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Abstract

In a project sponsored by the NUCLEBRAS, were mapped uraniferous anomalies in the municipalities of Pedra and Ven-
turosa, in the rural region of Pernambuco, Brazil. As these municipalities are the main milk producers in this State, it was
of interest in this work to investigate the levels of natural uranium in milk, curdled cheese and milk whey, produced by the
cattle in these districts and nearby areas. Conventional uranium fluorimetry was used for analyses. The concentrations of
uranium were higher in the milk whey. The milk and cheese produced in this area are insufficient to produce toxicity in the
kidneys of humans.
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Introduction to the cattle to improve reproductive efficiency and increase
milk production. The mineral supplement is in most cases
a mixture of common salt and concentrated mineral salt
[1]. This mixture contains a significant amount of dical-

cium phosphate which is the main source of phosphorus for

Milk is an important source of nutrients for all ages. The
presence of radionuclides in milk can be related to the use of
phosphate fertilizers in herbaceous crops and forage grasses.
Another important factor is the mineral supplement given
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cattle. This compound is known to have high concentrations
of natural radionuclides due to its phosphate origin [2].

The presence of natural uranium in products of animal
origin also depends on the animal species, the characteris-
tics of the radionuclide, as well as its metabolic behavior in
the animal and the incorporation process [3]. Ruminants are
animals that consume considerable amounts of soil while
grazing, so that soil intake is potentially important for the
presence of radionuclides in the food chain. The amount of
radionuclide ingested will depend in part on the amount of
soil, which varies according to the climate and the animal
species [4]. In the daily intake of pasture containing natu-
ral uranium, 1% is absorbed by the intestine and 0.014%
is present in each liter of milk produced. The daily intake
of 0.4 mg of uranium, can cause moderate effects (kidney
toxicity) in dairy cattle [5]. Studies by Thornton and Abra-
hams [6] estimated that the intake of soil by the bovine could
represent up to 18% of the daily intake of dry matter. There-
fore, the involuntary ingestion of soil by animals becomes a
potentially important factor to explain the presence of radio-
nuclides, as in the case of natural uranium, in the human
food chain.

Despite the concern to monitor the levels of radioactiv-
ity in milk and milk products in developed countries, data
on the subject in Brazil are rare. In the northeast region,
there are few studies focused on the subject [7-9]. In 1975,
the Brazilian Nuclear Corporation (N UCLEBRAS) together
with the Geological Survey Company of Brazil (CPRM) car-
ried out a study of radiological prospecting in the states of
Pernambuco, Alagoas, and Sergipe [10, 11], this study iden-
tified 263 anomalies in which only Pernambuco showed a
significant concentration of uranium.

TIAEA [12] Technical Document TECDOC-1363 consid-
ers as one of the main characteristics in the identification of
uranium anomalies that U(+III) concentration on the ter-
restrial surface is in the range of 4-20 ppm eU (equivalent
to 49.4-247 Bq kg~! uranium).

In 1977, NUCLEBRAS supported a project to conduct
geological and radiometric mapping in the municipalities
of Pedra and Venturosa, in Agreste region of Pernambuco
state, with the aim of identifying anomalous areas where the
occurrence of natural uranium was higher than normal [11].

The discovery of higher than normal uranium in these
municipalities raised interest in the occurrence of natural
radioactivity since approximately 10% of the milk produc-
tion in the state of Pernambuco is concentrated in these
municipalities. The farms commercialize a portion of the
milk produced and the other part is used as raw material for
the dairy factories of the referred state. The feed crops used
as feed for cattle is produced exclusively from vegetation
grown on these farms. Part of the farms that breed cattle is
in areas where there is the anomalous occurrence of natural
uranium.
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The main objective of this study was to evaluate the quan-
tity of natural uranium in cow’s milk and in milk products,
produced in the farms located close to areas where natural
uranium is elevated. The results of the study will provide
values for annual effective ingestion dose and the estimation
of the uranium intake by the local population.

