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Abstract

The Brazil nut tree (Bertholletia excelsa) is an accumulating plant and, as such, absorbs metals
from the soil according to the different geographic regions in which it is found. In this context,
some Brazil nuts can exceed the safe level of certain trace elements and thus become toxic to
consumers. To provide risk assessment information, the aim of this study was to evaluate trace
elements and radionuclides found in Brazil nuts from the Brazilian Amazon. Trace elements
were evaluated using ICP-MS, however As, Ca, Cr, Mg, Hg and Pb were not detected. The
levels of Fe, Zn and Ti were within the maximum levels stipulated for Dietary Reference Intake.
The results provide preliminary data concerning the surveillance of antimony (Sb) in the
samples analyzed. Further studies are necessary to evaluate the bioavailability of Sb and other
metals, and the Se mechanisms for detoxifying Sb. Concerning radionuclides, the committed
effective dose was below the established limits by UNSCEAR (2000). In conclusion, the levels
of trace elements and radionuclides in the samples did not levels that could be considered toxic
to human health.
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1. Introduction

Among nuts most consumed by the world’s population, the Brazil nut (Bertholletia excelsa) is
known as an excellent source of proteins and minerals and thus provides health benefits (Rita
Cardoso et al., 2016; Yang, 2009). The Brazil nut tree is a large tree in the Amazon rainforest and
has the capacity to absorb a significant amount of minerals from the soil, of which selenium (Se)
is the primary mineral. This element has already been extensively studied in nuts from different
regions and several studies have proven that the different levels of Se are related to geographical
conditions (Chang, Gutenmann, Reid, & Lisk, 1995; Pacheco & Scussel, 2007). Due to its high
mineral content, some authors have suggested the daily ingestion of two Brazil nuts to benefit
from the antioxidant properties (Thomson, Chisholm, McLachlan, & Campbell, 2008).
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However, several studies report the presence of trace elements and radionuclides that must be
studied to calculate the risks associated with human consumption of Brazil nuts. Radionuclides
and heavy metals are chemical elements present in the environment through naturally
occurring geochemical processes, or as products of industrial or agricultural emissions,
deposition, and disturbances (Mitrovic et al.,, 2019). Knowledge of the range end
concentration of radionuclides in the diet is necessary to be able to quantify the risk of
exposure. This knowledge allows us to identify emerging long-term trends of contamination,
and thus enables possible mitigation before contamination becomes a significant health risk
(Pearson et al., 2016). The estimation of risk to humans through ingestion requires
understanding of the pathways by which the radionuclides are eventually ingested. Some of
radionuclides such as 226Ra, 210Po, 210Pb in the soil are incorporated into the plants and
find their way into the food chain (Chandrashekara & Somashekarappa, 2016). On the other
hand, trace elements, or micronutrients, are important for health in all stages of life and
deficiencies of these substances are linked to several pathologies and, as such, can reduce the
quality of life of the population (Hdler et al., 2018). According to Albuquerque et al. (2020),
these elements can be divided into two groups: toxic elements (As, Cd, Hg, Pb) and essential
trace elements (Co, Cu, Cr, Fe, Mn, Mo, Ni, Se, Zn).

The presence of metals can occur not only due to contamination of the origin, but also due to
inadequate practices, such as the use of chemical agents, such as pesticides in the planting
environments and in vehicles, as well as inadequate storage. Besides the metals, some
radionuclides are present in Brazil nuts such as radium (Ra) and barium (Ba) (Hiromoto et al.,
1996; Venturini & Sordi, 1999). For these elements, the risk of consumption should be
calculated by means of the committed effective dose, which evaluates their propensity to
compromise health, since the ingestion of radioactive foods is associated with greater risks of
occurrence of cancer (Balonov, 2008; Celik, Cevik, Celik, & Kucukomeroglu, 2008).

Given the above, the objective of this study was to evaluate the content of heavy metals and
radionuclides in Brazil nuts from the Brazilian Amazon and compare them with the minimum
permissible daily doses indicated by various health control agencies.

2. Materials and Methods
2.1 Materials

Samples of shelled Brazil nuts of different sizes from suppliers from various regions of the
municipality of Obidos in the State of Par& Brazil, were obtained between 2015 and 2017. In
each yearly harvest, three samples were collected and evaluated. The region in which the
samples were obtained is presented in Figure 1.

