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Abstract. It was the objective of this contribution to provide a comprehensive 

synopsis on the significance of the dispersion of uranium in the environment by 

common fertilizer practices. Recent studies revealed that uranium originating from 

fertilizers accumulates in soils over time and thereby increases uranium losses to 

water-bodies. Studies on the uranium content in soils and surface waters in rela-

tion to fertilizer practice substantiate such coherence. The most efficient and sus-

tainable solution to the problem is the extraction of uranium from fertilizers. 

Toxicological significance of uranium 

Uranium (U) is a natural, chemo toxic and radiotoxic heavy metal. With view to 
the overall level of radioactivity in the environment U is certainly only a minor 
source of concern (Falck and Wymer 2006). The biochemical toxicity of the heavy 
metal U is estimated to be six orders of magnitude higher than the radiological 
toxicity (Milvy and Cothern 1990; NRC 2005). Compared to other heavy metals, 
the chemical toxicity of U ranges between mercury and nickel, or christoballite 
and warfarin (Busby and Schnug 2008).  

Uranium shows toxic effects on all forms of life: The most common and unspe-
cific one is DNA damage followed by mutations (Envirhom 2005; Henner 2008; 
Lin et al. 1993; Thiebault et al. 2006). The effect of U on DNA is a sinister com-
bination of the biochemical and radiological toxicology of U. Uranium builds up 
in living systems inter alia due to its high affinity to phosphorus containing com-
ponents such as DNA (Busby and Hooper 2007). Once attached to the DNA U 
amplifies natural background radiation and causes through photoelectron en-
hancement effects damages to the DNA. This effect occurs to an excess that is ob-
viously much stronger than that from α-radiation of U (Busby, 2005; Schmitz-
Feuerhake and Bertell 2008). Bishop (2005) proposed also a signaling from 
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radiated to neighboring cells, which received no direct radiation so that cellular 
damages are multiplied. 

The older an individual is, the higher will be the amount of U that is accumu-
lated. This implies that the risk for contracting damages from U generally increas-
es not only with the amount, but also with the time of exposure and thus with age 
(WHO 2004).   

Mammals have a particularly high sensitivity against U (Fellows et al. 1998). 
Uranium tends to accumulate in the body, preferentially in kidneys, liver, spleen 
and bones. Uranium is a popular and long known nephrotoxin (Blantz 1975, Bo-
shard et al. 1992; Flamenboum et al. 1976; Lin and Lin 1988; Lin et al. 1993; Za-
mora et al. 1998). The most remarkable damage of U coming along with low and 
medium contaminations is cancer (Linsalata 1994). The studies of Envirhom 
(2005) revealed that the brain is a target for U toxicity, too. Its sensitivity seems to 
be similar to that of kidneys (Envirhom 2005).  

Uranium in food and uranium uptake by humans 

Under non-exposed conditions the daily intake of U from air by humans amounts 
to about 1 ng U (WHO 2004). Uranium in soils enters the food chain indirectly 
through plant uptake or directly through consumption of U in drinking waters. The 
transfer of U from soil to plant is significantly higher for vegetative than for ge-
nerative plant parts. Concentration factors for U are around 0.05 and similar to 
that determined for As, Co, Hg and Pb (Schick et al. 2008).  

With view to food, lowest U concentrations were found in seeds, leaves and 
fruits, while approximately three times higher U contents were found in meat. For 
meat the ranking poultry < pork < beef reflects the animals lifespan and thus ac-
cumulation of U. The highest concentrations of U occur in offal and shellfish 
(Schnug et al. 2005).  

A human has an average daily U intake of around 2.5 µg U when a simplified 
daily diet of 2000 kcal is assumed with 60% cereals and cereal products (1.5 
µg/kg U), 20% meat and meat products (5 µg/kg U), 10% vegetables (2 µg/kg U) 
and 10% fruits (1 µg/kg U) (Schnug et al. 2005; Pais and Benton Jones jr. 1997; 
WHO 2004). Even a carnivore with a skewed affectation for offal or shellfish 
might increase this value only to at maximum 4 µg U, while a strict vegan cannot 
reduce the value below 1 µg U.  