Experimental
Study area

The studied area is located in the semi-arid region of the
municipalities of Pedra and Venturosa, in the northeast
region of Brazil, where the occurrence of uranium is higher
than normal. Farms selected for this study had the highest
milk production with approximately six thousand liters in
the period of the research. A representative map (Fig. 1)
identify all the farms classified by codes from FO1 to F09.
During the collection procedure, FO7 farm was identified as
one of the places included in the 1977 NUCLEBRAS survey
project. Control locations were used as a reference for natu-
ral uranium background and samples from these locations
(F10 and F11 points in Fig. 1), were collected samples in the
municipalities of Sdo Bento do Una and Arcoverde, which
are 70 km and 35 km from the anomalous natural uranium
occurrences, respectively.

The region of these municipalities presents a warm and
dry climate. Average annual temperatures range from 24 to
26 °C. However, in the warmer period, months of December
to February, the temperature varies from 26 to 33 °C and,
in the coldest months (June to August), it varies between
16 °C and 26 °C.

The geology of the region is characterized by the pres-
ence of amphibolitic calcium-silicate rocks. This type of
rock usually does not have associated uranium, however,
the average uranium content determined by NUCLEBRAS
was 10,000 ppm, much higher than those found in other
locations [9].

Sample collection and preparation

Twenty-three samples of milk and milk products that were
produced on farms and dairy factories located in the region
highlighted in Fig. 1 were analyzed. In addition to milk,
samples of curdled cheese and whey were collected from
ten dairy factories that were supplied by some of the farms
in this study. Whey was also collected since it is used to
produce yogurt and ricotta cheese and it is also widely used
by farmers to feed various animals (young and adult calves,
heifers and cows) as well to fatten pigs. The same amounts
of samples were collected in June 2002 (rainy season),
December 2003 (dry period) and May 2004 (rainy season).
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Fig. 1 Map of location of sampling points

Samples of cheese were weighed, divided into small
parts and dried in an oven at 80 °C for 24 h to determine
dry weight. After drying, samples were placed in a muffle
where the temperature was raised gradually over a period
of 48 h to 450 °C. The samples remained in the furnace
for an additional 48 h period to destroy all microorganisms.
After determining the final ash weight, samples were sealed
in polyethylene containers. All processing was performed
at Radioecology Laboratory and Environmental Control
(LARCA) belonging to the Department of Nuclear Energy
of the Federal University of Pernambuco.

The milk samples were transferred to 2000 mL glass
beakers and evaporated on a heating plate at a temperature
of 70 °C for 96 h. After drying, the milk samples were baked
following the procedure described above. Aliquots of two
grams of ash were dissolved in 10 mL of HNO;, 3 mL of
HCIO, and 5 mL of 8 M HNO;. Once dissolved, the solution
was raised to 50 mL with distilled water.

Radioactivity measurement

For uranium determination, conventional fluorimetry was
used. This technique involves the extraction of natural ura-
nium with an organic solvent followed by a fluoride fusion
and measuring the uranium fluorescence with a Jarrel-Ash

Mod. 27-000 fluorimeter. Uranium fluorimetry was per-
formed at the Department of Nuclear Energy.

Uranium extraction was performed in 100 mL poly-
ethylene tubes using 20 mL aliquots of each sample with
the addition of 1.0 mL of saturated AI(NO;); and 1.0 mL
of trioctylphosphine oxide (TOPO). Extraction was also
performed using samples containing a known amount of
uranium. The polyethylene tubes contained the samples
were agitated on a mechanical table for 10 min and the
solution was transferred to glass tubes with pre-defined
volumes, which were produced specifically for that study.
After transfer, the samples were allowed to stand for 1 h to
separate the organic phase. Thereafter, a LiF/NaF mixture
was prepared.

The pellets used to melt the natural uranium are gener-
ally composed by a high concentration of fluorides and/or
compounds with a high concentration of carbonates. As a
result of 1% LiF a 2% creep composition with 98% NaF was
found to be an ideal composition for fluorimetry. One way
to deal with this issue was sensitivity and precision [13].
Fluorides with organic aliquots containing extracted natural
uranium is a uranium fluorescence compound which, once
excited by the ultraviolet light of the fluorimeter, produces
a fluorescence that is picked up by the fluorimeter, where a
uranium concentration reading occurs.

@ Springer
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For analysis, 0.1 mL of the organic phase the standards
and the deionized water were transferred to the platinum
crucibles containing the fluoride mixture, which were oven
dried at 130 °C for 30 min and melted in a standard specific
oven at 1000 °C for 6 min.

