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INTRODUCTION

Among the naturally occurring radioactive elements, uranium is present quite ubiquitously in
the environment. Due to the solubility of many of its compounds, uranium enters the human
body mainly by ingestion with food and drink, especially with tap water and mineral water [1]
and to a lesser extent by inhalation of breathable uranium-containing dust particles or
aerosols. 
The average daily intake of uranium in different countries has been investigated in several
studies. Values were found ranging between 11 and 18 mBq 238U per day, which are
equivalent to 0.9 to 1.5 µg of uranium [2]. 
Uranium is absorbed from the intestine or the lungs into the systemic part of the body and is
rapidly deposited in the tissues, predominately in kidney and bone, or excreted in the urine.
Only about 2% of the ingested amount actually enters from the gastrointestinal tract into the
systemic circulation, while the remainder passes through the gastrointestinal tract without
being absorbed and is excreted with the feces within a few days. 

Besides its use in nuclear industry, uranium is also associated with certain military
applications, such as nuclear weapons, armours, and armour-piercing projectiles. As uranium
is known both for its chemical and radio-toxicity, the incorporation of uranium may result in
significant internal radiation exposure. In order to assess and control the occupational
contribution of internal exposure to uranium in workers, it is important to have reliable
information on the biokinetic behaviour of uranium in humans, i.e. its natural intake and body
content has to be taken into consideration. Monitoring of occupational incorporation of  238U
should preferably be carried out by analysis of its urinary excretion since the quantity lost per
day via urine is related to the systemic body content. But for a reliable estimation of the
occupational uptake of workers, baseline data of daily urinary excretion in subjects non-
exposed occupationally is required. 



The present study was aimed at the assessment of regional variations of renal loss of uranium
in subjects without previous history of occupational exposure to uranium.

SUBJECTS AND METHODS

In this study, a total of 285 healthy adult subjects of both genders from different parts of
Germany and between 25 and 64 years of age were asked to collect total urine in polyethylene
bottles for 24 hours on two different days under normal living habits.

Another group of 12 subjects from northern Italy (Milan and surrounding areas) were
included in this study, as well as groups from Great Britain (city of Didcot, n = 5), from the
Southern Urals in Russia (city of Ozyorsk, n = 9) and from 6 Jordanian cities (Amman, Zarka,
Mafraq, Madaba, Ain albasha, Nort-Shona, n = 62). These volunteers (males and females)
were aged between 6 and 95 years. None of them had a history of previous occupational
exposure to uranium.

Uranium concentrations were measured by means of high resolution inductively coupled
plasma mass spectrometry (HR-ICP-MS) at GSF-Research Center using a sector-field mass
spectrometer (Element-1, Finnigan MAT, Germany). The instrumental parameters are given
in Table 1. The method applied has previously been described in detail [3, 4]. In the present
study, aliquots of 5 ml of the urine sample were mixed with 4 ml of hydrogen super oxide and
100 µl of subboiling distilled concentrated nitric acid and filled up to a total volume of 20 ml
with distilled water (MilliQ). Thereafter, the samples were decomposed by means of UV-
irradiation. For the measurements performed by ICP-MS, a uranium standard solution (1g*l-

1/SPEX Ind.) and an internal standard solution of 193Ir (1g*l-1/SPEX Ind.) were used.

Table 1: Instrumental parameters of HR-ICP-MS (sector-field)

RF Power 1.2 kW
Scan type Magnetic jump, electric scan
Torch Fassel type with guard electrode
Nebulizer Meinhardt
Spray chamber Scott type (water-cooled)
Pump speed 1 ml/min
Auxiliary gas Argon, 0.85 l/min
Sample gas 1.2 l/min
Cool gas 14 l/min



RESULTS

In Fig. 1, the mean values of daily uranium excretion of healthy adults from different parts of
Germany are shown. The volunteers were grouped with regard to their place of living
according to the states of the federal republic. The results obtained vary between (8.8 ± 5.2)
ng (Mean ± SD) and (30.2 ± 21.4) ng. Broadly, it appears that higher values of uranium
excretions could be observed in the south of Germany than in the north.

The data were compared with previous measurements of 76 non-exposed subjects, aged
between 7 and 84 years, from two German regions around Munich and Frankfurt, which show
similar values of daily uranium amount excreted in urine (27.2 ± 26.7 ng/d, range 2.7 ng to
147 ng) [5].

Table 2 as well as Fig. 2 summarizes the results of all investigated groups of Europe and
Jordania in this study. No significant differences were found between men and women.

The results are in broad agreement with recent investigations of other authors e.g. from India
[6] or Israel [7]. In these investigations, a mean uranium excretion of about 12.0 ng/d was
found in 27 Indian adults living in Bombay. Seven unexposed volunteers from Jerusalem,
Israel, showed values in the range of 6-30 ng/d.
For Jordania, the mean uranium excretion in urine of (322 � 78) ng per day was found to be
an order of magnitude higher than the data from Europe. These values seem not to be critical
with respect to health hazards as they still fall into the range of 50 to 500 ng per day, which
were given in ICRP Publication No. 23 [8] for normal subjects.
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Fig. 1: Daily urinary uranium excretion of healthy adults from different federal states of
             Germany. (Mean values ± SD).

Table 2: Daily urinary uranium excretion in non-exposed volunteers from different countries.

Countries Number of
Subjects

Daily Uranium Excretion
(ng/d)

Mean ± SD Range
Germany 285 21.5 ± 19.4 8.8 - 30.2

Northern Italy 12 33.6 ± 3.7 8.2 - 59
Didcot (GB) 5 4.9 ± 3.6 2.4 - 11.1

Southern Urals 9 5.4 ± 1.4 3.4 -8.0
Jordania 62 322 � 78 18.4 - 345
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Fig 2: Daily uranium excretion in urine (mean ± SD) in non-exposed volunteers from
            different countries. The bar referring to “Germany” represents the combined values of
            both German studies.

CONCLUSION

The interpretation of bioassay data of natural radioisotopes for occupational monitoring
requires the knowledge of the respective data in non-exposed subjects. Non-occupational
urinary uranium is due to the ingestion of uranium with food, especially with tap water and
mineral water.
The results obtained in this study demonstrate significant regional variations of daily urinary
uranium excretion, which might not only be due to differences in environmental uranium
concentrations but also due to dietary habits in the populations of these areas. Analyses of
bottled and tap water [9] showed a wide range of uranium concentrations with values that are
often above the recommended upper levels of the World Health Organization (2 �g U/l) [10].
Therefore, the consumption of drinking water with high uranium content may cause a higher
uptake of uranium into the body and may explain the higher urinary excretion values found in
different areas of Europe or particularly in Jordania.
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