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One of the most toxic byproducts of nuclear power and weapons production are the 11

transuranics, which have a high radiotoxicity and long biological half-life due to their 12

tendency to accumulate in the skeletal system. This accumulation is inhomogeneous and has 13

been associated with the chemical properties and structure of the bone material rather than 14

its location or function. This suggests a chemical driving force to incorporation and requires 15

an atomic scale mechanistic understanding of the incorporation process. Here we propose a 16

new incorporation mechanism for trivalent actinides and lanthanides into synthetic and 17

biologically produced hydroxyapatite. TRLFS and EXAFS have been used to prove that 18

trivalent actinides and lanthanides incorporate into the amorphous grain boundaries of 19

apatite. This incorporation site can be used to explain patterns in uptake and distribution of 20

radionuclides in the mammalian skeletal system.21

22

INTRODUCTION23

One of the most toxic byproducts of nuclear power and weapons production are the transuranics24

due to their long biological half-life and high radiotoxicity. For instance, Pu, Am and Cm have been 25

identified as more carcinogenic than Ra at similar activities due to the inhomogeneous nature of 26



their distribution in the skeletal system1,2,3. As much as 70% of these radionuclides are deposited 27

into the bone material leading to long biological half lives4,5. This inhomogeneous distribution has 28

been shown to be dependent on the chemical properties and structure of the bone and not its 29

location or function2,4. This would suggest that incorporation and retention of radionuclides within 30

biological hard tissue, consisting mostly of hydroxyapatite, is dependent on the chemical 31

incorporation mechanism independent of biological function. The chemical form and solubility of 32

the transuranics such as Pu, Am and Cm has been shown to have considerable influence on uptake 33

in the skeletal system6,7. This has lead to the investigation of different treatments, such as DTPA, to 34

limit the retention of these radionuclides8. These treatments while limiting uptake in the liver have 35

little effect on the uptake by the skeletal system, despite evidence that long term deposition into 36

hard tissue can take days8,9.37

There is, therefore, a need to develop an atomic scale mechanistic understanding of the 38

incorporation process at the solid-solution interface so that treatment can better address the process 39

of actinide deposition in biological hard tissue. By using apatite, the main component of bone 40

material, one can study a well defined single component approximating the behavior of biological 41

hard tissue. Previous work has been performed with lanthanide homologs of the trivalent actinides42

on post-incorporation heat treated samples of apatite by X-ray diffraction (XRD)10-13, extended X-43

ray absorption fine structure (EXAFS)14, and time resolved laser fluorescence spectroscopy44

(TRLFS)15-17. These studies on heated samples are irrelevant to the incorporation at room 45

temperature since it has been shown that the speciation is different before heat treatment18,19. Two 46

key studies have focused on the speciation of Eu3+ (an analogue for trivalent actinide ions) in apatite47

at room temperature by TRLFS. Both studies concluded that Eu3+ was incorporated into the C348

symmetry Ca(I) site of apatite18,19. In the first study, all reported emission spectra had more peaks 49

than would be permitted by C3 symmetry which was explained as emission lines arising from 50

impurities in the naturally occurring apatite samples used for the study18. The second study 51

eliminated this possibility by using synthetic apatite and produced similar emission spectra19. It was 52



also concluded to be Eu3+ substituting on the Ca(I) site because of being trapped by the co-53

precipitation process. Although site selective excitation was used in this later study, the emission 54

spectra had a poor resolution at room temperature, and it is not possible to clearly resolve the 55

splitting to make a definitive statement on the symmetry of the Eu3+. Only one study was performed56

under similar conditions with actinides, namely Cm, where it was concluded that Cm3+ incorporates 57

into the apatite structure unlike other phosphate mineral phases such as Th4P6O23, ZrP2O7 and58

Zr2O(PO4)2 in which only surface sorption was evident20. No speculation was made on the site of 59

incorporation in the Cm study.60

METHODS61

Hydroxyapatite synthesis. Hydroxyapatite was synthesized by coprecipitation of calcium and 62

phosphate at basic pH. All chemicals were reagent grade and purchased from Alpha Aesar. 63

