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Summary

AIM OF THE STUDY: Important regional differences in
uranium exposure exist because of varying uranium con-
centrations in soil, water and food. Comprehensive data
on the exposure of the general population to uranium is,
however, scarce. Based on the 24-hour urinary excretion,
the uranium exposure of the adult Swiss population was
assessed in relation to age, sex, place of residence, body
mass index (BMI), smoking habit and type of drinking wa-
ter, as well as risk factors in relation to kidney impairment
and indicators of a possible renal dysfunction.

METHODS: Uranium was quantified in 24-hour urine from
a nationwide population-based sample (n = 1393). The ra-
tio 238U/233U was measured for isotope dilution calibration
with a sector field inductively coupled plasma mass spec-
trometer (HR-ICP-MS).

RESULTS: Overall median and 95th percentile were 15
and 67 ng/24 h, respectively. The place of residence sig-
nificantly influenced urinary uranium excretion. However,
most of the highest urinary uranium excretion levels could
not be associated to areas known for their elevated ura-
nium concentrations in the drinking water. Sources other
than the local drinking water (e.g., bottled water) might be
important, too. Gender as well as albumin excretion also
had a significant effect on uranium excretion. The latter
was, however, strongly dependent on the presence of di-
abetes mellitus. No association was found for age, BMI,
smoking habit or the other examined kidney related vari-
ables.

CONCLUSIONS: On the basis of uranium exposure, as-
sessed via 24-hour urinary uranium excretion, and current
knowledge of the toxicity of naturally occurring uranium, a
substantial corresponding health risk for the general adult
population is unlikely. However, as long as no specific
sensitive biomarker for the biological impact of low-dose
chronic uranium exposure has been identified and validat-
ed, assessing subtle health impact of such exposure will
remain difficult.

Keywords: urinary uranium, excretion, Switzerland,
24-hour urine, renal dysfunction, drinking water

Introduction

The radioactive element uranium (U) is ubiquitous and ex-
ists in the form of various compounds. It is redistributed in
the environment by either natural processes or human ac-
tivities. Erosion or leaching from natural deposits, as well
as volcanic eruptions, can occur naturally, whereas min-
ing and processing of uranium ores or phosphate rocks and
the combustion of coal and other fuels, as well as the use
of uranium containing phosphate fertilizers, are man-made
[1–5]. The accumulation or mobility in soil and aqueous
media depends on uranium concentration and oxidation
state, as well as the properties of the environmental ma-
trix such as pH, soil redox potential (Eh) and the pres-
ence of inorganic or organic ligands. Under oxidising con-
ditions, the most prevalent species in nature is the uranyl
ion (UO2

2+) [2, 6]. The presence of naturally occurring ura-
nium in partly very high concentrations in Swiss soils has
been documented before, especially in some alpine regions
[7–10].

Uptake of uranium in plants depends on the bioavailable
concentration in the soil or irrigation water, as well as
the plant species. Leafy vegetables and herbs show higher
uranium amounts than tubers, fruits or grains [11, 12].
Two other factors, namely the time of harvesting and food
preparation, influence uranium concentration in food.
Firstly, uranium contents of plants are highest in early
spring and decrease over the course of the season [11]
and secondly, washing and peeling of vegetables can re-
duce the uranium content considerably [4]. Animal-based
food products contribute in general less to the uranium in-
take than plant-based foods, as biomagnification within the
food chain is considered poor [11, 13].

Because of its wide distribution, uranium is present in wa-
ter, air, food and animal feed [1, 2]. For people who are
not occupationally exposed, food and drinking water are
the principal sources of uranium intake [1, 2, 14]. A dai-
ly dietary uranium intake through food of between 1 and
4 µg/day was estimated by the World Health Organiza-
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tion (WHO) [5]. The corresponding intake estimates for
Switzerland of 3.7 µg/day by Stalder et al. [9] and 1.5 µg/
day by Bosshard et al. [7] fall within this range. The con-
tribution of drinking water to the dietary uranium intake is
considered low [5] or at equal to that of food [1]. However,
uranium exposure from drinking water becomes important
where local water sources contain elevated uranium con-
centrations [2, 5, 15]. The same also applies to bottled wa-
ter [2, 7, 16].

