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The interaction of U(VI) (hexavalent uranium) species with natural organic matter (NOM) in KURT (KAERI Underground
Research Tunnel) groundwater is investigated using a laser spectroscopic technique. The luminescence spectra of the NOM
are observed in the ultraviolet and blue wavelength regions by irradiating a laser beam at 266 nm in groundwater. The lumi-
nescence spectra of U(VI) species in groundwater containing uranium concentrations of 0.034-0.788 mg-L!' are measured
in the green-colored wavelength region. The luminescence characteristics (peak wavelengths and lifetime) of U(VI) in
the groundwater agree well with those of Ca,UO,(CO;),(aq) in a standard solution prepared in a laboratory. The lumines-
cence intensities of U(VI) in the groundwater are weaker than those of Ca,UO,(CO5);(aq) in the standard solution at the
same uranium concentrations. The luminescence intensities of Ca,UO,(CO;);(aq) in the standard solution mixed with the
groundwater are also weaker than those of Ca,UO,(CO;);(aq) in the standard solution at the same uranium concentrations.
These results can be ascribed to calcium-U(VI)-carbonate species interacting with NOM and forming non-radiative U(VI)

complexes in groundwater.
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Table 1. Physicochemical parameters and concentrations of major components of KURT groundwater samples [35]

sl 2 S3 S4 S5 S6
Depth (m) 41.7-59.7 91.7-114.7 115.7-198.7 199.7-228.7 229.7-245.7 246.7-299.7
pH 8.4 8.8 8.5 8.3 8.3 8.5
Eh (mV) 495 511 11 108 69 11
DOC* (mg'L") 0.386 0.360 0.521 1.130 1743 0.384
Na* (mg-L") 1.5 14.1 16.9 17.1 209 26.3
Ca* (mg'L") 19.7 14.5 14.5 6.2 15.0 1.7
HCO; (mg'L") 79.1 535 70.3 49.6 86.9 79.5
U (mg'L") 0.034 0.788 0.151 0 0.005 0.002

“DOC was analyzed by LC-OCD (Liquid Chromatography-Organic Carbon Detector, DOC-Labor Dr. Huber, Germany) method
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Fig. 1. Experimental setup for TRLFS.

Table 2. Standard solutions of Ca,UO,(COs);(aq)

U stock solution (pH 8.83)

Background solution (pH 8.62)

Standard solutions containing Ca,UO,(CO;);(aq)

[U]=20 mg-L"
[Ca*]=50 mg-L!
[NaHCO,] = 1 mM

[Ca*]=50 mg'L"!

[NaHCO,] = I mM

[U]=0.2,04,0.6,0.8,1.0,2.0 mg-L"
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Fig. 2. (a) Absorption spectra of KURT groundwater samples listed in Table 1. (b) Absorbance of sample S5 decreased with the irradiation of laser
beam at 266 nm owing to the photochemical effect of natural organic matters in groundwater.
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Fig. 3. (a) Photographs of luminescence of groundwater S5 and U(VI) standard solution (uranium 240 mg-L"', pH 1). (b) Luminescence spectra of
groundwater samples listed in Table 1. ROI (region of interest) means the wavelength region where the luminescence spectrum of U(VI) appears.
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Fig. 4. (a) Luminescence spectra of groundwater samples S4 and S5 measured by using the synchronous scan technique. The peak in S4 designated as
the asterisk means that the natural organic matters in S4 are different from those in S5. (b) Natural organic matters in groundwater show very sensitive
photochemical reactions. The new luminescence peak appears as a result of the photochemical reactions.

10k gate delay time d=20 ns
,.},.,“mﬂ ‘“&a e
8 | 4 4,
ya
(0 1m)J) M
6 -

Luminescence Intensity (a.u.)

450 500 550 600
Wavelength (nm)

(a)

gate delay time d=36 ns

Luminescence Intensity (a.u.)

450 500 550 600
Wavelength (nm)

(b)

Fig. 5. Luminescence spectra measured at 23°C and the laser pulse energy of 2.3 mJ for S1 and 0.1 mJ for S5. TRLFS were performed at the gate delay
time of 20 ns and 36 ns for Fig. 5(a) and (b), respectively, with the same gate width of 200 ns. Luminescence peaks of U(VI) species indicated by the
arrows appear more distinctively in Fig. (b).
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Table 3. Peak wavelengths and lifetimes of U(VI) species in groundwater S2 and standard solutions

Wavelength (nm)

Lifetime (ns)

KURT groundwater

466.8-485.2-504.5-525.4-547.3
466.2-484.5-504.6-525.6-548.8"

37.5 at23°C*
123.6 £8.8 at 1°C*

466.7-485.1-504.5-525.4-549.5
466.2-484.5-504.6-525.6-548.8"
465-484-504-524°
466-485-505-527-551¢

Ca,U0,(CO;);(aq) in standard solutions

424+ 2.8 at 23°C*
139.7+ 8.2 at 1°C*
43 + 12 at room temperature®
29.2 + 0.4 at room temperature?

CalUO,(CO,),> 466-485-505-527-550¢ 12.7 £ 0.2 at room temperature*
468.0-486.3-505.7-527.0-550.7¢ 6-12 at room temperature®
UO,(CO;,),* 466-485-505-526-549¢ 11.6 £ 0.1 at room temperature?
467.6-485.4-505.7-526.7-551.0¢ 8.9 + 0.8 at room temperature®
U0,> 488.5-509.8-533.6-559.9"

“Data obtained from the present work
"Reference [31]
‘Reference [32]
dReference [33]
‘Reference [34]

Peak wavelengths of UO,** were used for the wavelength calibration of spectrograph.
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Fig. 6. (a) Solid and dotted lines represent the normalized luminescence spectra of the S2 sample and the standard solution ([U] =
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Fig. 7. (a) Solid and dotted lines represent the normalized luminescence spectra of the S2 sample and the standard solution ([U] =
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Fig. 8. Circle and asterisk symbols represent the normalized luminescence signal intensity in the Napierian logarithm unit measured from the standard

solution ([U] =

0.8 mg-L") and S2, respectively. The dotted lines represent the fitting data calculated to the linear regression. The luminescence life-

times measured at 1°C (b) are longer than those measured at 23°C (a).
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Fig. 9. (a) Luminescence spectra of the standard solution (([U] = 2.0 mg-L") and the mixed solution (standard solution mixed with the groundwater S5)
measured at the gate delay time of 220 ns. Both solutions contain the same uranium concentration of 2.0 mg-L". The spectra were measured at 1°C. (b)
Luminescence intensity changes as a function of U(VI) concentration. The difference in luminescence intensities between two solutions suggests the
interaction of U(VI) species with the natural organic matters in groundwater.
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Fig. 10. (a) Luminescence spectra of the groundwater S4 without (solid line) and with photochemical reaction (dotted line) measured at the gate delay
time of 100 ns. (b) Luminescence spectra of the mixed solutions (standard solution mixed with the groundwater S4) without and with photochemical
reaction measured at the gate delay time of 220 ns. Both solutions contain the same uranium concentration of 2.0 mg-L"'. The difference in lumines-
cence intensities between two solutions suggests the interaction of U(VI) with the natural organic matters in groundwater. The inset shows the results

measured from the mixed solution using groundwater S5. All spectra were measured at 1°C.
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