In contrast to solid food, the U concentration in drinking water has a distinctly 
stronger influence on the daily U intake by humans (Cothern and Lappenbusch 
1983; Schnug et al. 2005). Water is the most significant factor for the daily 
amount of U taken up by an individual. The intake of U by water can exceed the 
intake through solid foods in extreme cases by factor 10 and more if the daily wa-
ter consumption is 2 L (40 mL/kg body mass according to Heseker (2005)). Thus 
the evaluation of the U intake by humans requires comprehensive information 
about U concentrations in drinking waters. 
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Environmental loads of uranium originating 
from fertilization 

The most likely largest non-point source emitters of U in Germany are agriculture, 
horticulture and forestry through the use of mineral phosphorus fertilizers. Even 
under conditions of good agricultural practice (Sharpley and Withers 2004) the 
annual amount of U unconsciously dispersed in the environment amounts on an 
average to 10 g/ha (Kratz et al. 2008). Depending on fertilizer type and intensity 
this U accumulates in soils with rates between 1- 46 µg/ha·yr (Rogasik et al. 2008; 
Taylor and Kim 2008). Utermann and Fuchs (2008) estimated that in Germany the 
mean U content in arable soils is 0.15 mg/kg higher than in soils under forestry. 
This difference can be completely explained by 45 years of cropping with phos-
phorus fertilization in an agricultural production system operating on a typical in-
tensity level.  

Fertilizer derived U in soils is prone to easy leaching, because U is compara-
tively mobile under pH and redox conditions of typical soils that underlie anthro-
pogenic management (Jaques et al. 2005; Read et al. 2008). Transfer of U origi-
nating from fertilizers into water bodies is a fact and was proven in numerous 
research projects (Azuoazi et al. 2001; Barisic et al. 1992; Conceicao and Bonotto 
2000; Hule et al. 2008; Kobal et. al. 1990; Zielinski et al. 1995). Already in 1972 
Spalding and Sackett attributed increased U concentrations in North American 
rivers of ~ 0.7 - 0.9 µg/L U, compared to ~ 0.1 - 0.2 µg/L U in South American 
rivers (Cothern and Lappenbusch 1983), to the use of phosphate fertilizers in the 
region. Also Birke and Rauch (2008) found elevated U concentrations in river wa-
ters in some regions of Germany. The authors could not fully explain the data by 
geological factors and assumed that agricultural activities are accountable.  

Most recently evidence was provided that, in full accordance with the prognosis 
of Jacques et al. (2005 & 2008), U originating from fertilizers starts to contami-
nate groundwater bodies and finally shows up in drinking waters: 

Schäf et al. (2007) found a close correlation between U and nitrate in drinking 
waters from the Rhine-Neckar region. Nitrate is like U easily mobile in soils, in-
creases in ground and drinking water with fertilizer intensity and thus seems to be 
a suitable indicator for monitoring U transfer from fertilizers to waters. 

Schulz et al. (2008) report twice as high U concentrations in drinking waters 
collected in former West Germany compared to former East Germany. A reasona-
ble explanation is given by the facts that in the former East fertilization intensity 
was significantly lower and phosphate fertilizer products were employed, which 
had a lower U content than those used in the West. Consequently Rogasik et al. 
(2008) determined significantly higher amounts of U that accumulated in long-
term phosphorus fertilization experiments in soils of the former East than in West 
Germany (Rogasik et al. 2008). 

Knolle (2008) showed that the variability of boron concentrations explain a 
significant amount of the U concentrations in German tap waters. Boron is like U 
applied in significant amounts with phosphorus fertilizers: FAL-PB (2007) reports 
boron concentrations between 200 and 800 mg/kg B in various phosphorus 
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containing fertilizers, which makes the amount of boron applied with phosphorus 
fertilizers five times higher than the amount of U applied. Boron is like U easily 
mobile in soils, which makes it prone to leaching and hence a suitable indicator 
for monitoring the U transfers from fertilizers to waters. 

Finally, leaching of fertilizer derived U from soils to water bodies is expected 
to increase in the Northern hemisphere in the course of global climate change be-
cause of increased rainfall during summer.  

Controlling loads of uranium originating from fertilizers 

With view to the negative impacts of U on humans and environment the ‘Precau-
tionary Principle’1 should be applied in order to protect water bodies from anthro-
pogenic U contamination. Particularly soils deserve to be protected from U con-
tamination through fertilization, as they are the most vulnerable interface between 
agriculture and adjacent ecosystems. In this context it is more than surprising that 
U is the only toxic heavy metal for which no critical or guideline values in soils 
exist, which address the protection of soils and water bodies, respectively (Ekardt 
and Schnug 2008). Only Canada released most recently a soil quality guideline 
value for the protection of both human and environmental health of 23 mg/kg U 
soil with the restriction that a lower content may need to be considered on sites 
where drinking water is sourced (CCME 2007).  

The most effective measure to limit loads of fertilizer derived U to soils is to 
regulate U concentrations in fertilizers. Uranium is easy to separate during the 
manufacturing process of fertilizers (Kratz and Schnug 2006; Hu et al. 2008) and 
then no longer threat to health and environment, but a source of energy and a re-
source for chemical processes (Lindemann 2007; Hauser and Meyer 2007; Hu 
et al. 2008). Regulating U in fertilizers would be a significant contribution to pre-
vent disease in humans through healthy environments (Prüss-Üstün and Corvalán 
2006). 
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