Up to 80% of the tolerable daily intake (TDI) of uranium
is allocated to drinking water if significant amounts of ura-
nium are present. The corresponding provisional guideline
value of 30 µg/l uranium for drinking water was derived
from a TDI of 60 µg [5], based on an epidemiological
study from Kurttio et al. [17]. For a naturally occurring el-
ement such as uranium, the hitherto controversial history
of guideline values is unique [18].

Uranium is considered nonessential for both animals and
humans, as neither biological nor physiological functions
are known [2, 5]. Even though all uranium isotopes are
radioactive, the chemical toxicity of uranium in food and
drinking water is of greater concern than the radiotoxicity
because of its low specific activity [1, 19].

After oral exposure, the major portion of ingested uranium
passes via the intestine [20]. Human gastrointestinal ab-
sorption is generally low and depends on the solubility of
the uranium species [2, 21]. Uptakes in a range between 1
and 2% have been suggested for adults [22–26]. However,
absorption rates can go up to 6% [11, 25].

Once ingested and intestinally absorbed, uranium appears
in the bloodstream and subsequently accumulates mainly
in the kidney, the liver and bone. The former is the primary
target organ for uranium chemical toxicity, whereas the lat-
ter represents the major long-term repository for uranium
within the body [4, 19, 23]. Besides nephrotoxicity, other
health outcomes such as reproductive and developmental
alterations, diminished bone growth, DNA damage, neu-
rotoxicity and oestrogenic effects are documented, though
mainly from animal studies [1, 19]. Furthermore, uranium
can both cross the blood-brain barrier as well as the placen-
ta and is excreted in breast milk [4]. Despite these findings,
no clear no-effect concentration could be derived from hu-
man studies as yet [5], and no specific sensitive biomark-
er is currently available for the characterisation of effects
caused by low-dose chronic uranium exposure [1].

Significant associations between uranium exposure and
cancer are still under discussion as both negative [1,
27–29] and possible positive findings are reported [30, 31].
So far, uranium has not been classified as a carcinogen for
humans because of inadequate evidence [23].

Urinary elimination of incorporated uranium takes place
in stages; about two-thirds are cleared within 24 hours,
whereas the remainder is excreted from various tissues at
different rates over several days, month or years [6, 24].
The amount of uranium absorbed from the diet can be ap-
proximated to the urinary uranium excretion on the as-
sumptions that the contribution from inhaled uranium and
from endogenous secretion of uranium into the gastroin-
testinal tract are negligible, and that the person is in ura-
nium balance [24, 26]. Day-to-day fluctuation of uranium
excretion can however be remarkable [32, 33]. For non-ex-

posed subjects, a urine uranium concentration up to 60 ng/
l has been suggested as a typical background burden [14].

This study aimed at assessing uranium exposure of the
general Swiss adult population through measurement of
24-hour urinary uranium excretion.

Materials and methods

Urine sample collection and interview
A 24-hour urinary collection and an interview were con-
ducted between 2010 and 2011 in 11 centres from nine can-
tons (Basel, Fribourg, Geneva, Lucerne, St Gallen, Tici-
no, Valais, Vaud and Zurich) as part of the nationwide salt
intake survey. The collective covered the three main lin-
guistic regions (German, French and Italian) and was bal-
anced for gender and age (15–91 years of age). All regional
ethics committees approved the study and all participants
gave written consent before sampling. Further information
on sample collection is given by Chappuis et al. [34].