796 http://jas.macrothink.org



- Journal of Agricultural Studies
A\\ Mac.rOtthl,,?k ISSN 2166-0379
Institute 2020, Vol. 8, No. 2
{II _'_Fl-mk__-"'\—"'g__.."'rl A l"l_l_
i i P o b
o i S -H".
o Lhw"l. i _II
{ { ! 4‘—«
. (8 ,f”_f .
1 L s B ke
b 2 B eilin.
ey - s i i
- ﬂgﬁm i _F__,-_'.__ =,,.-"|m B
ey ]
,'J? e -"'JI'. Lo o j'u_,-f}?
L e
i/ A it #
/L PARA ¢ /
."'. II ..-""f
II;. .II__,.H_ = [ af:- T
£ % a i :I |
£ g
1 __.-I' :‘__’FF i I
ﬂ'*-.'“‘x { . | LTy
N y ¢ BRAZIL
| | M
- P ] Pt
L ? 5 o
-]

OBIDOS IM THE STATE DOF PARS

Figure 1. Map of the region where sampling was undertaken.
2.2 Methods
2.2.1 Trace Elements

The samples were evaluated for arsenic (As), cadmium (Ca), cromium (Cr), copper (Cu), iron
(Fe), mercury (Hg), magnesium (Mg), lead (Pb), antimony (Sb), titanium (Ti), zinc (Zn) and
barium (Ba) radionuclides. Brazil nuts were triturated in a processor with stainless steel blades
and a polypropylene body to homogenize the samples. The samples were digested in nitric acid
and the concentration of each metal in the samples was measured using Inductive Coupled
Plasma-Mass Spectrometry (ICP-MS), according to AOAC methodology (2016).

2.2.2 Radionuclides

The radionuclides were determined using gamma spectrometry (*°Ra, ?°Ra, ?'°Pb). For
uranium detection, colorimetric reactions were performed with arzenazo Ill and, after the
extractions, the spectrophotometric measurement of the complex at 650 nm was carried out;
Thorium: reaction with arzenazo Ill, after extractions and spectrophotometric measurement of
the complex at 665 nm. The standards used were as follows:
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210pp:N. 27L16 (LNMRI- IRD N.

C/019/A16); ?*Ra:n. 28L.16 (LNMRI- IRD N. C/025/A16); 2’Ra:n. 4339b (NIST N.
SRM4339b); Uranium Reference Standard N ICP-MS-66N-0.1X-1 (AccuStandard N.
3164); Thorium Reference Standard N ICP-MS-61N-0.1X-1 (AccuStandard N. 3159).
2.2.3 Committed Effective Dose

Dose calculations per unit of intake are provided by the International Commission on
Radiological Protection (ICRP). The potential of the radiological impact due to the
consumption of contaminated food is evaluated using the calculation of the committed
effective dose (CED), given by Equation 1:

Equation. 1

DEC(Sv.a ') —e(g) x AXxT.

In which: e (g) is the committed effective dose per unit of intake, or effective dose coefficient;
Ais the average radionuclide activity, and Tc is the annual consumption rate of the given food.

The values for the effective dose coefficient [e (g)] are based on models and metabolic data
used by the United Nations Scientific Committee's evaluation (UNSCEAR, 2000). The
effective dose coefficients for this study were defined by the IAEA (1996).

2.2.4 Statistics

Student's t-test was used to compare the committed effective doses with the established
maximum limit.

3. Results and Discussion
3.1 Trace Elements and Consumption

Minerals and trace elements were found in the samples. In order to evaluate the impact of the
levels of metals in relation to daily consumption, the values of dietary reference intakes (DRI)
(Institute of Medicine, 2002) were used. Table 1 shows the results of the samples as the average
of the values found. In the three harvests, As, Cd, Cr, Mg, Hg and Pb were not detected in the
samples studied. The concentrations of all trace elements found are presented in Figure 2. In
another study, Souza, Vieira, & Oliveira (2009) analyzed Brazil nut samples from markets in
the same state in which we obtained our samples and reported the content of As = 27ug.kg™.
On the other hand, in the samples we found, Cu = 17.1, Fe = 21.3 and Zn = 70.36 mg.kg™,
higher values than those found by Santos et al. (2013) in fresh Brazil nuts from the same state,
with levels of 14.0 and 29.6 and 35.1 mg.kg™, respectively.
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Figure 2. Trace elements found in Brazil nuts from the state of Par& Brazil during three
harvests (2015-2017)

Table 1. Trace elements in Brazil nuts versus consumption

Elements? Brazil nut* DRI (per day)®

RDAC® uL?
Arsenic (As) ND® NR' NR
Cadmium (Ca) ND NR NR
Chromium (Cr) ND 35 mg ND
Copper (Cu) 17.1 +£1.63 900 1o 10 mg
Iron(Fe) 21.73 =18.0 8 mg 45 mg
Mercury (Hg) ND NR NR
Magnesium (Mg) ND 420 mg 350 mg
Lead (Pb) ND NR NR
Antimony (Sb) 0.55 £0.56 NR NR
Titanium (Ti) 0.85 +0.42 NR NR
Zinc (Zn) 70.36 =17.9 11 mg 40 mg

