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3-6 Discovery of Uranium Migration in Groundwater with Silica Colloid
— Devisal of an Effective Method for Elucidating the Chemical Forms of Trace Actinides

in Environmental Water —
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Fig.3-12 SEC-UV-Vis-ICP-MS analysis

Sample components are separated by their size as
they pass through a column of eluent. The eluent was
introduced on-line to an ultraviolet-visible (UV-Vis)
spectrometer and then to an inductively coupled plasma
mass spectrometer (ICP-MS) to analyze its components.
The conventional method analyzes colloids only, using
a single column. This study used two columns with
opposite charges to analyze both the colloid and the
ions by directly injecting environmental water into the
columns. The results obtained by the two columns were
compared.

It is thought that actinides do not migrate in environmental
water (EW) in ionic form, but rather, migrate together with
colloids by being adsorbed onto them. However, this theory
has not yet been experimentally confirmed because there
have not been any methods for effectively investigating
trace actinides in EW and thereby determining what colloids
transport them and whether actinide ions can migrate by
themselves.

The SEC-UV-Vis-ICP-MS method has been used to
analyze colloids in EW. This method separates colloids by
their sizes and detects trace elements in them (Fig.3-12). In
the conventional method, relatively large colloids in EW are
collected in advance, and are then injected into a separation
column for analysis. This method has the disadvantage of
being incapable of analyzing ions and small colloids. To solve
these problems, we took note of the charge of the separation
columns. By injecting EW as it is into a separation column,
actinides in all states are detected. Since colloids and ions are
separated by sizes and charges, respectively, it is predicted
that colloids and ions can be distinguished by comparing the
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Fig.3-13 SEC-UV-Vis-ICP-MS analysis of Horonobe groundwater
(b), (d) Ultraviolet absorption. (a), (c) 2°8U. The sizes of components
can be estimated based on the retention times of colloids with
known sizes. Larger colloids are eluted faster. For a colloid, the sizes
estimated by two columns with opposite column charges are similar.
For an ion, very different sizes are estimated, because the retention
times differ greatly between the two columns, due to the interaction
between the ion and the charge of the column (b, d).

two results obtained by columns with opposite charges.

We analyzed trace uranium (U) in the groundwater collected
at Horonobe, Hokkaido (Fig.3-13). A single peak of U was
detected by each column. The sizes of the uranium-bearing
substances, estimated from the times when the peaks appeared,
were very similar to each other. This result shows that U was
present as a colloid.

Trace U does not form an intrinsic (true) colloid. All
the silica contained abundantly in the groundwater was
eluted with U. This result revealed that U was present as
a pseudocolloid, which comprised U adsorbed onto silica
colloid. To our knowledge, we are the first to have discovered
this type of pseudocolloid of U. The results also revealed that
this groundwater did not contain U ions, because no other U
peaks were detected.

This study devised a powerful analytical method for
elucidating the forms of trace actinides in EW. This method
is broadly applicable to various water samples, including
experimental samples, and future application in various
research fields is expected.
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