The uranium standards were produced in the LARCA
using uranyl nitrate and standardized according to the IRD
Intercomparison Program [14]. Quality control samples
included three duplicate samples of milk ash with and with-
out addition of uranium.

Calibration model

For the calibration of the fluorimeter, secondary uranium
standards were used, with concentrations certified by the
Institute of Radioprotection and Dosimetry of the National
Nuclear Energy Commission in Brazil.

The mathematical models and their respective calibra-
tion functions were determined by correlating the uranium
contents in the standards and the values of the electric
current recorded in the scales of the equipment, consider-
ing that there is direct proportionality between these two
measurements.

Due to the differences in the concentrations of the
standards, the scales of 0.01 pA and 0.1 pA were used.
This method has a detection limit for natural uranium of
0.1 pg L7' (1.24 mBq LY.

For the construction of the calibration model with low
concentrations, secondary patterns of 2, 3, 4, 5 and 6 ppb
were used. In the model with higher concentrations the
standards of 30, 45, 50 and 60 ppb were used. From the data
obtained in the calibration, it was possible to calculate the
results of the present study and formulation in the units of

Results and discussion
Statistical analysis

For the statistical treatment of the data, some of the main
descriptive parameters and non-parametric test were ana-
lyzed, which was the Kolmogorov—Smirnov test with Lil-
liefors correction. The Kolmogorov—Smirnov adhesion test
showed that the results obtained for uranium in milk and its
milk products present significant dispersions, whose distri-
bution tendency does not obey a homogeneous behavior of
the environment.

To quantify the natural uranium ingested, the annual per
capita household food consumption of milk and cheese from
residents of the study area was used [8, 15].

Concentration of natural uranium in milk samples
and milk products

The concentrations of natural uranium in milk samples
obtained from farms FOI to FO9 were represented in a bar
chart (Fig. 2). A large variation occurred in the results, val-
ues ranged from 12 to 1835 mBq L™!, with a median of
99.5 mBq L.

The farms with the highest concentration of natural ura-
nium in milk were farms FO1 and FO9 and are within close
proximity to the main location of elevated natural uranium.
These farms also grow vegetation that is fed to milk-pro-
ducing animals.

The cattle herd of the region also consume mineral sup-
plements and water of the studied region. The chemical
composition of milk probably facilitated the absorption of
natural uranium.

According to Sheppard et al. [16], uranium is easily
adsorbed by organic matter. Primordial studies demonstrated

Fig.2 Concentration of natural
uranium in milk samples
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that the mechanism of fixation at concentrations of uranium
occurring in vivo involves an ionic exchange between ura-
nium in solution and some group (probably Ca) on the sur-
face of the bone crystals [17].

Froidevaux et al. [18], studied the concentration of 90gy,
2380 and other radionuclides in Emmental milk produced in
Europe, and claims that uranium contaminates milk mainly
through the water that dairy cows consume and less through
fodder.

The results of the concentrations of natural uranium, from
samples collected from ten dairy factories, ranged from 2.0
to 3.0 mBq kg~! (dry weight) and from 99 to 3102 mBq kg™
(dry weight), for cheese and whey, respectively (Table 1).
For whey samples it was only possible to collect in five dairy
factories.

The leached of natural uranium occurred into the whey
during the cheesemaking process (Table 1). The dairy fac-
tories present in the region use the milk marketed by the
producing farms. Almost all farms that market milk to the
dairy factories is located close to the occurrence of natural
uranium.

In previous studies [19], analyzes performed in the area
revealed a maximum value of U;0g of 22,000 mg kg~". This
may have given rise to the high values obtained for uranium
in the milk samples in the current investigations, much above
the range reported by other studies (Table 2).

Temporal behavior of uranium content in milk

In order to evaluate the seasonal influence on uranium
behavior in milk, investigations were carried out during peri-
ods with different seasons. Three consecutive years were
studied, 2002, 2003 and 2004 (Fig. 3). For the milk sam-
ples produced on the control farms F10 and F11, a variation
of 9-33 mBq L~! was observed, due to changes in pasture
location of the cattle herd, since the two properties are very
extensive and acquire foods from different regions.

