.97+£0.95 | 70.26
Bics 122.94+3.01 | 86.38+2.31
Bics <0.624 <0.264
Z8U MBi) | 38.29+0.75 <0.285
2Th C%TI) | 18.77+0.43 <0.150
#3 YK 566.64+17.07 | 11.50+£0.79 | 64.30
Bics 88.42+220 | 56.85+1.52
Hcs <0.839 <0.169
BUCUBI) | 21.64+0.53 <0.328
Th™TI) | 15.24+0.32 <0.180
#4 K 396.19+12.04 | 8.88+0.81 | 54.77
B 116.70+2.80 | 63.92+1.71
ics <0.629 <0310
Z8UMBi) | 43.74+0.69 <0.322
2Th ®*TI) | 15.82+0.32 <0.179
#5 YK 521.24+15.26 | 10.33+£0.79 | 63.84
Bics 139.96+3.38 | 89.35+2.38
Bics <0.537 <0.166
 AMP/Direct ratio of "*’Cs activity
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