Urinary albumin, calcium, sodium, potassium, urea and
creatinine, as well as serum creatinine were analysed by
the Laboratoire de Chimie Clinique of the Centre Hospital-
ier Universitaire Vaudois (CHUV, Lausanne, Switzerland).
The types of assays were immunoturbidimetry (albumin),
O-Cresolphtalein (calcium), indirect potentiometry ISE
(sodium, potassium), urease-GLDH (urea), and Jaffé kinet-
ic compensated method (creatinine) from Roche Diagnos-
tics (Rotkreuz, Switzerland) [34].

Frozen urine aliquots of 40 ml were brought to the labora-
tory of the Federal Food Safety and Veterinary Office and
stored at −20°C until uranium analysis.

During the interview, participants were asked, among other
things, about the type of water consumed. For the first
question “What kind of water do you drink?” a choice
of six responses was given: (1) exclusively tap water, (2)
mainly tap water, (3) exclusively water from bottles, (4)
mainly water from bottles, (5) sometimes one, sometimes
the other and (6) I do not drink water.

For the second question, “Usually, before taking water
from the tap (to prepare coffee or tea…) do you let water
flow for some seconds or minutes?” a choice of yes or no
was given [34].

Reagents and standards
A 233U spike solution at a concentration of 980 ng/l in 1%
HNO3 Suprapure (Merck, Darmstadt, Germany) was pre-
pared daily from an enriched certified isotope reference
material (activity concentration of 36.0 ± 0.5 kBq/g cor-
responding to 100.9 ± 1.5 mg/kg in HNO3 6%, CERCA
Framatome, Laboratoire Etalons d’Activité, Pierrelatte
Cedex, France).

Two aqueous uranium solutions at concentrations of 10
and 1.0 ng/l in 1% HNO3 (from a stock solution of 10.07
mg/l, Certipur Merck) as well as certified urine
(NIST-2670a Urine Low Level, NIST Gaithersburg, MD,
USA) and two selected urine samples were used for
method validation and quality assurance (trending).

High-purity water (18.3 MΩ cm, ELGA LabWater, Mar-
low, UK) was used for all dilutions.
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Sample preparation
Urine samples were thawed overnight at 4°C, equilibrated
for 2 hours to ambient temperature, and homogenised be-
fore pipetting. Aliquots of 0.3 ml of each sample were
frozen again at −20°C. For final dilution, the aliquots were
thawed and equilibrated to ambient temperature for 1 hour.
Lastly, 0.1 ml of 233U spike solution and 2.7 ml HNO3 1%
were added to a final volume of 3.1 ml. Preparation of ref-
erence and quality control samples was similar.

The samples were then either measured directly or stored
at 4°C until analysis within 3 days. Exceptionally, the final
solutions were frozen at −20°C until the day of analysis.
All freezing and cooling cycles were checked beforehand
for sample stability.

Analysis
Isotope dilution was the calibration method of choice. The
ratio 238U/233U was measured after the addition of a de-
fined amount of 233U to each sample. With the simplified
formula for non-natural tracer isotopes, according to Adri-
aens et al. [35], uranium urine contents were calculated.

The two isotopes were analysed by means of a sector field
inductively coupled plasma mass spectrometer (HR-ICP-
MS) (Element 2, Finnigan-MAT, Bremen, Germany). A
Cinnabar cyclonic spray-chamber, a SeaSpray nebuliser
(both from Glass Expansion, West Melbourne, VIC, Aus-
tralia) and an autosampler (ASX-260 from CETAC, Oma-
ha, NE, USA) completed the setting.

Accuracy of the analysis method was verified beforehand
with independent measurements of the NIST-2670a stan-
dard with the certified value of 102.0 ± 2.3 ng/l. Method
performance over all measurement series (trending) result-
ed in mean concentrations ± standard deviation (SD) of
105 ± 3 ng/l (n = 28) for the same certified NIST-2670a,
469 ± 52 ng/l (n = 29) for a high-level real urine sample
and 10 ± 1 ng/l (n = 30) for a uranium standard solution.
The corresponding RSD for between-run precisions were
at 2.9% for the NIST standard, 11.1% for the high-level
urine and 7.4% for the uranium standard solution. With the
analysis of 1% HNO3 as blank solution, a limit of detection
(LOD, mean + 3 SD) of 5 ng/l was calculated for the undi-
luted urine samples.

