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FRIUE DRI MGHHERTE (38U, 22Th, 250)

Element U-238 Series Th-232 Series U-235 Series
Neptunium
. /U-238 U-234 [ U-235
Uranium ‘4.47x109> 2.48x10° (7.04 X 10
15 A yrs N™ A
Pa-234 Pa-231
Protactinium ! 118 3.25 X 104
' min : . . = yrs
. Th-234 Th-230 [ Th-232 Th-228 Th-231 Th-227
Thorium 24.1 752 X10% 1.40X 10 L9 25.5 18,7
days yrs - yry Vel hrs days
Ac-228 Ac-227
Actinium 6.13 21.8
hrs yrs
. Ra-226 Ra-228 Ra-224 Ra-223
Radium ’ 162 X103 5.75 3.66 1.4
yrs yrs days days
Francium
Rn-222 Rn-220 Rn-219
Radon 3.82 ’ 55.6 3.96
days sec sec
Astatine
) Po-218 Po-214 Po-210 Po-216 Po-212 Po-215
Polonium 3.0 1.64 X104 138 015 1 4o, [30x107 1.78 X10°3
min sec _rdays sec 64°% _rsec sec
_ Bi-214 Bi-2107] Bi-212 Bi-211
Bismuth 19,7 5.01 ‘ 60.6 2.15
min days min min
Pb-214 Pb-210 " Pb-206 Pb-212 " Pb-208\ Pb-211 Pb-207
Lead 26,8 22,3 < stable lead > 10.6  [36% < stable lead '> 36.1 stable lead "
min yrs &otopj/ hrs (|sotow min {isotopt
T1-208”] T1-207
Thallium ' 3.05 4,17
- min min
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Mass and energy transfer in the atmosphere-soil system

Where various environmental radionuclides are present
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Why carbon dioxide is to be
monitored as well as %2?Rn in soil air?



PreV|OUS ReSUItS 1 Fujiyoshi et al., Environ. Geochem. Health 27, 539-547 (2005)

1. Soil radon (%%°Rn) was measured temporally with a
scintillation Lucas cell in semi-natural woods on the
campus of Hokkaido University, Japan. Its level was
generally low in Sapporo where the surface geology is
Quaternary deposit of alluvial sediments from the
nearby rivers(Kotoni and Hassamu).

2. Changing air-filled porosity accompanied with
meteorological phenomena may affects soil radon
level and its variability.

3. Sudden increase in ?%2Rn concentration was observed,
which appeared coincidentally with a big earthquake
(M.8) occurred on Sep. 26, 2003 off the Coast of Hidaka
iIn Hokkaido.




PI’eVIOUS resu ItS 2 Fujiyoshi, Vaupotic & Kobal, Sci. Total Environ. 370, 224-234(2006)

1. Continuous ??°Rn monitoring in soil air with a Barasol
Probe (Algade, France) from Nov. 2004 to Mar. 2005
and from Sep.2005 to Mar.2006 in the same site
Investigated in the previous study.

2. Soll humidity and barometric pressure just above
the ground surface were measured continuously.

3. Considering factors affecting variability of soil radon
level, especially meteorological ones: Temperature
was a dominant parameter under high atmospheric
pressure during three seasons except in winter.

4. Soil radon level had been kept low at constant
temperature (0°C) under thick snow cover (1m) in
winter. There appeared ?%?Rn peaks sporadically
which may be accompanied by changing pressure in
soil air at a depth of 30 cm.




What’s going on such a sudden increase in 2%2Rn
concentration in soll air
under a thick show cover in winter?

gt

Trying to find source place(s) of 222Rn in soll air

U

together with another “natural tracer”, if any

U

Focusing on CO, and its carbon isotopes (**C, 13C,

14C)



Carbon dioxide iIs much more complicated in
behavior for tracing solil air due to various
factors including biological activity!

In spite of that, CO, is still iImportant to trace
because of its abllity as a carrier gas of radon

Carbon isotopes (1°C, 13C, 14C) of CO, could be
used to estimate its source(s), especially in
winter when most biological activity decreases
compared with that in summer.

AND some more information on 222Rn, too0??



