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Chemical composition analyses of water samples.

Concentrations of Na*, NH4", K, Mg?*, Ca*",CI', NOs", and SO4>" were measured by ion
chromatography (ICS-1100, Dionex, Japan), while that of '3*Cs was measured by inductively
coupled plasma mass spectrometry (ICP-MS, Agilent 7700, Agilent, Japan) using ''°In as an
internal standard at the concentration of 1 ppb.

Cesium-134 and '3’Cs were measured using a planar-type Ge detector (GC4018/7915-
30/ULB-GC, CANBERRA) by the gamma-rays of the 604 keV and 662 keV. Details of the
method were given in Sakaguchi et al.> The spectrometer was calibrated with (1) a standard
which was prepared by the Low Level Radioactivity Laboratory of Kanazawa University using
NBL (New Brunswick Laboratory) reference material No.42-1 (4.04% U), (2) a y-ray certified
reference material (JSAC 0471) including **Cs and '*’Cs from the ASAC (the Japan Society
for Analytical Chemistry) and (3) KCI of analytical grade.

X-ray diffraction (XRD) patterns were measured with a powder X-ray diffractometer
(MultiFlex, Rigaku Co.) using CuKa radiation at 40 mA and 40 kV.

Inorganic and organic carbon contents in the water samples were measured by total carbon
analyzer (Shimadzu TOC-VWS, Kyoto, Japan), while total organic carbon in the solid samples

was measured by elemental analyzer (Vario MICRO; Elementar, Germany).

Diffusion cell method for the determination of stability constant of Cs-humate species.
Stability of Cs-humate complex was evaluated by equilibrium dialysis using diffusion
cell method.*® In this study, competition ligand employed in Van Loon et al.*! was not used,
since complexation of Cs" is weak, by which Cs can be distributed in the both cells even in the
presence of humic acid (HA). A HA sample (THA) extracted from paddy field in Tochigi
Prefecture, Japan was used in this experiment. Details and characterization of the HA sample
were given elsewhere (Takahashi et al., 1995). The complexation reaction of HA with metal

ion (M*") can be written as
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and the stability constant, fAva, can be expressed as
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where z and A are the charge of metal ion and dissociated ligand of HA, respectively.** In
general, the Ava has to consider multidentate sites other than monodentate sites. As the binding
sites in the polyelectrolyte are fixed on the framework, we assumed that a multidentate site
consisting of neighboring functional groups behaves as a unit of functional group in HA.
Therefore, [A] in Eq. (2) is combination of the concentrations of both monodentate and
multidentate sites. The apparatus consists of tracer (trc) and HA cells (Fig. S3); '*’Cs tracer
was added to the former cell, while HA was introduced into the latter cell. Based on the
inspection of UV-vis absorption, it was confirmed that HA did not flow through the membrane
filter due to the large molecular weight. Thus, we can write '3’Cs concentrations in the two

cells as

[137C5]trc = [137CS]free
[37Cs]ua = [¥7Cs]tree + [7Cs-Al.

Consequently, the stability constant (fcs4) can be written as:

ﬂCsA = [137CSA] / ([137CS]free [A])
= (["*¥"Cs]na — [*7Cs]we) / ([P7Cs]ire [A]).

Since (i) [A] at various pH was determined by pH titration and (ii) consumption of [A] by Cs
is negligible, [A] can be determined in the HA cell, which leads to the determination of fcsa.
Equilibrium of the method was attained within about three weeks. It was also confirmed that
137Cs was equally distributed to the both cells when '*’Cs was initially added to one of the cells
in the absence of HA (Fig. S4).
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Figure S1. Samphng sites in Chernobyl (left ﬁgure modified from Eric Gaba, 2006; Source:

https://commons.wikimedia.org/wiki/File:Tchernobyl radiation 1996.svg created by Eric
Gaba. This file is licensed under the Creative Commons Attribution-Share Alike 2.5 Generic
license, https://creativecommons.org/licenses/by-sa/2.5/deed.en; Some changes (indication of
“A” and change the radioactivity unit from Ci to Bq) were made to the original file) and
Fukushima (right figure; modified from MEXT, 2011; Source: Nuclear Regulation Authority
website (http://radioactivity.nsr.go.jp/ja/contents/5000/4901/24/1910 1216.pdf)). (A) The
Pripyat River around CNPP; (B) Motamiya Pond; (C) Ooyada Pond; (D) Downstream of the

Kuchibuto Rive; (E) Matsuzawakami Pond.
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Figure S2. Distributions of carbon (C), aluminum (Al), and potassium (K) and C K-edge
NEXAFS spectra of organic C in the map. (1) Back-scattered electronimage of particulate
matters collectedin Pripyat River; (i1)) STXM mapping of C, Al, and K; (ii1) C K-edge
NEXAFS spectra of Regions 1 and 2 shown in (i) and (ii).
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Figure S3. The diffusion equipment for *’Cs diffusion experiment
in carrier-free system. pH=7.0, I=0.010 mol/L NaCl solution.
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Figure S4. Diffusion of *’Cs from tracer cell to HA
cell as a function of elapsed time (pH=7.0; T=25 °C;
concentration of HA: 60 mg/L).