Statistical analysis
Systat (version 13.00.05, Systat Software Inc., San Jose,
CA, USA) was the software used for statistical evaluation.

Samples were excluded from statistical analysis if they
were replicates, incomplete according to Reinivuo et al.
[36], or with missing information. For samples below the
LOD, LOD/2 was used for the calculations.

A total of 1393 samples remained with complete data. Ura-
nium concentration was normalised for 24-hour excretion
by means of the 24-hour urine volume. Within the results
section, median excretions were compared as data did not
follow a normal distribution. For the same reason, data
were naturally log-transformed prior to the multivariate
analysis by means of a general linear model (GLM). In-
dependent explanatory variables for the GLM model were
chosen according to different criteria. Participant charac-
teristics were complemented with known risk factors for
kidney impairment as well as indicators of a possible renal

dysfunction [6, 37–39]. A two-sided p-value <0.05 was
considered significant for all statistical tests.

Results

From the 1393 participants, 1009 (72%) had a urine ura-
nium concentration above the LOD of 5 ng/l and up to
459 ng/l, 384 samples were below LOD. The 24-hour urine
volume ranged between 321 and 7500 ml with a median of
1881 ml.

Urinary uranium excretion depicted a positively skewed
distribution with an excretion median of 15 ng/24 h and
the corresponding 25th, 75th and 95th percentiles of 7, 31
and 67 ng/24 h. A compilation of the uranium excretion
medians of different subgroups is shown in table 1. The
most marked range in uranium excretion was found among
the cantons of sampling, with the highest values for Valais
and Geneva. The overall median urinary uranium concen-
tration was 8 ng/l. When the suggested background burden
by UBA [14] was taken into account, n = 36 or 2.6% of the
participants from the current collective showed a uranium
concentration >60 ng/l.

By means of GLM analysis, association between indepen-
dent explanatory variables and naturally log-transformed
urinary uranium excretion, the response variable, were
studied. An overview of all variables is given in table 2.
A squared multiple correlation (R2) of 0.541 defined the
overall fit of the resulting model. The model residuals fol-
lowed normal distribution as verified through a Shapiro-
Francia test (data not shown).

The output comprised statistically significant p-values for
the variables place of residence (p <0.0001), gender (p =
0.024), naturally log-transformed urinary albumin excre-
tion (p = 0.013) as well as the type of water consumed (p =
0.001; tap water, water from bottles, both).

For participants with an exclusive tap water consumption,
the median uranium excretion was 11 ng/2 4 h. The highest
median uranium excretion of 18 ng/24 h was found within
the group of participants with an exclusive consumption of
bottled water.

No significant association was detected in relation to any
other explanatory variables within the GLM model (table
2). However, the variables naturally log-transformed uri-
nary calcium excretion, naturally log-transformed urinary
creatinine excretion, use of nonsteroidal anti-inflammatory
drugs (NSAIDs) and BMI showed p-values oscillating
around the significance level in dependence of the selec-
tion of explanatory variables.

Exclusion of the highest uranium value of 591 ng/24 h did
not have any influence on the overall results or on the con-
clusions of this work. The second highest uranium excre-
tion was 1.6 times lower at 364 ng/24 h.

Discussion

The assessment of low level uranium exposure is important
as population-based studies including mostly non-occupa-
tionally exposed participants are still scarce. This is to
our knowledge the first study analysing uranium in 1393
24-hour urine samples on a nationwide level, stratified for
gender and age.
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A relevant health risk, attributable to uranium exposure, is
assumed unlikely for the general Swiss adult population.
Even for participants with uranium excretion values above
the 95th percentile, a health impact is still rather improb-
able as only mild effects from subclinical toxicity were
observed in other international studies with considerably
higher urinary uranium excretions [17, 29].

