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To investigate the organic compounds responbsible for 

the immobilization and binding of bomb-derived plutonium 
(Pu)-239,240 in Nagasaki soil environments, soil samples 
containing the highest abundance of 239,240Pu (230-266 Bq/kg) 
and relatively higher organic matter concentration (1.97%-
2.30% for TOC, 0.31%-0.35% for TN) in one Nagasaki soil 
core were sequentially extracted into two organic fractions, 
including NaOH-extractable and Fe,Mn-oxide-bound (sodium 
dithionite, pH=8/NaOH extract) organic matter (> 3 kDa), 
followed by the quantification of 239,240Pu activity 
concentration in each fraction. We found that 239,240Pu was 
predominantly enriched in Fe,Mn-oxide-occluded organic 
matter fraction, accounting for 55±3% on average of the total 
soil 239,240Pu. In comparison, NaOH-extractable organic matter 
bound 31±1% of total soil 239,240Pu. Purified NaOH-
extractable and Fe,Mn-oxide occluded organic matter were 
both further characterized by ultrahigh resolution 
ElectroSpray Ionization Fourier-transform Ion Cyclotron 
Resonance Mass Spectrometry (ESI-FTICR-MS) to examine 
organic moieties responsible for binding 239,240Pu in Nagasaki 
soils. Additionally, macromolecules which bind the majority 
of 239,240Pu in each organic fraction were further separated 
through an isoelectric focusing (IEF), followed by 
characterization of  ESI-FTICR-MS and comparison with 
bulk organic matter fractions. The present study provides 
molecular-level evidence for the important role of selected 
organic compounds in 239,240Pu immobilization/remobilization 
in Nagasaki soil environments.   

 


