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Abstract

Uranium is a naturally radioactive element, which is usually found in soils, superficial and 
ground water, vegetables and animals. After ingestion by human beings, most is excreted 
in few days by feces and urine, without reaching the bloodstream. However, a small part 
circulates through the body, being accumulated in the soft tissues, as kidneys. A minor 
fraction can remain in bones per some years, being able through the radioactive decay to 
irradiate adjacent tissues. Phosphate fertilizers used in conventional crop management can 
present variable amounts of uranium. In accordance with origin and use, the fertilizer can 
raise the content of this element in vegetables, and consequently to increase the human 
exposure for radiation due the consumption of vegetables. It is estimated that the use of 
phosphate fertilizer has at least doubled the prolonged exposure of humans from 
ingestion of food. This work aims to evaluate the contribution of organic and chemical 
fertilizer on the concentration of 238U in vegetable samples. An experiment with black 
beans (a very important vegetable for Brazilian people) was conducted in a field which 
soil has never been fertilized with any sort of fertilizer, located near to the Rio de Janeiro 
city. On the organic management, bovine manure was used, while on conventional 
management urea, potassium chloride and superphosphate were used. Simultaneously, 
black bean samples from not fertilized management were collected. In addition, lettuce 
and carrot samples from organic and conventional managements were collected in Nova 
Friburgo farms (the most important vegetable supplier of Rio de Janeiro city market). The 
analyses of 238U have been carried out by conventional fluorimetric method. The 
geometric mean of 238U concentrations in the carrot and lettuce samples from conventional 
management were similar with those from organic management, while for beans the 
conventional samples had higher values than those ones found in organic management. 
The obtained data pointed out a higher influence of the phosphate fertilizer on U input to 
beans than the organic fertilizers.

1. INTRODUCION

Phosphate fertilizers used in agriculture usually contain traces of heavy metals, such as arsenic, 
cadmium and the naturally occurring radionuclides, originated from the rock phosphate employed 
as a source of phosphorous [1]. Uranium contents in rock phosphate in deposits around the world 
ranges from 3-400 mg.kg-1 and the reported U levels in phosphate fertilizers vary in the range of 
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3 to 580 mg.kg-1, depending on the origin of the rock phosphate and the type of fertilizer [2]. The 
regular application of fertilizers, during some crop cultivation cycles, can increase the 
concentrations of metals in soil. In addition to that, the chemical form of the added metals can 
modify metals available for plants. It is estimated that the use of phosphate fertilizer has at least 
doubled the prolonged exposure of humans from ingestion of food, with increases up to one order 
of magnitude or more in the radionuclide concentration levels in foodstuffs [3].

The uptake of elements by vegetables depends on several factors including environment 
characteristics, vegetal species and on the agricultural system applied. In this way, the agriculture 
system and the type of fertilizer used are important factors influencing the availability of 
elements to plants. Conventional, organic and hydroponic systems are the most applied 
commercial agricultural systems. Phosphate fertilizers are used in the conventional agriculture 
management, while organic agriculture uses only organic fertilizers, as bovine manure. The 
hydroponic system is the cultivation of plants in nutrient-enriched water (nutrient solution), with 
or without the mechanical support of an inert medium such as sand or gravel. The phosphate 
compounds are present in the nutrient solution. Although the vegetables cultivated in the organic 
and hydroponic management systems are usually more expensive than that from conventional 
management, the consumption of organic and hydroponic products are increasing, due to public 
concern on food contamination.

The chemical toxicity of uranium is greater than its radiological toxicity. Depending on dose, 
route of intake and chemical form, the exposure to uranium compounds can produce effects in a 
variety of organs, including kidney, liver, lung, cardiovascular and the central nervous system 
[4]. 

The soil-to-plant nuclide transfer is estimated by the transfer factor (TF), a parameter that 
assesses the vegetal uptake of radionuclides present in the soil. This parameter is a rate between 
the radionuclide concentration in the plant tissue (in Bq.kg-1 dry matter) and its concentration in 
the soil nearby the plant’s roots (in Bq.kg-1, dry soil mass) [5].  Although a set of TF data can be 
found in literature, a large range of values and lots of contradictory facts have been accumulated 
as well, indicating the dependence of TF on soil properties, agricultural management and on the 
regional conditions [6]. Therefore, it is important to estimate TF values of radionuclides for 
vegetables grown in the region of interest.

The objective of this research was to investigate the influence of fertilizers and agricultural 
management on 238U contents in vegetables. The concentrations of uranium in the phosphate and 
organic fertilizers were determined, and soil to plant transfer factors for bean, lettuce and carrot 
were estimated.