*The results are expressed in average +standard deviation;  Elements expressed in mg.kg;
Data from (Institute of Medicine, 2002), DRI for adults; © RDA: Recommended Dietary
Allowance; Y UL: Tolerable Upper Intake Level; ¢ N.D: not detected in the following limit of
quantification (LQ): As=<0.006; Ca: <0.006; Cr:<0.045; Mg:< 0.006; Pb: <0.01; Sh:<0.045;
Hg:<0.01; "NR: Not reported.

The Fe content (21.3 mg.kg™?) found in the samples was lower than that cited by Moodley et al.
(2007) (74.26 mg.kg™), but it still meets the DRI, as presented in Table 1. This suggests that the
Brazil nuts from this region can be a source of this element, which is a component of
hemoglobin and several enzymes, and acts in the prevention of anemia. However, for
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consumers who adopt the vegan diet, and who use the Brazil nut as a source of Fe, it is
necessary to observe the recommendation of the Institute of Medicine (2002) which states that
the absorption of non-heme iron is lower for those consuming vegetarian diets than for those
eating non-vegetarian diets. Therefore, it has been suggested that the iron requirement for those
consuming a vegetarian diet is approximately 2- fold greater than for those consuming a
non-vegetarian diet. It is also nutritionally important to confirm the presence of Cu in Brazil
nuts, since it is involved in the oxidation mechanism and its deficiency leads to disorders in the
oxidative metabolism of the organism. The level found (17.1 mg.kg?) was close to that
reported by Rodushkin, Engstrén, S&lin, & Baxter (2008), who analyzed two Brazil nut
samples purchased at in retail stores with values of Cu = 22 and 23 mg.kg™. The level of Cu
was below that reported as being able to cause toxic effects, such as gastrointestinal disorder
and liver damage. The samples studied had originally come from a native forest area, in the
State of Parg which naturally presents Zn and Cu contents, as observed in the study by
Guerreiro et al. (2017).

Environmental and soil contamination by Cu can occur through the application of copper
sulphate in the crop area, due to Cu’s fungicidal and bactericidal properties. Nevertheless, the
levels found were below the value of 19.6 mg.kg™, as reported in other studies (Welna, Klimpel,
& Zyrnicki, 2008). As for the Zn content (70.36 mg.kg™?), it was close to 92.8 mg.kg?, as
reported by other authors (Naozuka, Marana, & Oliveira, 2010). The presence of Zn may be
beneficial and suggests the need for further studies on the organic or inorganic form in which
Zn is present in the nut, in order to reinforce the concept that the nut is a source of this mineral
in the diet. Zn is an important component of metalloenzymes and may be associated with the
functions of DNA and RNA polymerases and act on cell replication.

The level of antimony (Sb) ranged from 0.541-1.130 mg.kg*. The WHO (2006) tolerable daily
intake (TDI) for Sb is 6 g/bodyweight per day, and the nuts from some of the regions sampled
presented levels to support the consumption of 3 nuts per day as suggested in previous work
concerning Sh. There is no health organization recommendation for Sb in Brazil nuts, but
potential risks to human health can occur. In conclusion, it is possible to affirm that the levels of
the elements evaluated are not toxic to human health, considering the recommended daily
consumption of Brazil nuts.

Further studies are necessary to evaluate the bioavailability of Sb and other metals, and the Se
mechanisms for detoxifying Sb. Hg and Pb were not detected. On the other hand, Rodushkin
et al. (2008) found Sb levels of 1.2 and 1.7 mg.kg™ respectively but did not mention the
region of origin of the two samples that were analyzed. The same authors cited the presence
of Ti, at levels of 8.9 and 8.4 ng.kg?, which differ in relation to the present study, since the
average of the three harvests was 0.85 mg.kg-1.

Even though the presence of titanium is beneficial in the soil for the development of plants,
monitoring Ti content is still important, (Lyu et al., 2017).1 In food production it is used in the
form of an additive (titanium dioxide) and, in this context, there may be a need to monitor
toxic levels that effect human metabolism.

The various studies cited so far show that Brazil nut samples from the same Brazilian region
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present different results regarding trace elements. This corroborates the data on the differences
between the content of Se in nuts, as mentioned by Silva Junior et al. (2017). The authors state
there are differences among the soils of the Brazil nut producing regions, and therefore it is not
certain that the daily consumption of two nuts provides the antioxidant effect, since during the
processing, the lots of several regions are mixed to form a single batch. As for the undetected
elements, this can be explained by the lack of their presence in the soil in the studied regions,
since the samples came from communities where the soil of the Amazon Rainforest has no
history of pesticide use, which contaminates the soil with the heavy metals in its composition.