Increased urinary uranium values from individual study
participants were expected beforehand as some Swiss ura-
nium “problem” areas, explained by elevated uranium con-
centrations in the drinking water, have already been de-
scribed [9, 10].

The highest uranium excretion values among the cantons
of sampling were found in Valais, followed by Geneva.

Table 1: Urinary uranium levels (24-hour sampling) of subgroups of the collective under study.

All Men Women

n Median (ng/l) Median (ng/24
h)

Range (ng/
24 h)

n Median (ng/l) Median (ng/24
h)

n Median (ng/l) Median (ng/24
h)

Whole collective 1393 8 15 1–591 688 9 15 705 8 14

Canton of sampling

Basel 185 8 17 2–164 92 9 15 93 8 18

Fribourg 84 4 7 2 ̶ 255 36 4 9 48 4 7

Geneva 113 16 29 4–145 56 16 29 57 15 28

Lucerne 182 9 14 2–181 89 10 18 93 8 13

St Gallen 154 8 17 3–278 67 7 11 87 8 20

Ticino 158 8 10 2–132 82 9 12 76 7 9

Valais 97 23 39 6–591 50 25 41 47 22 34

Vaud 164 9 14 1–364 83 9 16 81 8 13

Zurich 256 5 9 2–132 133 5 10 123 5 8

Age strata from recruitment
(years)

15–29 332 9 14 1–591 156 11 18 176 8 12

30–44 320 8 17 2–134 143 9 18 177 8 14

45–59 340 8 14 2–364 174 9 14 166 7 15

≥60 401 8 14 2–256 215 8 13 186 9 16

BMI*

<18.5 (underweight) 44 6 11 3–145 12 16 20 32 6 8

18.5–24.9 (normal
range)

694 8 14 1–244 291 9 14 403 8 14

25.0–29.9 (preobese) 456 8 15 2–591 270 9 14 186 7 15

≥30 (obese) 199 11 19 2–255 115 10 17 84 11 21

Smoking habit

Smokers 246 9 16 2–214 131 10 17 115 9 15

Ex-smokers 380 8 17 2–364 215 9 17 165 7 17

Never-smokers 767 8 14 1–591 342 8 14 425 8 14

Diabetes mellitus therapy
(self-reported)

Yes 44 9 13 3–255 31 11 15 13 5 10

No 1349 8 15 1–591 657 9 15 692 8 15

Hypertension (average
blood pressure ≥140/90 mm
Hg or on treatment)

Yes 351 8 14 2–256 223 8 13 128 8 15

No 1042 8 15 1–591 465 9 17 577 8 14

Use of nonsteroidal anti-in-
flammatory drugs (NSAIDs)

Yes 66 8 16 2–256 30 8 16 36 7 16

No 1327 8 15 1–591 658 9 15 669 8 14

Type of water consumed

Exclusively tap water 271 6 11 1–189 120 6 10 151 6 14

Mainly tap water 486 8 14 2–591 224 9 16 262 7 14

Exclusively water from
bottles

82 10 18 3–255 52 13 20 30 9 18

Mainly water from bot-
tles

182 10 17 2–278 119 9 15 63 11 18

Sometimes one, some-
times the other†

372 9 17 2–244 173 12 18 199 8 15

Running tap water before
consumption

Yes 973 8 15 1–364 489 9 16 484 8 14

No 420 9 15 2–591 199 9 14 221 8 15

* Body mass index (BMI), classification according to the WHO † Including 11 participants who responded with “I do not drink water”
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This order is reflected in the uranium concentrations in
drinking water measured by Stalder et al. [9].

