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In natural surface waters, transuranides occur in var-
ious physicochemical species. They can be associated,
ranging from simple ions and molecules to hydrolyzed
species, colloids, and pseudocolloids and organic and
inorganic species [1]. Depending on their species, trans-
uranides can either migrate over considerable distances
or be sorbed by components of the ecosystem directly
near the discharge locality. The overall concentration of
dissolved transuranides in surface water bodies is very
low (107 to 10! mol/L), that is, within the detection
limits of the most sensitive spectral methods, such as
mass spectrometry [2]. Therefore, hybrid determination
techniques, which combine preconcentration and sepa-
ration of transuranides with various detection methods,
such as alpha- and gamma-ray spectrometry [3, 4], are
more frequently used for the adequate determination of
transuranides in water systems.

Currently, several types of transuranide preconcen-
tration processes are used. Some processes are based on
the sedimentation of insoluble compounds on the sur-
face of colloid particles, such as iron(l1I) oxide hydrox-
ide and manganese(IV) oxide [5-7]. Other processes
are based on the separation of transuranides from a
complex solution using their selective complexation
with ligands of a certain type dissolved in organic sol-
vents (e.g., tributyl phosphate) [8]. Radionuclide pre-
concentration processes are also known on the basis of
cosedimentation with sparingly soluble finely disperse
compounds (oxalates, sulfates, and others) [9] and
sorption on sorbents impregnated with complexing
agents [10]. To date, the concentration of large volumes
(up to 1 m?) of water to a dry residue has been the most
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widely used process [11]. All the aforementioned pro-
cesses have both advantages and disadvantages.

In Yenisei River waters sampled in the region where
the Rosatom Mining and Chemical Combine (MCC)
discharges its wastewater, the following radionuclide
levels were obtained: 0.015 mBg/L for 2%2"Pu [12]
and 0.016 Bg/L for 2*' Am [13]. These transuranide lev-
els were determined after preconcentration (water sam-
ples were concentrated to dry salts) and radiochemical
separation on an o-spectrometer. There are also some
separate 2’Np determinations in MCC discharge
waters: 143 Bg/L [13]. Any other data on transuranide
levels in Yenisei River waters have not been reported.

This work uses a new process for preconcentrating
transuranides in Yenisei River water samples.

The object used was water sampled from the Yenisei
River in the zone of influence of the MCC in the period
of September and October 2007 and during March,
July, and September 2007. Samples were collected in
the region of the village of Atamanovo at distances of
0.3 and S km from the radioactive water discharge site.
Volumes of water samples were up to 30 L. Each sam-
ple was divided into two parts. One part, 1 L in volume,
was measured on a Marinelli gamma-ray spectrometer
in a standard geometry without sample preparation.
The other part was concentrated.

Two versions of transuranide preconcentration were
used. One version was the consecutive sedimentation of
transuranides and other induced radionuclides from one
water sample first on iron(I1I) oxide hydroxide particu-
lates [7] and then on manganese(I1V) oxide particulates
[7]. The other version was the direct preparation of a
suspension consisting of iron(I1I) oxide hydroxide and
manganese(IV) oxide particulates in a water sample. In
this case, solutions containing manganese(VII) and
manganese(I) were introducted into the mixture after
an iron(111) solution was introduced into a water sample
with pH 3 and equilibrium was acquired between the
introducted radionuclides and those contained in the
sample but before sedimentation.
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Table 1. Determination of 2?Np and other induced radionu-
clides using consecutive and simultaneous sedimentation of
iron(I1) oxide hydroxide and manganese(IV) oxide particu-
lates

Radionuclide level
Radionuclide Tiitia) water Sedimentation in 30 L, Bq
samples, Ba/L| ,ncecutive | simultaneous
468c = 0.11+002 | 0.14+0.02
Sice = 26+02 27+02
5Co = = 0.07 £0.02
%Co - 0.14+0.02 | 0.08+0.01
557Zn = 0.10+0.03 | 0.06+0.02
T6As 0.14+006 | 3.1+03 34403
106Ru - 03+0.1 03+0.1
13y — 0.04+001 | 0.03£0.02
SiEs 0.12+0.06 | 0.07+0.02 | 0.04+0.02
2Np 031+004 | 8.1+02 8.5+03

After the salt solutions were added to the water sam-
ple, its pH was brought to 9-10 and the mixture was
allowed to stand for ripening of the precipitate, which
consisted of iron(Ill) oxide hydroxide and manga-
nese(IV) oxide colloid particulates. In both cases,
241 Am and 2*2Pu were added in order to determine the
completion of transuranide sedimentation. As-collected
water samples and concentrates were measured on a
Canberra gamma-ray spectrometer (United States)
equipped with an ultrapure germanium detector
(HPGe). The Canberra GENIE PC software was used
for data processing. The >*' Am chemical yield reached
95%. In some concentrates, plutonium isotopes were
determined. Plutonium isotope detennunhons were
carried out at the Continental y Depart-
ment of the Institute of Plant and Animal Ecology Rus-
sian Academy of Sciences, Yekaterinburg. Plutonium
isotopes were separated from the water concentrates
radiochemically and measured by alpha-ray spectrom-

etry. The 2*?Pu chemical yield reached 67%. Table 1
lists the levels of ’Np and other induced radionuclides
in the Yenisei River water samples prepared by the two
versions of preconcentration.