Concentrated solutions of calcium chloride and sodium hydrogen phosphate were made by 64

dissolving in 18 MΩ water. These solutions were then mixed in a 5:3 calcium to phosphate ratio 65

and brought to pH 11 with sodium hydroxide. The solution was stirred for 24 hours before the solid 66

was collected via filtration. This solid was dried and subsequently heated to 700 °C to improve 67

crystallinity.68

Bio-apatite synthesis. Serratia sp. NCIMB 40259 was used with kind permission of Isis 69

Innovation, Oxford, UK32. Biofilm-loaded foam cubes (prewashed in isotonic saline; ~4.5 mg dry 70

cell mass/cube) were placed in flasks containing 50 mL TAPSO/NaOH buffer (50 mM; pH 9.2) 71

with 5 mM glycerol 2-phosphate (G2P) and 1 mM CaCl2. The volume lost to evaporation was 72

replaced daily with the same solutions over the 8 day synthesis, after which the material was 73

dislodged by a gentle tapping and squeezing action. The remaining solid was washed with acetone, 74

air dried, and characterized by scanning electron microscope and X-ray diffraction33.75

X-ray diffraction (XRD). Samples were ground to a fine powder and spread in a thin layer over a 76

low-background sample holder (single crystal silicon wafer) with the aid of methanol. The powder 77

XRD patterns were collected on a Bruker D8 Advance diffractometer, using a Cu anode 78



(wavelength Kα1 at 0.1540598 nm). Patterns were taken using an acceleration of 40 mV and current 79

of 40 mA over a range from 10 to 120 o2θ with a step size of 0.01 o2θ and 4 seconds per step. 80

Phases were identified using Bruker-AXS EVA software.81

Batch studies. Batch studies were performed simply by placing the solution containing the doping 82

ion in contact with hydroxyapatite, while controlling ionic strength, solid to liquid ratio, pH, and 83

doping ion concentration. The solution containing the doping ion was 2.0 mM sodium perchlorate 84

to maintain ionic strength and was adjusted to pH of 6 with sodium hydroxide and perchloric acid 85

as needed before being added to hydroxyapatite at a solid to liquid ratio of 2.0 g/L. The Cm 86

concentration was 0.08 µM (taken from stock solution) and the Eu concentration was 1.0 µM.87

Samples were occasionally stirred over the contact time of 21 days. The isotopic composition of the 88

long-lived curium solution (20.0 μM) is 97.3 % Cm–248, 2.6% Cm–246, 0.04% Cm–245, 0.02% 89

Cm–247 and 0.009% Cm–244 in 1.0 M HClO4.90

Time resolved laser fluorescence spectroscopy (TRLFS). TRLFS was performed using a pulsed 91

(20 Hz) XeCl-eximer laser (Lambda Physics, EMG, 308 nm) pumped dye laser (Lambda 92

Scanmate). The following dyes were used: QUI for UV excitation, Rhodamine 6G for direct 93

excitation of Eu, and Rhodamine B for direct excitation of Cm. Indirect excitation of Eu and Cm 94

was performed at 394.0 nm and 396.6 nm respectively. The range used for the direct excitation of 95

Eu was 575 – 582 nm, and the direct excitation of Cm was performed at 600 – 612 nm. The laser 96

wavelength was monitored using a Toptica WS7 wavemeter (>10-5 nm accuracy). Fluorescence 97

measurements were detected by an optical multichannel analyzer that consists of a polychrometer 98

with 300/600/1200 lines/mm gratings (Jobin Yvon) and an intensified, gated photodiode array 99

(Spectroscopy Instruments). Maximum resolution at 300 and 1200 lines/mm was measured to be100

0.9 and 0.2 nm, respectively. The detection system was calibrated with a neon lamp (Pen Ray 101

6032). The samples were cooled to < 20 K by a helium refrigerated cryostat (CTI-cryogenics) to 102

improve resolution. For the discrimination of Rayleigh and Raman scattering the minimum gate 103

delay between laser pulse and camera gating was set to 1.0 µs. The gate width of the camera was 104



fixed at 10 ms to ensure the collection of the entire fluorescence signal. Fluorescence lifetime 105

measurements were made with a delay time step between 15 and 200 µs and a total of 60 steps were 106

taken for each lifetime measurement. 107

Extended x-ray absorption fine structure (EXAFS). Europium L3-edge and L2-edge spectra 108

were recorded at the INE beamline at ANKA (Germany) using a double-crystal monochromator 109