On the individual level, the compilation of the places of
residence of participants with a uranium excretion above
the 95th percentile (n = 70) and uranium hot spots from the
above mentioned drinking water study did reveal that 70%
of these participants live not in such an area, but rather in
other communes all over the country. The other 30% do
live in the canton of Valais, including 13 participants who
live in the uranium hot spot cities Martigny or Sion. Fur-
ther analysis of all participants living in one of those two
cities (n = 28) shows that the range of their urinary uranium
excretion is very broad, from below LOD to the maximum
value of this study. Hence, based on the place of residence,
no prediction can be made about the individual uranium
exposure of a person.

Consumed water, likely representing the major source of
uranium for the non-occupationally exposed individuals,
can either be tap or bottled water [14, 39, 40]. Higher ura-
nium concentrations in bottled water than in tap water have
already been detected in Switzerland [2, 7], as well as in
the neighbouring countries France [41] and Germany [16].
The observed association of 24-hour urinary uranium ex-
cretion with the type of water consumed highlights the im-

portance of bottled water as a uranium source in Switzer-
land (table 2).

Whether or not the tap water was rinsed prior to consump-
tion had no effect on urinary uranium excretion, as the ura-
nium comes from the water itself and is not a component
of water pipes.

Spot urines are usually preferred for population-based
studies because of the cumbersome sampling of 24-hour
urine. However, for the assessment of excreted elements,
24-hour urine is most appropriate as further adjustments by
creatinine excretion or the like are unnecessary. Such cor-
rections are sensitive to bias, especially in population-wide
collectives, due to demographic differences [42–44]. The
willingness of people to participate and to collect a 24-hour
urine sample was at the same time the biggest challenge
and limitation of this study. Young people in particular
were very difficult to recruit. Replicates of urine collec-
tions would have been a further gain of information; this
was however not part of the current study.

Comparability with population-based studies from other
countries is, apart from the use of spot urines, further lim-
ited by number. A median of 4.9 ng/l or 4.6 ng/g crea-
tinine was reported in France (n = 1991, 18–74 years of

Table 2: Independent explanatory variables of the general linear model (GLM) influencing the response variable naturally log-transformed uranium excretion in urine (µg/24 h).

GLM model predictors Estimates of effects (βi) Analysis of variance (ANOVA)

d.f. F-ratio p-value

Place of residence Range −2.069 to 2.974 534 1.761 0.000

Gender 1 5.113 0.024

Male 0

Female 0.093

Age −0.002 1 1.029 0.311

BMI 0.010 1 1.582 0.209

Smoking habit 2 0.174 0.840

Never-smokers 0

Ex-smokers 0.000

Smokers 0.023

Diabetes mellitus therapy (self-reported) 1 0.062 0.804

No 0

Yes −0.021

Hypertension (average blood pressure
≥ 140/90 mm Hg or on treatment)