Outlines of this study

Continuous monitoring of 222Rn and CO, in soll
air in the semi-natural deciduous woods

Carbon isotope (1°C, 13C, 14C) analyses of soil
gas CO,

Monitoring of soil properties (humidity, density,
organic content)

[——— |
| e— |

U

Origin of Soil Air Components Using 222Rn
and CO, (12C, 13C, 14C) as Natural Tracers




Location map of the site on the campus of
Hokkaido University, Sapporo, Japan

Climate: Annual mean temperature, 6-9°C; Annual mean

precipitation, 800-1600 mm

Geology: Alluvial sediment from Toyohira and Hassamu rivers

Stand: cool temperate mixed deciduous stand
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Seasonal view of the site on the campus of

Hokkaido University
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Methods

Soil sampling and preliminary task
= Point setting and drilling holes (30, and 100 cm in depth)
= Collecting soil samples from the surface to a depth of 50 cm

- Determining dry density, moisture and organic contents

Experimental
- Elemental analyses of the soil using an X-ray fluorescence
spectrometer (JSX-3220, JEOL)
- Gamma spectrometry with HPGe detectors (EG&G Ortec,USA)
Nuclides of interest : 40K, %?26Ra, 137Cs, %10Pb
- Determination of dissolved ions (K*, Na*, Cl- etc.) in soill
solution using ion selective electrodes

- Sorption experiments with radiotracers (°>*Mn, 6°Zn, 219PDb)




Continuous monitoring of 222Rn activity
concentration in solil air at a depth of 80cm

Probe: Barasol (Algade, France)

Detector: Solid silicon detector (Depleted
depth, 100 ym; Useful area,
450 mm?; BG, < 7x10“*cpm)

Measurement time interval: 60 min.

Interval of data collection: 1-4 months

Passive technique



Continuous monitoring of CO, (humidity
and temperature) in soil air at 30 and
100 cm In depth

Probe: IAQ probe (TESTO-435, TESTO, Germany)
Detection: Non-dispersive IR absorption
Measurable concentration range: 0 t010,000 ppm
Resolution: 1 ppm

Measurement time interval: 10 min

Interval of data collection: 24 hrs

Passive technique



Carbon isotopic analysis of CO, In solil air by AMS

1. Soil air sampling

PC Aluminum bag

4 v Pump(Flow meter)

MgSO, tube Drilling hole

Drilling hole: 2.2 cm in diameter, 30 &100 cm in depth

Collecting air samples: Active technique with a
pump(MPX100H, Shibata, Japan)

Volume (flow rate): Atmosphere; 30 € (0.5 €/min) §1oocm
Soil air; 3 € (0.1 €/min)




Carbon isotopic analysis of CO, in soil air by AMS

2. Pretreatment of the samples(dehydration, purification)

Greaseless Cock

|:I +«—Mano Meter

|

Pirani
Gauge
-

|
7
‘ L4
CO,Trap

Cold Trap

LT

Rotary Pump



Carbon isotopic analysis of CO, in soil air by AMS

3. Pretreatment of the samples(Reduction to graphite)

Greaseless Cock

CO, Sample

H,OTrap

Reaction Tube + Fe

//
CH1 i CH2 é
:
[\
®
Cold Trap

Rotary Pump




Accelerator mass spectrometer (AMS) installed at
Mutsu Office, Japan Atomic Energy Agency
(JAEA), Japan

View of the detection system



Carbon isotopic ratio (613C, A14QC)

The amount of carbon isotopes (13C and 14C) in geochemical samples
IS represented by isotopic ratio as follows:

§13C(%o0) = (Ry/R — 1) x1000
A14C (%o) = (Ry/Ry — 1) x1000

Ry: isotopic ratio of a sample (133C/ 12C or 14C/ 12C)

Rsi: Isotopic ratio of a standard

Standard materials: 13C (belemnite carbonate from the Pee Dee
formation, South Carolina, USA), 14C (Oxalic acid distributed by
National Institute of Standards and Technology, NIST)



Result 1(222Rn)

Time series plots of 222pn activity
concentration and temperature in soil air at
a depth of 80 cm from Oct. 8 2007 to July 5

