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Introduction 

The assessment of occupational internal exposure to natural uranium is normally 
carried out by combining Uranium Lung Detection  (ULD) and urine analysis. The 
ULD is a direct measurement of the uranium content in lungs. The urine analysis 
measures the amount of uranium excreted from the body. The biokintic models that 
are in use for dose assessments from urine analysis measurements are usually 
based on 24-hour urine collection.  

There are three traditional methods to collect urine samples:  
a) 24-hour collection  - the subject is asked to collect all the urine excreted during a 

24-hour period. 
b) Simulated 24-hour collection - the subject collects all the urine excreted during 

three consecutive 8-hour workdays. 
c) Spot samples - the subject gives a single urine sample at some time during work 

hours. 
Each method has its drawbacks : method (a) requires the workers to carry urine 
collection vessels home and back to work that usually leads to low compliance rates; 
method (b) also imposes restrictions on workers as well as not truly reflecting the 
urine excreted during 24 hours; method (c), which is most common, may lead to 
large errors due to diurnal variations in the concentration of salts (and uranium) in the 
urine. 

These sampling errors may be reduced by introducing a normalization factor 
that is based on urine density or an internal standard, such as creatinine (CRE).  
Creatinine is a substance normally formed in the body due to muscular activity and 
excreted in urine.  The amount of creatinine  excreted by an individual is proportional 
to the body weight and muscle mass [1], and ICRP-23 [2] gives average values of 
1000 and 1700 mg/day for a standard female and male, respectively.  It is sometimes 
used as a normalization factor (or internal standard) for estimation of the body 
content of toxic elements and compounds [4].  In this presentation we intend to 
demonstrate the variability of 24-hour collections and  spot samples,  and the 
improvement of uranium measurements accuracy when using creatinine 
normalization. 
 
Materials and Method  

All subjects of this study were employees of the Nuclear Research Center, 
Negev, who are not occupationally exposed to uranium compounds.  24-hour urine 
collections were acquired from a group of 32 female and 98 male volunteers, most of 
them participated in two or three such collections, with several months between 
collections.  Spot samples were also acquired from volunteers that collected the urine 
in separate vessels.   



The volume of each sample was measured, the creatinine concentration 
determined by employing a Cobas-Mira instrument (F. Hoffmann-LaRoche, 
Switzerland), and the uranium concentration was determined by flow injection 
inductively coupled plasma mass spectrometry (FIAS-ICPMS), using a system 
manufactured by Perkin-Elmer/Sciex (Canada) described in detail previously [4].  
 
 
Results and Discussion 
The diurnal volume and creatinine content 

Table 1 summarizes the information from 24-hour urine collection samples.  
  

TABLE 1. The average urine volume (in mL/d) and creatinine content (in g/d) found in  
                 three collections of 24-hour urine samples. 
 

Averages Females 
 

Males 

Average urine volume – 
collection 1 (mL/d) 

1747 ± 681 1767 ± 866 

Average urine volume – 
collection 2   (mL/d) 

1767 ± 760 1885 ± 772 

Average urine volume – 
collection 3  (mL/d) 

1838 ± 825 1854 ± 927 

Average creatinine content - 
collection 1    (gCRE/d) 

0.85 ± 0.23 1.53 ± 0.31 

Average creatinine content - 
collection 2  (gCRE/d) 

0.82 ± 0.21 1.43 ± 0.37 

Average creatinine content - 
collection 3 (gCRE/d) 

0.83 ± 0.24 1.36 ± 0.39 

 
It is worth noting that while there was little difference in the volume values of 

urine collected from female and male volunteers during a 24-hour period, there was a 
significant difference in the creatinine content, as expected from the difference of 
muscle masses between women and men [1]. 

The comparison of the volumes collected from a given individual during the three 
different sampling periods shows a large variability.  While in most cases the volume 
between collections differed by less than 50%, in some cases the difference was 
100%.   A similar analysis of the variability in the creatinine content showed much 
smaller differences, with a difference of less than 30% for two thirds of the male 
volunteers and three quarters of the female volunteers. 
 
Spot samples 

The natural variation in urine volume, creatinine content and uranium 
concentration in spot samples is significant.  Table 2 presents the results for one of 
the volunteers.  The time of each voiding, the volume of urine collected, the 
creatinine concentration and the uranium concentration, as well as the normalized 
uranium content (the ratio between uranium and creatinine) for each spot sample are 
given. 
 



TABLE 2.  The time of sampling, the volume of urine,  the creatinine concentration  
                  and uranium concentrations and the uranium/creatinine ratios – U/CRE 
                  (in ngU/gCRE) for spot samples during a day. 
 

Time of 
sampling 

Urine Volume 
(mL) 

Creatinine
(mg/L) 

Uranium 
(ng/L) 

U/CRE 
(ngU/gCRE) 

23:00 125 2120 84 39.6 
06:00 550 730 33.4 45.6 
08:00 150 1430 53.7 37.6 
10:00 140 1020 39.1 38.3 
13:00 365 520 25.5 49.5 
13:45 260 300 17.8 59.3 
15:45 260 710 36.8 51.8 
17:30 190 870 41.6 47.8 
19:30 180 920 46.0 50.0 
21:00 180 560 26.2 46.8 
22:00 300 240 18.4 76.7 

 
Table 2 demonstrates fluctuations in the concentration of creatinine by up to a 

factor of nine and up to a factor of five in the uranium concentrations in spot samples 
of urine taken from an individual during one day.   

However, normalization of the uranium concentration to the creatinine 
concentration attenuates significantly these fluctuations.  While the highest value is 
only twice the lowest value, in ten out of the eleven spot samples the range of the 
normalized results varied between 37.6 and 59.3 ngU/gCRE.  These fluctuations can 
be further diminished if the samples for which the creatinine concentration is below or 
above the normal range, (i. e. 0.8 to 2 gCRE/24h), will not be considered for analysis, 
as suggested  [4]. 
 
Conclusions 

Our study demonstrates that there is a great variability between individuals 
concerning volume and creatinine concentration even for 24 hours collections. In 
successive spot samples taken on the same day we found great variations 
concerning volume, uranium and creatinine  concentrations. The use of creatinine as 
an internal standard for correction of the variability in spot urine samples greatly 
reduces the level of uncertainty for  this sampling procedure. 

 
Using creatinine normalized values for internal dosimetry evaluations will  

improve dose assessment for workers occupationally exposed to Natural Uranium. 
Some laboratories have already implemented this normalization procedure, as 
mentioned in some recent publications [6,7]. 
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