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In the present work, a destructive assay system based on tunable pulsed laser 
KPA has been used for determination of uranium concentration. The system has lower 
detection limit of 0.01 ng/ml. Calibration of the system was carried out before analysis. 
Precision (reproducibility) of the results was investigated for different uranium 
concentrations. The bias does not exceed 2.5%. Samples containing uranium 
concentrations from 0.01 to 200 ng/ml were precisely analyzed. Uranium in ore and 
reference solid samples were determined after radiochemical separation. The extraction 
of uranium was carried out with recovery percentage of more than 80%. Linearity of 
response of the system was studied for uranyl nitrate solutions of different molarities; 
10-1 - 10-5 M. Urine and water samples spiked by uranium were also investigated for 
quenching testing. Detection limit as low as 0.004 ng/ml was obtained. The observed 
results were found to be satisfactory and highly accurate. The method can be efficiently 
applied for quality control and analysis of uranium for nuclear safeguards.   
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INTRODUCTION  

Using of reliable techniques is very vital for verification and control of uranium 
in the field of nuclear safeguards and ultra-trace environmental analysis 

In the field of nuclear safeguards and environmental signature analysis, accurate 
destructive and non-destructive techniques must be used to get results of high 
confidence level. In the framework of the international safeguards, uranium in all 
stages of the nuclear fuel cycle must be quantatively and precisely determined. 
Moreover, increasing field of peaceful and military uses of depleted uranium, its 
assessment is also required to be carried out by sensitive techniques [1].  
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In this work, for the first time in the Gulf region, a bench-top instrument that 
rapidly performs quench-corrected analysis for trace uranium has been used. Study of 
the sensitivity and reliability of the method for assay of ultra-trace uranium for nuclear 
safeguard purposes is also targeted.    

EXPERIMENTAL WORK  

I Aspects of the Laser Kinetic Phosphorimetry Analysis: 
The system used is time resolved kinetic phosphorescence analysis (model KPA-

11 of Chemchek instruments). The uranium samples and reference are excited by firing 
the nitrogen laser of 337nm. This excites the dye laser (stilbene-420) to produce an 
excitation wavelength of 420nm. A 515 nm band-pass filter is used to filter the 
emission signal and to pass the 515nm uranium peak. Sensitive photomultiplier tubes 
and photon counting circuitry count the phosphorescent decay events emitted from the 
sample and reference. The reference measurement normalizes the sample 
measurements for interference fluctuations such as laser brightness, temperature drifts 
and high voltage drifts. Each analysis is a repetition of 50 second cycles. A 3 nsec. 
laser pulse initiates each cycle [2]. The laser pulse reacts with uranyl ions [UO2]

+2 in 
samples. The pulse energy of nitrogen and dye (stilben-420) are 120 J and 20 J, 
respectively. Their peak output powers are 40 and 5 kW, respectively [2].  High 
precision was achieved using 1000 laser pulses in each measurement. The system has 
low detection limit of 0.01 ng/ml. The main characteristics of the system are given in 
the Ttable 1.  

Table 1. The main characteristics of the KPA   

Parameter Laser KPA  
Selectivity Tunable for U, Eu, Sm. analysis 
Laser source Nitrogen laser of 337nm 
Pulse duration 3 nsec. 
Repetition rate 20 pulses/sec 
Emission wavelength 515nm for U 
Pulse power 120 J

 

Buffer Uraplex 
Sample volume 1 ml 
MDL 0.01ng/ml (0.13mBq/l) 
Precision (RSD) 1-3%   at  U> 0.01 ng/ml  

7-10% at  U< 0.01 ng/ml 
Analysis range 0.01  500,000 ng/ml 
Data processing Computer software 

 

To achieve high precision, the uranyl ion must be protected from various 
intermolecular mechanisms (competing interferences) which rapidly quench the uranyl 
luminescence. 
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II Calculation of Uranium Concentration: 
Following Roiss et al, the intensity (I) of the phosphorescence signal is 

proportional to the concentration of the emitting species, can be given as [3]:  

Ln It = lnI0  (kp+kq) t  (1) 

Where It is the number of detected photons at time t and is proportional to the 
number of excited ions (uranyl ions). kp and kq are the rate constants of phosphorescent 
decay and all other relaxation processes respectively. The luminescence from the 
analyte is related to its concentration using the intercept (I0) in the calibration equation 
obtained with known uranium standards.  