2. MATERIALS AND METHODS

Owing to its high contents of trace elements and to its high consuming rate, black bean 
(Phaseolus vulgaris) was considered the critical foodstuff in the diet of the Rio de Janeiro city 
inhabitants [7]. Therefore, it was chosen for this study together with lettuce (Lactuca sativa), 
representing leaf vegetables, and carrot (Daucus carota), representing root vegetables.
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Soil, irrigation water, fertilizers and vegetal samples (lettuce and carrot) had been collected in 
farms of Nova Friburgo region, which supplies the major part of the vegetables consumed by the 
Rio de Janeiro city inhabitants. 

The study of 238U uptake by black bean was carried out at on the Avelar Experimental Farm at 
Paty do Alferes city, in an area that had never been cultivated and whose soil has never been 
fertilized with any sort of material. Two plots for each management (organic and conventional) 
were cultivated. The soil fertilization was performed taking into accord the soil and the plant 
characteristics. Fertilization with bovine manure (15 t.ha-1) was used for the organic management, 
while urea, potassium chloride and single superphosphate (300 kg.ha-1, 250 kg.ha-1 and 300 
kg.ha-1, respectively) were used for the conventional management. Samples of the plot soils were 
collected before and after the bean plantation. Additionally, soil and black beans samples were 
collected from a cultivated area in the experimental station in which no fertilizers were used on 
that crop cultivation cycle (subsistence management).

The vegetable samples were washed, peeled when necessary (in the case of carrots), dried in air 
and weighed for determination of fresh mass. Afterwards, the samples were oven dried at 105 C 
for approximately 16 h and weighed again for dry mass determination. The samples were then 
ashed for 24 hours in an oven at 450ºC [8]. Soil and fertilizer samples were air dried, crushed and 
sieved (2 mm). 
238U was determined by conventional fluorimetric method. The procedure involves sample 
decomposition, extraction of uranium with trioctylphosphine oxide and fluorimetric analysis of 
the organic phase. The method is based on the comparison of the fluorescence of a known 
standard with a sample of similar but unknown concentration in LiF/NaF fluorescence-enhancing 
reagent [9].

As the 238U analytical methods is used in a routine basis at IRD laboratories, its performances are 
routinely tested through participation in inter-laboratory exercises organized by different 
international organizations, such as EML/USDOE, New York; MAPEP/RESL/USDOE, Idaho 
Falls, and the PNI/IRD/CNEN, Rio de Janeiro [10].

3. RESULTS AND DISCUSSION

The chemical fertilizers showed a wide range of uranium concentrations, which is presented in 
Table I. In general, the uranium concentrations are relatively low and the values fall in the lower 
range of the values reported in literature [2].

Among the phosphate fertilizers, 238U concentration ranged from 4 to 319 Bq.kg-1. The uranium 
concentrations in the hydroponic nutrient solutions presented the lowest values, while the highest 
concentrations were found in the single superphosphate fertilizer samples. This highest content of 
radionuclides in the superphosphate is explained by its processing production. Superphosphate is 
made from direct acidulation of rock phosphate with sulfuric acid. After some days of the acid 
contact with the rock, the material is ground and sieved and the powder is used directly as 
fertilizer. On the other hand, a mixture of three ingredients makes NPK fertilizers. One of them is 
P2O5 that is produced from the phosphoric acid obtained by leaching of rock phosphate with 
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sulfuric acid. Therefore, the influence of the rock phosphate metal content on superphosphate 
composition is higher than that in the NPK fertilizer composition.
The values of concentrations in organic fertilizers varied from 3.8 to 51 Bq.kg-1 for 238U. It is 
interesting to note that some organic fertilizers showed uranium concentrations similar to those 
ones found in phosphate fertilizers.

Table I. Concentrations of 238U (Bq.kg-1) in fertilizers and nutrient solutions (Bq.l-1) used on 
lettuce and carrot crops and in the bean experiment.

Fertilizer 238U

Nutrient solution A <0.0001
Nutrient solution B <0.003

NPK 4-14-8 7.7 ± 0.1
NPK 4-14-7 4.0 ± 0.1
NPK 12-4-12 68 ± 1
NPK 12-6-12 59 ± 1

Superphosphate 319 ± 5
Bovine manure 13.0 ± 0.2
Bovine manure 3.8 ± 0.8

Organic compost 51 ± 1

Low values of  238U concentrations were found in the irrigation waters: from <10-4 to 1.03 10-3

Bq.l. The values fall in the lower range of values reported in literature for natural waters and 
show the low influence of the water on the radionuclides content in the studied vegetables.