(DCM) equipped with a pair of Si(111) crystals. The DCM is operated in fixed-exit mode. The 110

incident intensity is held constant by means of a piezo-driven feedback system. The parallel 111

alignment of the crystal faces is detuned to ~70% of the maximum beam intensity. The samples 112

powders were mounted in Kapton® tape. Measurements were made in fluorescence mode using a 113

five element Ge detector with a sample orientation of 45° to the incident beam. The energy 114

calibration was performed using a Fe metal foil (K edge at 7112 eV). EXAFS data analysis was 115

performed using standard procedures in Athena and Artemis34 interfaces of the iFEFFIT software35. 116

The phase and amplitude data used for data analysis are calculated for a 15 atom cluster derived 117

from the undoped apatite structure. Single path scattering files for phase and amplitude are used too 118

for comparison. The k-range used for the fit is 2.669-8.715 Å-1 and fits are performed in the R-space 119

on the k2-weighted data. The overall scaling factor S0
2 was held constant at 0.85 after its 120

determination on a standard sample. Distances are determined with an error of 0.02 Å and 121

coordination numbers with an error of 20%.122

RESULTS AND DISCUSSION123

TRLFS of Eu3+ doped hydroxyapatite124

This study uses site selective TRLFS of  Eu doped at 100 ppm in synthetic hydroxyapatite to 125

eliminate extraneous peaks from multiple sites or impurities. Measurements were performed at deep 126

temperatures (< 20 K) for improved resolution. Despite correcting previous explanations of 127

impurities and multiple site excitation, the same emission spectra found in literature are 128

produced18,19 with a clear 3-fold splitting observed for the 5D0
7F1 transition, indicating less than 129



C3 symmetry (Fig. 1a). This eliminates the Ca(I) site of apatite as the location of the incorporating 130

Eu3+ ion.131

It should be noted that this cannot be a substitution in the lower symmetry Ca(II) site since the 132

Eu3+ can be driven there by heating, producing a different emission spectrum well documented to be 133

Eu3+ substituted in the Ca(II) site with C1 symmetry15-17 (supplemental Figure 1). It is also unlikely 134

that this large and reproducible of a disturbance in the local symmetry is due to charge135

compensation. Previous studies of Eu3+ and Cm3+ substitution onto calcium sites in other structures 136

have produced clear evidence of the original symmetry of the site occupied, despite slight 137

disturbances attributed to charge compensation21-23. A surface species can also be eliminated as the 138

explanation for increased splitting of the F1 transition because of the presence of a long, although 139

bi-exponential, fluorescence lifetime (Fig. 1b). The fluorescence lifetime has a short component of 140

0.6 ms, which can be attributed to a single water or two hydroxide molecules in the immediate 141

coordination sphere with the equation derived by Horrocks and Sudnick24. The long component (2.0 142

ms) is an indication of the absence of water and hydroxide in the immediate coordination sphere, 143

clearly indicating incorporation rather than surface sorption. An excitation spectrum was obtained 144

by integrating the total fluorescence over the 5D0 
7F0,1,2 transitions while varying the excitation 145

wavelength in the range of the 5D0 
7F0 transition. In this region a single peak results from each 146

unique Eu3+ environment due to the singular degeneracy of ΔJ = 0. This produced an extremely 147

broad peak from 577 nm to 580 nm indicating a poorly defined local environment around the 148

incorporated Eu3+ (Fig. 1c). The kinetics of incorporation is fast as there appears to be no significant 149

change in spectra or fluorescence lifetime after one hour (Figure 1).150

The fluorescence lifetime proves an incorporated species (Fig. 1b) and emission spectra indicate 151

that Eu3+ does not substitute for either Ca site within the apatite crystal structure (Fig. 1a). This152

along with evidence of a poorly defined Eu3+ environment from the excitation spectrum (Fig. 1c) 153

leads to the conclusion that Eu3+ is incorporating into the amorphous grain boundaries of the 154

polycrystalline apatite. This explanation was further supported when the study was expanded to 155



biologically produced apatite, which should better represent the low crystallinity of biological hard 156

tissue. 157

It has recently been shown that biologically produced apatite has a greater affinity and capacity 158

to incorporate various cations25. A characterization of the material led to two possible 159

explanations26. The first was that the biological residue could not be completely eliminated from the 160

sample. This biological residue could participate in the incorporation process or add additional sites 161

that could accommodate the Eu3+ ion. The second explanation was a difference in microstructure. 162