The uranium concentration in the sample (Uc) is calculated using the following 
equation [4];  

Uc  = Ut/ (Wa+Fb)  (2) 

Where Ut is the total uranium, Wa is the aliquant weight in grams, and Fb is the 
dilution factor in (gram sample/ gram solution). 

The KPA-11 is controlled by KPAWin software operating under Windows for 
automatic calculation of uranium concentration. The percent relative difference (%RD) 
is calculated by;  

%RD = ((Measured value  reference value) / reference value) x 100 (3)  

III) Sample preparation and analysis: 
Liquid samples do not need for pretreatment. However, turbidity and suspended 

matter must be avoided and eliminated. In the presence of quenchers such as Cl- , 
dilution is required.  

In this work, uranium standards (CLARITAS PPT) of 1, 10, 100, 250 ng/ml 
were used to calibrate the system for low and high range analysis. Samples of different 
concentrations; 0.01 

 

250 ng/ml were analyzed. One ml of the sample was taken in 
quartz cuvette with adding 1.5 ml of complexant agent (Uraplex). Uraplex with its 
stronger complexing power reduces interference problems [2].     

Figure 1. Chart of radiochemical extraction of uranium 
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Uranyl nitrate solutions of different molarities, spiked urine and reference water 
samples were also analyzed in this work. 

Uranium in ore and reference (IAEA) solid samples was chemically separated 
according to the following chart given in the Figure 1. The extracted uranium was then 
analyzed by the KPA [2]. 

The wet-ash with a nitric acid and hydrogen peroxide mixture is used to 
eliminate quenchers and fluorescers [2].     

RESULTS AND DISCUSSION  

The KPA has been used for assay of uranium in biological, environmental and 
geological samples [1,3,5,6]. In previous works, uranium was analyzed by the KPA 
with detection limit as low as 0.001 and 0.007 ng/ml respectively [7,8].  

In this work, with preparing very low uranium concentrations; less than 
0.01ng/ml, in deionized water, a detection limit was found to be 0.004 ng/ml. 

The system was calibrated for low and high (1, 10,100 and 250 ng/ml) ranges 
before measurements using quality control standards. The calibration curve is 
displayed in the Figure 2.  

R 2 = 1

0

5 0

1 0 0

1 5 0

2 0 0

2 5 0

3 0 0

0 5 0 1 0 0 1 5 0 2 0 0 2 5 0 3 0 0

R e f e r e n c e C o n c e n t r a t io n ( n g / m l)

M
ea

su
re

d 
C

on
ce

nt
ra

ti
on

 
(n

g/
m

l)

  

Figure 2. Calibration curve of the pulsed Laser KPA 
As shown from the Figure, a precise straight-line with powerful correlation 

coefficient (R2= 1) was obtained. 
Reproducibility (precision) of the results was determined by analyzing different 

samples of different uranium concentrations. The results are given in Table 2. 
It can be observed from the table that the bias in the results is in the range from 

0.12% to 2.5% maximum. Moreover, the results of the measured samples are close to 
each other. 

Reference samples of low concentrations were also analyzed. The measured 
concentrations are also very close to the declared values. The results are listed in the 
Table 3.  
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Table 2. Reproducibility (precision) of the results     

Reference Value 
(ng/ml) 

Measured Value  
(ng/ml) 

%RD 

4.98  0.06 -0.40% 
4.89  0.11 -2.20% 
5.04  0.06 0.80% 

5 

5.04  0.06 0.80% 

 

98.5  3.0 -1.50% 
100 97.5  3.1 -2.50% 

 

99.3  3.1 -0.70% 

 

98.6  3.1 -1.40% 

249.7  7.6 - 0.12% 

250.7  7.6 0.28% 

249.5  7.5 - 0.20% 

  

250 

249.6  7.6 - 0.16% 

 

Table 3. Results of assay of different concentrations of uranium     

Reference Concentration  
(ng/ml) 

Measured Concentration  
(ng/ml) 

%RD 

0.01 0.009  0.004 -10% 
0.05 0.049  0.002 -2% 
0.1 0.097  0.003 -3% 
0.5 0.49  0.011 - 2% 
1.0 0.99  0.011 -1% 
20 19.93  0.27 -0.4% 
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Figure 3. Results of high concentrations analysis of reference uranium solutions  