Table 1 Concentrations of natural uranium in milk derivatives

Farm Concentration of uranium (mBq kg~")
Dairy code Cheese Whey
FO3 LT1 20+1.0 -
LT2 3.0+1.0 799.0+108.0
LT3 20+1.0 3102.0+£396.0
LT4 24+1.0 -
FO5 LT1 20+1.0 143.0£19.0
LT2 20+1.0 -
LT3 20+1.0 99.0+13.0
F11 LT1 26+1.0 -
LT2 20+1.0 -
LT3 3.0+1.0 -

Table2 Comparison with worldwide U activity results in sample
milk (mBq L)

Country Uranium References
Pernambuco, Brazil 12-1835 This study
Jharkhand, India 19-33 [20]
Europe 0.103-5057 [21]

The chart of Fig. 3 demonstrates that there is no uni-
form behavior. In farm F10, the highest concentration was
obtained in the year 2002 with a value of 19 mBq L™ and
in farm F11, the highest result was obtained in the year 2004
with a value of 33 mBq L™". As can be observed, there is a
greater similarity of the results for F11 sample with respect
to the others, such as FO2, FO4, FO6 and FO8, once this sam-
ple is closer to these points (35 km), when compared with
the F10 (70 km from the anomalous natural uranium occur-
rences). In addition, the geological formation of each studied
area could have influenced the results obtained.

Analysis of natural uranium intake

The data that defined the average annual intake of natural
uranium through milk and cheese were based on annual con-
sumption per person in the cities of Pedra and Venturosa,
with a value of 183 L and 4.0 kg, respectively [8, 15]. Con-
sidering the median values obtained in the milk and cheese
samples, 99.5 mBq L~! and 2.0 mBq kg™", the annual activ-
ity ingested was 18,208 and 8.0 mBgq, respectively.
According to the studies conducted by Wrenn et al. [22],
gastrointestinal absorption of uranium by standard man
is about 1.4%. Based on studies by this author, the daily

I 2002
404 [ 2003

2004

F10

Control farms

Fig.3 Temporal distribution of natural uranium in control farms
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Fig.4 Annual effective ingestion dose of natural uranium due to con-
sumption of milk and cheese

absorption of 10-30 mg day~! uranium is sufficient to pro-
duce toxicity in the kidneys of adult humans.

Converting the value of the activity ingested in mBq
shown above, for mass unit, we have that the level of intake
per person was 1.47E—3 mg y~! and 6.48E—4 mg y~! of
natural uranium obtained for milk and cheese, respectively.
Thus, based on the levels established by Wrenn et al. [22],
this value is not sufficient to produce toxicity in the kidneys
of an adult.

Dose assessment

In order to calculate the annual effective ingestion dose of
natural uranium (Ej,,), the value of 0.045 pSv Bq~! was used
as the dose conversion factor (e), considering the study made

by Giri et al. and ICRP Publication 119 [19, 20] (Eq. 1).

E, =eXA;xXm (1)

where A, is the specific activity (Bq kg™") and m the annual
intake of milk and cheese per individual (kg y™).

Figure 4 presents these values for farms F03, FO5 and
F11 where samples of milk and cheese were collected in the
respective dairy factories (LT1-LT4).

The annual effective ingestion dose per each farm show
that the highest values were obtained for milk, mainly in
farm F 05 with a result of 5.08 pSv y~!. Concerning cheese
samples, doses in the range of 3.60E—4 to 5.4E—4 pSv y~!
were obtained.

Studying the risk assessment of the ingestion of radio-
nuclides and heavy metal from samples of milk of twelve
villages around an rich area on uranium ore Giri and cols
[23], found the ingestion dose of 0.49 pSv y~'. In this work,
the lowest values for milk were found in F11 farm. This may

@ Springer

be because it is more distant from the occurrence of natural
uranium, as shown in Fig. 1.

Conclusions

According to the results obtained for the concentrations
of natural uranium in bovine milk and its milk products,
consumed in the municipalities of Pedra and Venturosa, the
highest values showed that there is not significant risk to
cause damage to the kidneys of the residents. Particularly
as regards the marketing of its milk products, since the
local dairy industries take as production basis the mixture
of milk produced daily, which minimizes uranium concen-
trations. However, given the local uranium anomaly, guide-
lines should be established to analyze the influence of other
activities in the context of radioecological impact, especially
agriculture, rock extraction, minerals, as well as water use,
mainly from tubular wells.
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