1 0.014 0.906

No 0

Yes −0.005

Use of nonsteroidal anti-inflammatory drugs (NSAID) 1 3.097 0.079

No 0

Yes 0.114

(ln) Creatinine excretion (mmol/24 h) 0.271 1 2.102 0.147

(ln) Albumin excretion (mg/24 h) 0.080 1 6.189 0.013

(ln) Calcium excretion (mmol/24 h) 0.091 1 3.310 0.069

(ln) Sodium excretion (mmol/24 h) −0.010 1 0.013 0.908

(ln) Potassium excretion (mmol/24 h) −0.137 1 1.690 0.194

(ln) Urea excretion (mmol/24 h) 0.098 1 0.456 0.500

Type of water consumed 4 4.501 0.001

Exclusively tap water −0.260

Mainly tap water 0

Exclusively water from bottles 0.182

Mainly water from bottles 0.087

Sometimes one, sometimes the other* 0.030

Running tap water before consumption 1 0.714 0.398

Yes 0

No 0.027

* Including 11 participants who responded with “I do not drink water”
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age, ENNS, survey years 2006–2007) [41]. The Centers
for Disease Control and Prevention (CDC) reported a uri-
nary uranium concentration median of 5 ng/l for the US
population (n = 1715, 20 years of age and older, NHANES,
survey years 2011–2012). The same median was found in
the subsequent survey from 2013–2014 (n = 1811) [45].
In Canada, median urinary uranium concentrations of both
survey cycles 1 and 2 were below the respective LOD
of 9 ng/l (n = 3474, 20–79 years of age, survey years
2007–2009) and 10 ng/l (n = 3635, 20–79 years of age, sur-
vey years 2009–2011) [46, 47]. A further study was car-
ried out in Finland (n = 951, 18–66 years of age, overnight
urine samples), where 73% of the collective showed a ura-
nium concentration below the LOD of 10 ng/l [15]. In Ger-
many, samples from a student collective aged between 20
and 29 years are collected annually for the Federal Envi-
ronmental Specimen Bank. For the 24-hour urine, an over-
all uranium median of 6.1 ng/l was obtained for the survey
years 2001–2009 (n = 3840), as well as 5.9 ng/l for the sur-
vey year 2011 (n = 424) [48].

Different explanatory variables were evaluated for the sta-
tistical GLM model. The estimated glomerular filtration
rate (eGFR), which represents an overall index of kidney
function [49, 50] was not considered as a model variable in
order to prevent the reduction of the collective size by the
participants who refused a blood withdrawal. The exclu-
sion of the eGFR as an independent explanatory variable
did, however, not alter the output of the GLM model and
the variable itself was not statistically significant (data not
shown).

The difference in urinary uranium excretion between men
and women was small but statistically significant within
the GLM model (p = 0.024). No difference in urinary ura-
nium excretion between genders was found in several oth-
er studies [41, 51–53]. Higher levels in men than women
were observed in Germany at each repetition of the human
biomonitoring studies (Humanprobenbank) [48], but only
for the 24-hour urine samples. No gender difference was
detected when whole blood or plasma samples of the same
collectives were analysed. On the contrary, Berglund et al.
[54] reported higher uranium excretion in women than in
men in a rural population from Bangladesh.

Urinary uranium excretion was not associated with age in
the present study. Other authors have reported mixed find-
ings on the influence of age on uranium excretion. While
some studies reported a positive association [33, 41], oth-
ers were in line with our results [52, 53].

The smoking habit of the participants did not significantly
affect the uranium excretion of the current study. In liter-
ature, a difference between smokers and non-smokers was
both confirmed [41, 55] and not found [56].

Finally, a significant relation between uranium excretion
and albumin excretion was revealed. Data analysis by
means of a two-sample t-test on naturally log-transformed
uranium excretion between participants with normal and
elevated albuminuria did not, however, allow a better un-
derstanding of this relation (p = 0.949) (elevated albumin
excretion ≥30 mg/24 h [57], n = 70). Furthermore, as an in-
creased albumin excretion could also be caused by diabetic
nephropathy [58], the GLM model was recalculated after
exclusion of all participants with ongoing diabetes mellitus
therapy (n = 44). The overall result of the GLM model re-

mained thereby unchanged, but the p-value of the albumin
excretion was now only marginally significant (p = 0.045).
Hence, diabetes mellitus seems to affect albumin excretion
to a greater extent than uranium exposure.

Findings reported in previous studies on correlations be-
tween uranium exposure and albuminuria or other kidney
function parameters are inconsistent [17, 37, 39, 56, 59].

In conclusion, based on the measured data, a substantial
health risk attributable to uranium exposure is, at the cur-
rent knowledge, unlikely for the general adult population,
despite the presence of naturally occurring uranium in
Swiss soils and water. Nonetheless, the assessment of pos-
sible health impacts through uranium such as renal dys-
function remains difficult, as the current biomarkers are
not specific for the effects caused by chronic uranium ex-
posure. Future advancement in analytics might discover
specific biomarkers with the potential to reveal underlying
yet unknown mechanisms on chronic low-dose uranium
contamination. Appropriate measures will be necessary if
they prove to be harmful to health.
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