Although both biologically produced and synthetic apatites are similar polycrystalline powders, 163

they have been shown to have a drastic difference in crystalline grain size. Here crystalline grain 164

size being the size of a crystalline domain with a singular orientation within a polycrystalline 165

particle. The bioapatite was measured to have crystalline grains of 25 nm while the synthetic apatite 166

has crystalline grains at the µm scale. This large difference in crystalline grain size leads to a much 167

higher proportion of amorphous grain boundary in the biologically produced apatite that could 168

result in a greater uptake of trivalent cations. This biological apatite better approximates biological 169

hard tissue, which has a greater amorphous component.170

TRLFS was performed in an effort to determine if there was a change in speciation or an 171

additional incorporation site due to the biological material residue. The excitation spectrum shows a 172

broad peak that compares well to that obtained for synthetic apatites, indicating a poorly defined 173

environment around the Eu3+, as would be expected of an amorphous environment (Fig 2a). The 174

fluorescence lifetime was also similar for both biologically produced and synthetic apatite (Fig 2b). 175

The most compelling evidence was the fact that the fluorescence emission spectra are identical (Fig 176

2c). This is definitive proof of the same speciation in both samples, which eliminates biological 177

residue as a possible explanation for the increase in uptake in the case of trivalent actinides and 178

lanthanides. The most probable explanation is, therefore, the increased amorphous grain boundary 179

proportion in biologically produced apatite results in an increase uptake of cations.180



Structural determination with EXAFS181

Extended X-ray absorption fine structure (EXAFS) was performed as a complimentary probe of 182

the local environment and structure of the incorporated Eu3+. The results for synthetic and 183

biologically produced apatite were similar with the exception that trace amounts of Fe present in 184

biologically produced apatite only allowed for measurements up to k = 6.1 Å-1 (Supplemental Table 185

1). Because of this, only results for synthetic hydroxyapatite are presented and compared to 186

expected values for that of the Ca(I) site in hydroxyapatite (ICSD #22059) in Table 1.187

The distance from the incorporated Eu3+ to nearest neighbor oxygens was fit with a single shell, 188

because a two shell approach did not significantly improve the fit or lower the Debye-Waller factor189

(Fig. 3). For comparison, distances in the referenced Ca(I) site of hydroxyapatite are given as a 190

weighted average, although it is recognized that the nearest neighbor oxygen atoms occur at two 191

distinct distances. The first shell oxygen atoms were pulled closer to the Eu3+ atom than the Ca(I) 192

site crystal structure by 0.16 Å. It could be argued that this was a distortion due to the incorporation 193

of Eu3+ as a solid solution although the effect is larger than expected for the difference in radii (0.04 194

Å) when compared to other solid solutions27. This effect is consistent with an amorphous material 195

which would have more flexibility in bond distances. The coordination number has also dropped 196

from 9 in the solid solution to 7.9. This was also measured in EXAFS studies of Eu phosphate 197

glass28, although it should be noted that this is not significantly different given the large uncertainty 198

in coordination number in EXAFS measurements. Nevertheless, a drop of the coordination number 199

is fully consistent with a diminution of the bond length. The next shell was fit with phosphate and 200

shows no significant difference from the hydroxyapatite, although none could be expected given 201

previous studies of amorphous phosphates28.202

Definitive proof that Eu3+ was not incorporated into the Ca(I) site of apatite was shown in the Eu 203

– Ca shell as compared to the Ca(I) – Ca distance. Here any effect due to the isomorphic 204

substitution of Eu3+ for Ca would have dissipated. The Eu3+ data shows an increase in coordination 205

number when compared to the Ca(I) site; however, the most striking difference was an increase in 206



the Eu – Ca interaction distance by 0.65 Å longer than the Ca(I) – Ca distance. It should be noted 207

that these results are also inconsistent with substitution on the Ca(II) site as was already established 208

for samples after heat treatment18. This can only be explained by a complete break with the crystal 209

structure of hydroxyapatite and eliminates the possibility of Eu3+ incorporating through isomorphic 210

substitution within apatite at room temperature. The EXAFS data thereby confirmed what was 211

suggested by TRLFS. Eu3+ is incorporating into the amorphous grain boundaries of synthetic and 212

biologically produced hydroxyapatite.213

Actinide containing material: Cm3+ studies214

TRLFS was performed on Cm3+ containing hydroxyapatite and biologically produced 215

hydroxyapatite in the same way that it was done for Eu3+ apatites. The emission spectra after UV 216

excitation shows an extremely broad (FWHM = 10 nm) peak centered at 607 nm for synthetic and 217

bioapatite, establishing the same local environment for trivalent actinides in both forms of apatite218