3.2 Radionuclides

Data on natural radioactivity in foods are scarce for comparison with the results, but Martins et

al. (2012) found levels of 104.8%?°Ra and 99.5 ??Ra, which are higher than our findings. On the

other hand, Parekh et al. (2008) reported levels of 22°Ra (31+1 Bg.kg?) and ??Ra (331 Bg.kg™)
which are lower than the values found in the present study. The ?2°Ra values found in this study

were like those reported by Turner, Radley, & Mayneord (1958) with levels of 66.6 Bg.kg™.

The results for radionuclides are presented in Table 2.

Table 2. Radionuclides in Brazil nut samples from the state of Par§ Brazil

Radionuclides Activity (Bg.kg?t)*
226Ra 67.19 £1.51
228Ra 68.7 £2.04

*The results are expressed in average *standard deviation

Armelin (2016) evaluated 20 samples purchased in retail stores in several cities of Brazil
between 2010 and 2013 and assumed, as a basis for calculation, a per capita consumption of
1.5kg per year. For the analysis of the risk associated with Brazil nut consumption, the effective
doses were estimated for the 2?°Ra and ??®Ra radionuclides. The annual consumption of nuts
was estimated based in the rate observed by the Brazilian Institute of Geography and Statistics
(IBGE, 2011) and the cluster diets of the World Health Organization (WHO, 2006). For the
comparison between these two estimates and the maximum limit established in the legislation,
the Student's t test was applied, according to Table 3.
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Table 3. Comparison of the effective committed dose for the 22°Ra and ??Ra radionuclides in
Brazil nuts based on different annual consumption rates

IBGE (2011)? Cluster DietsP
CED
Radionuclides (LSv.a-1)°  Value* Range® pf Value* Range pf
226Ra 6.30 1.37940.005 1.374-1.384 <0.0001 | 0.01640.000 0 <0.0001
228Ra 11.00 3.366+0.013 2.356-2.380 <0.0001 | 0.02840.000 0 <0.0001

*The results are expressed in average = standard deviation ® Annual consumption rates
obtained from the Brazilian Institute of Geography and Statistic (IBGE, 2011); ® Rates of
annual consumption according to World Health Organization (WHO, 2006); ¢ Maximum
committed effective dose by intake established by (UNSCEAR, 2000) (adults); ¢ Mean
committed effective dose = standard deviation; ¢ range of the committed effective dose; f
p-value.

It was found that the estimated committed doses present significant differences between
themselves for radionuclides (p <0.0001), and based on the results it is possible to state that for
both consumption conditions the effective doses of the radionuclides are below the reference
values established by UNSCEAR (2000). Hiromoto et al. (1996) analysed commercial Brazil
nut samples to determine the number of natural radionuclides and the rate of radiological risk
resulting from ingestion by the population. The values observed by the authors were 1.4 £0.4
Bq.kg™ for 238U; 26.3 +4.1 Bq.kg™ for 2%°Ra; 4.7 1.8 Bq.kg™ for 2'°Pb; 16.5 +4.3 Bq.kg™ for
232Th and 31.3 +6.4 Bq.kg™ for 226Th. These values resulted in a maximum effective dose per
year of 0.20 mSv per person, considering that a person will eat at most 100 g of Brazil nut per
week. Brazil nut trees present high barium adsorption from soil, explaining the high
concentrations in the nuts (Hiromoto et al., 1996; Martins et al., 2012).

4. Conclusion

As the analyzed elements were within the limits recommended for food consumption, it is
possible to affirm that the trace elements in Brazil nuts from the sampled regions can play the
expected role in food for the prevention of diseases and not toxicity. Consumers who adopt a
vegan diet should be aware of the use of Brazil nuts as a possible source of Fe and Zn, besides
Se. The radionuclide levels found showed that the effective committed doses of radionuclides
in the samples are below the reference values and therefore safe for consumption. However,
more studies need to be done on samples from regions in the Western Amazon, as well as in
regard to the relationship between trace elements and radionuclides in soil and the levels
obtained from different sites. Studies on different harvests should also present the effect of the
climatic variations in the Amazon region, principally regarding the pluviometry indices, since
this factor affects the absorption of the trace elements by the Brazil nut tree. Such data may
provide subsidies for the better protection of native Brazil nut trees and the resulting
production chain, as well as contributing to the correct calculation of basal needs in regard to
the daily ingestion of Brazil nuts.
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