The geometric mean and geometric standard deviation of uranium concentrations in the soils of 
the bean experiments are showed in Table II. The comparison of the mean and the standard 
deviations indicated no differences between the uranium concentrations in organic, conventional 
and subsistence soil samples (t-test and F-test, P 0.05).

Table II. Geometric mean and geometric standard deviations (δ) of 238U concentrations 
(Bq.kg-1) in soil sample of bean crops.

Crop 
Management N 238U

Convencional 6 32 (δ=1.0)

Organic 6 32 (δ=1.1)

Subsistence 3 28 (δ=1.2)
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Considering the plot area of 20 m2 and the depth of 20 cm (average deep fertilizer), the amount of 
fertilized soil was approx. 4000 kg for each plot. The estimated content of radionuclide in soil is 
app. 112000 Bq of U. The amount of 238U added on each plot soil by the superphosphate 
fertilization was estimated to be 190 Bq, while the fertilization with bovine manure enhanced 8 
Bq of 238U in the plot soil. Hence, as expected, the fertilizers did not increase the radionuclide 
concentrations in soil in a significant way, due to the natural uranium concentrations in the soils, 
the low uranium concentration in fertilizers and the fertilizer amount employed. Therefore, the 
difference between the radionuclide uptakes by the vegetables grown in the two crops will 
depend on the radionuclide availability in each fertilizer.

The geometric means and geometric standard deviations of uranium in vegetables and the values 
of soil to plant transfer factors are presented in Table III. 

Table III. Geometric means and geometric standard deviations (δ)  of 238U concentration in 
vegetable samples from different agriculture managements and soil to plant transfer factor 

values.

Vegetable
 Crop 

Management
N

Concentration in the 
vegetable (Bq. kg-1

dry)
Soil to Plant

Transfer Factors
conventional 6 0.012 (δ=2.10) 3.88E-04 (δ=2.09)
organic 6 0.006 (δ=1.70) 1.55E-04 (δ=1.55)

Black bean 
(Phaseolus 
vulgaris)

subsistence 3 0.004 (δ=1.39) 1.48E-04 (δ=1.39)
conventional 4 0.70 (δ=2.17) 1.37E-02 (δ=1.56)
organic 4 0.52 (δ=1.87) 1.53E-02 (δ=1.96)

Lettuce
(Lactuca 
sativa)

hydroponic 4 0.24 (δ=2.12) ---------
conventional 3 0.05 (δ=1.27) 1.64E-03  (δ=1.19)Carrot

(Daucus 
carota)

organic 4 0.06 (δ=1.70) 2.39E-03 (δ=1.73)

The distribution of the concentrations of the U in bean samples cultivated in organic and 
conventional agriculture system as well as the cultivated without fertilizer usage (subsistence 
agriculture) is shown in Figure 1.  The statistic test indicated a higher 238U concentration in the 
conventionally cultivated beans than in the organic ones (t-test and F-test, P 0.05), while the 238U 
content in beans from subsistence agriculture did not significantly differ from organically grown 
one. The results suggest that the phosphate fertilizer influences the 238U concentrations in bean 
crops. 

The data for the carrot samples showed similar geometric means for organic and conventional 
concentrations and no difference was found between the mean of concentrations of the isotope in 
lettuce samples from the organic, conventional and hydroponic crops (t-test and F-test, P 0.05). 
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The estimated values of soil to plant transfer factor (TF) are shown in Table III. The data stresses 
the results observed by the radionuclide concentration assessment. Reflecting the phosphate 
fertilizer influence on beans, the TF values for uranium for the conventional management was 
higher than those found for organic and subsistence crops. Regarding lettuce and carrot, uranium 
had similar TF values for organic and conventional crops. In general, the TF observed values fall 
in the range recommended by IUR (1989) [5]. The data obtained show the higher influence of the 
vegetable type than the agricultural management on the radionuclide transfer from soil to plant.

Figure1. Box plot of concentrations of 238U in bean samples from different crop 
managements.

4. CONCLUSION

The uranium concentrations in the phosphate fertilizer analyzed are relatively low and the values 
fall in the lower range of the values reported in literature. Some organic fertilizers showed 
uranium concentrations similar to those ones found in phosphate fertilizers. Among the studied 
vegetables the highest concentration of uranium was found in lettuce, followed by carrot and 
bean samples. The results indicated an increase of uranium concentration in bean sample due to 
phosphate fertilizer, while the influence of the phosphate fertilizer on the uranium content in the 
carrot and lettuce samples was not observed. 
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