(Fig. 4a). The large peak width suggests a range of local environments which would also be 219

expected for Cm3+ incorporated into the amorphous grain boundaries as was established for Eu3+ by 220

TRLFS and EXAFS. The maximum emission wavelength was slightly higher in energy than the 221

609 nm that was previously reported20. This is likely due to the published spectrum being collected 222

at a longer delay time, which has the effect of shifting the peak to lower energy. This effect occurs 223

because the range of species present exhibit shorter lifetimes at higher energies. The peak reported 224

here at 607 nm still shows a stronger bathochromic shift than other examples of crystalline Cm3+225

doped phosphates, such as the 8-fold coordinated LuPO4
29 and 9-fold coordinated LaPO4

30. 226

The excitation spectrum produced the same extremely broad peak as UV excitation with a large 227

shoulder at higher energies (Fig. 4b). This shoulder was shown to be due to “hot band” excitation of 228

the higher excited states and the large increase in intensity reinforces the assumption that a large 229

range of Cm3+ environments exist. The fluorescence lifetimes in both samples were similar and fit 230

to a bi-exponential lifetime (Fig. 4c). The short lived component of 235 µs can be attributed to two 231

waters by the Kimura equation31. The longer lived lifetime of 850 µs shows a complete loss of the 232



hydration sphere indicating incorporation into the bulk. These results compare well to that obtained 233

with Eu3+.234

Lastly, direct excitation was used to probe the region of Cm3+ fluorescence. It was proven 235

through fluorescence line narrowing that the broad emission spectrum shown by UV excitation is in 236

no way limited to the resolution of the instrument (Fig. 5). This demonstrated that the broad peak 237

emission spectrum was due to a continuum of closely related sites. Such spectra would be expected 238

from a sample with a poorly defined Cm3+ environment that has no long range order. This is 239

presented as further proof that trivalent actinide and lanthanide incorporate into the amorphous 240

grain boundaries of hydroxyapatite.241

CONCLUSIONS AND IMPLICATIONS242

We propose a new mechanism for trivalent actinide and lanthanide uptake into apatites: 243

incorporation into the amorphous grain boundaries of the polycrystalline apatite and not 244

incorporation onto a calcium site within the crystal structure as previously proposed. This has been 245

proven in the current study by TRLFS and EXAFS of synthetic and biologically produced 246

hydroxyapatite doped with Eu3+ and Cm3+. This is in direct conflict with previous assumptions that 247

incorporation took place as an isomorphic substitution on the Ca(I) site creating a solid solution. 248

This new conclusion not only explains the current data presented in this manuscript, but also 249

previously unexplained phenomena presented in the TRLFS of other Eu:apatite studies performed 250

by incorporating ions at room temperature18,19.251

This proposed mechanism for the incorporation of trivalent actinides helps to understand the 252

incorporation process and distribution of transuranics throughout the skeletal system of organisms 253

exposed to transuranic elements. It has been shown that Pu, Am, and Cm have an inhomogeneous 254

distribution in biological hard tissue leading to high local concentrations and consequently a higher 255

radiotoxicity1-4. This finding can now be revisited with the insight that these areas of high local 256

concentration are most likely areas of low crystallinity. In areas of high crystallinity it would be 257

assumed that surface sorption would be the main mode of retention. Because of the slow growth of 258



bones, it has been shown that incorporation can take days in areas where surface sorption is 259

dominant9. This new insight would allow one to distinguish situations where a treatment to desorb 260

radionuclides might be successful, from those where incorporation has most likely already taken 261

place. Understanding the processes that govern the sorption and incorporation of radionuclides in 262

biological hard tissue is envisioned as the first step in designing treatment to decrease the amount of 263

radionuclides retained over long time periods by organisms exposed to trivalent actinides.264
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Table 1 EXAFS fitted parameters compared to that of the Ca(I) site. Typical error associated 326