The highest difference (10%) was found at the low concentration near the 
system detection, i.e. at 0.01ng/ml. 
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Reference samples of high uranium concentrations (50 

 
200 ng/ml) were also 

analyzed. The results are displayed in the Figure 3. 
The correlation between the target and measured values is very sharp (R2 

=0.999). This result reflects the accuracy of the measurements. 
Linearity of the response to various uranium concentrations was investigated by 

analysis of uranyl nitrate solutions of molarities from 0.1 to 10-5 M. The results are 
presented in the Figure 4.  
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Figure 4. Linearity of response to uranium analysis  

A direct relationship between the increase of solution molarities and the 
measured uranium concentration was found. The correlation coefficient (R2) is 0.992. 

Reference uranium (10 g/g) was accurately investigated with 2% relative 
difference.  The IAEA-381 reference sample was chemically treated and then analyzed. 
The difference (20%) obtained for QAP003 sample is mainly due to the fact that the 
certified value given in Table 4. is for 238U only. 

Uranium concentrations in ore and reference solid materials; IAEA RGU-1, 
IAEA375 and QAP003, were also assayed after radiochemical leaching. The dilution 
factor was corrected. The results are listed in the Table 4.  

Table 4. Results of the analyzed reference samples   

Analyzed sample Certified value Measured %RD 
Ref. uranium solution 10 g/g

 

9.8  -2% 
IAEA-381 3.25 ng/ml (3.01 - 3.8) 3.9 +20% 
RGU-1 (ore) 400 g/g  (398  402 ) 415.6 +3.9% 
RGU-1 (ore) 400 g/g  (398  402 ) 324.8 -18.8% 
IAEA 375 1.86 g/g (1.66  2.05) 

 

1.56 -16% 
QAP003 10.3 g/g 

 

8.3 -19.4% 
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The values given between brackets represents the lower and higher certified 
levels. The extraction recovery percentages of uranium from the ore and reference 
samples were found to range from 80 to 104%. The %RD between the measured and 
certified values are mainly due to the difference in the recovery percentage of uranium. 

Uranium concentration in water samples was found to be less than the system 
detection limit. The sample was then spiked by different concentrations (1,10,100 and 
250 ng/ml) of uranium standard. The results are displayed in the Figure 5.  
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Figure 5. Results of the spiked samples analysis    

A excellent correlation coefficient of 0.999 was found. This means that the 
uranium added to the samples neither quenched nor interfered. 

As a matter of fact, urine analysis is used as indicator of uranium internal 
contamination (e.g. fuel fabrication workers) [9].  

In this work, analysis of urine samples was carried out without pretreatment. 
Values lower than the system detection limit were observed. The samples were then 
spiked by different uranium concentrations for determining of quenching effect. The 
results are presented in the Figure 6.  
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Figure 6.  Results of the spiked urine analysis 
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It was observed that the added uranium was almost totally quenched. Scattered 
values with very weak correlation factor (R2 =0.0145) were obtained. This is because 
of quenchers shorten the excited state lifetime and reduces the luminescence intensity 
from the uranyl ions (2). Although, the KPA automatically corrects for quenching, an 
analysis with greater than 80  90% quenching cannot be accomplished [2]. 

In other work, uranium in urine samples of Hanford UO3 plant workers was 
extracted and found by KPA analysis to be in the range from 0.015 to 0.03ng/ml [6] 

The KPA method can be easily converted for work in the field and it was used 
for on-line determination of uranium in media such as stack gases, uranium in 
zirconium metal and waste streams.    

CONCLUSION   

Using the pulsed laser induced kinetic phosphorimetry technique, uranium in 
different matrices has been accurately and precisely assayed. Uranium was analyzed in 
uranyl nitrate samples with accuracy between 0.4% and 10% at low concentration. The 
precision in the results was found to be 2.5 maximum. Detection limit as low as 0.004 
ng/ml was achieved. Uranium was amounted in leached samples with recovery 
percentages from 80 to 104%. The method can provide rapid, sensitive, selective and 
convenient analytical measurements, without the need for internal standard, for 
uranium in simple as well as complex matrices for verification of safeguarded nuclear 
materials.    
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