2008
10000 1] 15
+~ 8000 Snow cover %
e% 6000 II l“ m \ 10 :
§é 4000 hm 1 . %
2000 a
Date

e Heavy snow

— —— Rn222 — Temp/C




Time series plots of 22°Rn activity concentration and
barometric pressure in soil at a depth of 80 cm during
lingering snow in winter
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Increase in 222Rn activity concentration with decreasing
pressure in soil at a depth of 80 cm
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Change in 222Rn activity concentration with barometric
pressure in the atmosphere and in soil at a depth of 80 cm
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Comparing sets of 222Rn data obtained in winter
at different depths (30 and 80 cm)

1. Activity concentration of %2?Rn in soil air was
consistently low (1000~1500 Bg m-3) at a depth of 30
cm where the temperature had been kept constant
about 0 °C. The values were 4000~5000 Bg m-3 at a
depth of 80 cm with mean temperature of 3 °C.

2. Soil radon level was varied correspondingly with
changing barometric pressure due to low pressure
region passing through the site several times in
whole winter in 2007-2008 (at a depth of 80 cm).

3. Sudden increase in %?°Rn activity concentration
observed in 2004 did not appear this time, whereas
222Rn level decreased and then was recovered
slowly depending on unusual weather conditions.



Result 2 (CO,)

Time series plots of CO, concentration and temperature in
soil air at a depth of 100 cm from Jan. to May in 2008

20000 5 29

Snow cover
I [

j 120
15000 J‘i I
} | T

€ | o
2 T
£ 10000 I R' il 0 =
O _
O \ | s
5000 o
AU °
0 | !'! | _g
19/01/08 10/02 08 3/03/08 14/04/08 6/05/08

Date



Daily patterns of CO, (ppm) and temperature in
soil air at a depth of 100 cm in May 2008
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Time series plots of CO, concentration and temperature
In soil air at a depth of 100 cm from Apr.16 to July 3 2008
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. Temperature (C)

Behavior of 222Rn and CO, in soll air under
thick snow cover (60~100 cm) in winter (1)
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Behavior of 222Rn and CO, in soil air at a depth of 100 cm
under thick snow cover (50~80 cm) in winter (2)
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Distribution of 13C (613C) and 14C (A“C) isotopes
of atmospheric and soil CO, in the woods
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Change in carbon isotopic ratio (6%3C and A“C) of CO, in
bulk (left) and acid-treated (right) soil with depth
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Seasonal variation of soil organic matter with depth

Soil organic matter (%)
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Estimating origin of CO,, in soll air
CO, in soil air = Atmospheric air + New SOM + Old SOM+ Mineral

513C0b5 = a513Cair T b513CnewSOM T C513C0|dSOM T d513C

mineral

A14Cobs = aAl4Cair T bA14CnewSOM T CAMCoIdSOM T dAMC

mineral

a+b+c+d=1

b/lc=« §13C Al4C
Atmospheric air -8.5 110
Soil organic matter
young =27 70
old -25  -160

Deep source CO, -2 -1000




Origin of CO, in soil air | &
Old SOM
B Mineral
1
n 0.8 |-
Q
2 New SOM
3
) Air
O 0.6 |-
=
S
E) 04 |
§ XXX 0 d<S<OM> 298
= I RSESIE
2| Mineral |
0

Forest air (Air 1, 2, 3 and 4) and soil air collected at 30 cm
(30-1and 2) and 100 cm (100-1, 2, 3, 4 and 5) in depth

Airl Air2 Air3 Air4 30-1 30-2 100-1100-2100-3100-4100-5

Sample
Forest Air

Air 1

Air 2

Air 3

Air 4

Soll air
30-1(30 cm)

Date

Feb.22pm 07
Sep. 6am 07
Sep.6pm 07
Mar.7am 08

Feb.22pm 07

30-2 (30 cm) Sep.6pm 07

100-1(100cm) Feb.20pm 07
100-2(100cm) Sep.6am 07
100-3(100cm) Sep. 6pm 07
100-4(100cm) Mar.7am 08
100-5(100cm) Mar.7pm 08




Summary

Radon (*%?Rn) and CO, monitoring (and its
carbon isotopic analyses) in soil air in the
woods on the campus of Hokkaido University

- Daily and seasonal changes in 2?°Rn and CO,
concentrations were observed.

- Meteorological parameters influence both
gaseous components in soil air even under
thick snow cover in winter.

- Carbon isotopic analyses (613C, A“C) are
applicable for estimating origin of CO, in soll
air, especially in winter.
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