with coordination number is 20 % while reported bond distances are ± 0.02 Å. The k-range of 327

fitting was 2.669-8.715 Å-1. The R-range of fitting was 1.341-4.262 Å. The goodness of fit can be 328

expressed as the difference of the fit and experimental data as a percent referred to as the residual, 329

which was 1.2 % for hydroxyapatite.330

Bond R (Å) N σ² (Å2) Eo (eV)
Eu - O 2.39 7.9 0.004 4.6

Ca(I) - O 2.55 9.0 - -
Eu - P 3.21 4.2 0.0002 10.7

Ca(I) - P 3.21 3.0 - -
Eu - Ca 4.11 3.7 0.0004 11.8

Ca(I) - Ca 3.44 2.0 - -
331

Figure Captions332

Figure 1 TRLFS of Eu3+ in synthetic hydroxyapatite which shows little change over the contact 333

time of 522 h. a) Emission spectra with 3-fold splitting of the F1 transition indicating a lower local 334

symmetry than the C3 expected for the Ca(I) site of hydroxyapatite. b) Fluorescence lifetime 335

measurements showing incorporation of the Eu3+ although multiple species exist. c) Excitation 336

spectra with extremely broad peak suggesting poorly defined Eu3+ environment as would be 337

expected in an amorphous environment.338

Figure 2 TRLFS of Eu3+ in biologically produced apatite as compared to synthetic apatite. a) 339

Excitation spectra with broad peak comparable to previous analysis of synthetic apatite suggesting 340

amorphous environment. b) Lifetime measurements comparable to synthetic apatite confirming 341

incorporation. c) Emission spectra from bio-apatite as compared to the synthetic hydroxyapatite 342

indicating the same incorporated Eu3+ environment suggesting the same incorporation mechanism 343

and excluding biological residue as an incorporation site.344

Figure 3 EXAFS data with fit of synthetic hydroxyapatite a) FT magnitude (thick solid line), 345

imaginary part (thin solid line), and fit results (open triangles and circles). FT is performed in the 346



range 1.341-4.262 Å. b) k2-weighted Eu L3 EXAFS of the sample (solid line) and fit result (open 347

circles). Data was fit in the range 2.669-8.715 Å-1. The residual of the fit was 1.2 %.348

Figure 4 TRLFS of Cm3+ in synthetic apatite and bio-apatite a) Emission spectra with broad 349

peak due to poorly defined Cm3+ environment centered at 607 nm. b) Fluorescence lifetime 350

measurement indicating incorporation and multiple environments. c) Excitation spectrum of 351

biologically produced hydroxyapatite indicating range of species as would be expected from an 352

amorphous environment with large shoulder due to hot band excitation.353

Figure 5 Fluorescence line narrowing in TRLFS of Cm3+ containing bio-apatite from direct 354

excitation proving the presence of a continuum of related environments as would be expected by the 355

incorporation into amorphous grain boundaries.356

Supplementary Figure 1 TRLFS emission spectrum of sintered Eu3+ doped hydroxyapatite.357

This can be compared to established spectra of Eu3+ substituted in the Ca(II) site of apatite15-17. This 358

spectrum in no way resembles the speciation seen before heating proving that the Ca(II) site can be 359

ruled out as the incorporated species before heating.360
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Figure 1b365
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Figure 1c367
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Figure 2a370
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Figure 2b372
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Figure 2c374
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Figure 3a376
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Figure 3b378
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Figure 4a380
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Figure 4c384
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Figure 5387
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Supplemental Material389

Supplemental Table 1 EXAFS fitted parameter of synthetic apatite (OH-Ap) and biologically 390

produced apatite (Bio-Ap). Typical error associated with coordination number is 20 % while 391

reported bond distances are ± 0.02 Å. Residual of fit was 0.88 %.392

System Bond R (Å) N σ² (Å2) Eo (eV)
OH-Ap Eu - O 2.39 7.9 0.004 4.6
Bio-Ap Eu - O 2.41 7.0 0.005 0.9
OH-Ap Eu - P 3.21 4.2 0.0002 10.7
Bio-Ap Eu - P 3.26 1.3 0.005 16.0
OH-Ap Eu - Ca 4.11 3.7 0.0004 11.8
Bio-Ap Eu - Ca - - - -



Supplemental Figure 1393
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