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Aerial Measuring Results
Joint US / Japan Survey Data
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Heavy Metals in the Environment

B
:

Storage and Migration of Fallout Strontium-90 and Cesium-137 for
Over 40 Years in the Surface Soil of Nagasaki

Yasunori Mahara*

« The vertical migration of °°Sr and 13Cs produced by the explosion of the atomic
bomb in 1945 was investigated in an unsaturated soil layer in the of Nagasaki.

« The in situ Kd values were calculated to be 300 and 1200 L/kg, respectively.
» These are probably the only results that exist for the interaction between soil and
137Cs and °°Sr over 40 yr.

Y. Mahara. Storage and Migration of Fallout Sr-90 and Cesium-137 for Over 40 Years
In the Surface Soil of Nagasaki. J. Env. Qual. 22 (4):722-730, 1993.
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Organic matter *5
(dead leaf etc.)

Bacteria *6
& other organisms*7

[Plants Fungi etc. *8 ]
(vegetables,crops, mushroom,,,,)

J. Akai, N. Nomura, S. Matsushita, H. Kudo, H. Fukuhara, S. Matsuoka, and J.
Matsumoto. Mineralogical and geomicrobial examination of soil contamination by

radioactive Cs due to 2011 Fukushima Daiichi Nuclear Power Plant accident. Physics
and Chemistry of the Earth 58-60:57-67, 2013.




Radioactive-Cs is replaced with K and
fixed to the clay particles

‘the hole in the clay surface!

| o 2 nim

} ( adiocesium nterception otential)
ey (Cremers et al., 1988 in Nature)

LT TN (
by Prof. C.T Johnston @Purdue Univ.




Group# 1 2 - 4 5 e 7 8 5 10 11 12 13 14 15 1& 17 18
Feriod

N B
: e 137CS+ =
: I Charge = +1

 [% = Large ionic radius

_ fa = Low Enthalpy of hydration
e FSmaII hydrated radius




Molecular Approaches to study Cs-clay
Interactions related'to Fukushima (partial)

« SEM, TEM and related methods (T. Kogure™)
« Autoradiography (J. Akai et al)

« Positronium Lifetime Spectroscopy (K. Sato)
« NMR (K. Sato et al)

« Sorption / Desorption

 Far IR



In Situ ATR-FTIR study of cation
exchange reactions on smedctite

 ATR FTIR sensitive to changes in
Interfacial/interlayer water

« Water molecules closely linked/organized
by the exchangeable cations present

* Up until recently most of our work focused
on Li, Na, K, Mg and Ca. What happens
with clays are exchange with Cs?
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FTIR Study of Mg — Na exchange

The white spectrum is the —ubtractively ' 'ormalized 'nterfacial FTIR (FTIR)
spectrum of Mg-Wy2 ratioed against the Na-SWy2 spectrum (Mg-SWy2,., 2)

C=B-
Mg-SWy-2 — Na-SWy-2
Spectral changes resulting

from the exchange of

Mg** for Na*

Absorbance

B: clay + 0.1 M MgCl,
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Mg — Na exchange

Comparison: FTIR Mg-SWy2,, s> spectrum (white) to the ATR-FTIR spectrum of
bulk water (yellow)

Red shift »(OH) Blue shift 6(HOH)

Overall, positive bands
indicate an overall increase
in water content at the
clay-water interface

Absorbance

When Mg?* exchanges for Na*, the overall water content is increased (as shown
by the positive absorbance bands) because the enthalpy of hydration of Mg?*

Is significantly larger than that of Na*. In addition, the ‘type’ of water sorbed is more
strongly hydrogen bonded than bulk water as shown by the red-shift of the »(OH)
band, and the blue-shift of the 6(HOH) band
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Summary

 ATR-FTIR sensitive to detect changes of interfacial
water. Reproducible changes for two references clays
and four soll clays

« Changes consistent with hydration enthalpies of cations

« This method provides a direct method to study the
Interaction of Cs with siloxane ditrigonal cavity and the
Interlayer fixation that occurs.

« Potential for Hofman-Klemen fixation with heating?

 Incredibly complex, difficult problem. At the same time,
however, Japan has consistently been a leader in the
clay / soll science frontiers with significant intellectual
resources.
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