Both versions lead to determination of high levels of
induced radionuclides in comparison to the initial sam-
ple. The radionuclide levels determined in the concen-
trates in the two versions are almost identical.

Analyzing our data on the concentrations of induced
radionuclides in Yenisei water samples, we convention-
ally classified these radionuclides into two groups. One
group included radioisotopes that changed their oxida-
tion states (such as 75As). The other included radioiso-
topes with invariable oxidation states. The latter can
also be conventionally divided into three subgroups:
(1) radionuclides forming insoluble hydroxides on the
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surface of particulates (such as *Fe, 3'Cr, and *°Sc),
(2) radionuclides that are concentrated by cosedimenta-
tion in particulates (exemplified by '*’Cs), and (3) radio-
nuclides whose sedimentation in the concentrate is due
to the occlusion of some of the solution by particulates
(exemplified by *Na).

This division of radionuclides can be used for
choosing sorbents providing a high efficiency of radio-
isotope separation from solutions for further study.

Analyzing the relevant literature and our results, we
assumed the following. Transuranides can be precon-
centrated both by changing their oxidation state with a
transition to a less soluble physicochemical species (for
example, plutonium(V) reduction to plutonium(IV) on
the surface of MnO, with subsequent slow oxidation to
plutonium(VI) [5]) and by generating poorly soluble
compounds without changing their oxidation state (for
example, the generation of hydrolyzed neptunium(V)
species on the surface of iron(1II) oxide hydroxide [5]).
Then, the use of a process that combines the two types
of transuranide cosedimentation (with changing oxida-
tion states and generating sparingly soluble com-
pounds) offers a means for efficient separation of the
target trace radionuclides contained in solute species.

For ™ Np, we found a linear correlation between the
radionuclide level and the water sample size. For exam-
ple, when a 1-L water sample was analyzed, the ’Np
level was 0.31 = 0.04 Bg/L; preconcentration from a
20-L sample resulted in 5.4 + 0.4 Bq of ’Np, which
corresponded to a level of 0.27 £ 0.03 Bg/L. From a
30-L water sample, preconcentration gave 8.1 £0.2 Bq,
which also corresponds to 0.27 +0.03 Bg/L. It follows
from our data that the new process for preconcentrating
transuranides, in particular, Z°Np, in Yenisei River
water samples gives adequate results satisfying the
requirements for radioecological investigations.

Further, we used the simultaneous sedimentation of
iron(Ill) oxide hydroxide and manganese(IV) oxide
colloid particulates to determine transuranides.

Table 2 lists the levels of °Np and plutonium iso-
topes in Yenisei River water samples. These levels show
that the transuranide preconcentration process enables
reliable determination of plutonium isotopes in water
samples 10-30 L in size. Earlier measurements of
239.240py levels in Yenisei River waters sampled at 0.3
and 5 km from the MCC discharge site were 0.015 and
0.012 mBg/L, respectively [12]. We obtained higher
239.240py Jevels for these sampling stations: 2.34 and
0.26 mBg/L, respectively. On the other hand, our value
of the maximal >’Np level in water (~12.5 Bq/L) is
considerably lower than the value of 143 Bg/L reported
in [13]. This discrepancy arises from the fact that the
water samples studied in [13] were collected from the
discharge channel, whereas, in our work, water was
sampled from the Yenisei River itself.

From the Z°Np levels in Table 2 and previous 2°Np
determinations in samples of aquatic plants from the
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Table 2. 2°Np and plutonium isotopes in Yenisei River water samples collected from the river at various distances from the

MCC discharge site
Np, Bg/L | 28py, mBy/L [ P mBqL
Sampling date distance from the radioactive water discharge site, km

03 > 03 5 03 - 3
September 2006 - 0.27+0.04 0.17 0.13 2.34 0.26
October 2006 - 0.28 £0.08 - -
March 2007 3.25+0.07 - - -
July 2007 12406 0.29+0.09 - =
September 2007 33101 0.28 £0.08 - -
Yenisei River [14] collected at various distances down- 4. Livingston, H.D. and Cochran, J K., Radioanal. Nucl.
stream from the discharge site, we infer that 2*Np has Chem., 1987, vol. 115, pp. 299-308.
a high migration ability. The Z’Np concentration can 5. Khasanova, A.B., Shcherbina, N.S., Kalmykov, S.N.,

decrease downstream both due to dilution by Yenisei
waters without changing physicochemical speciation in
the environment and due to sedimentation in poorly sol-
uble compounds on the surface of plants. Although the
plutonium isotope levels in water near the discharge
site are lower than the Z°Np level, plutonium isotopes
were also detected in plants at distances up to 200 km
downstream from the discharge site [14]. This signifies
that plutonium isotopes can travel considerable dis-
tances from the discharge site either in the particulate
form or in the dissolved form with subsequent sedimen-
tation on plants.

In summary, the new process for the preconcentra-
tion of transuranides from Yenisei waters based on the
simultaneous formation of iron(Ill) oxide hydroxide
and manganese(IV) oxide colloid particulates directly
in assay samples efficiently separates a number of trace
transuranides (Z°Np, 2**Pu, *Pu, and >*°Pu) that occur
as solute species. ’
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