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ABSTRACT

A survey was carried out on the activity concentration of 210Pb in common beans (Phaseolus vulgaris L.) grown in
normal background environments in Brazil. The carioca beans and the black type were analyzed, which contribute
with 90% of the Brazilian market share of the common beans. To this study 18 bean samples sowing in the Middle-
Western and Southern regions of Brazil during the years 2010-2011 were analyzed. The proportion per bean type
was similar to the national production: most of the carioca beans (n=13; 72%) and black beans (n=5; 28%). Other
17 values of 210Pb activity concentration in beans grown in Southeastern region available in the GEORAD, a dataset
of radioactivity in Brazil, were added to the statistic analysis of the data. Considering the information contained in
censored observations (60%), representative value of 210Pb activity concentration in beans was estimated by using
robust ROS, a censored data analysis method. The value 0.047 Bq kg−1 fresh wt. obtained here is according to
210Pb activity concentration in grains reported by UNSCEAR 0.05 Bq kg−1.
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1. INTRODUCTION

The annual effective dose by ingestion of terrestrial radionuclides has been estimated in 290
µSv y−1, of which 170 µSv y−1 is from 40K and 120 µSv y−1 is from the long-lived radionu-
clides in the uranium and thorium series, specially radium isotopes (226Ra and 228Ra), 210Po
and 210Pb [1]. Ingestion of natural radionuclides depends on the consumption rates of food and
water and as well as on the radionuclide concentrations. The consumption of beans extends
world-wide and constitutes an important dietary habit in Latin American, African and Asian
countries. Beans are an important component of the Brazilian diet and present high frequency
of consumption [2]. Local and market preferences as well as the variability in climatic and
agronomic conditions generally indicate which varieties are more popular. The carioca beans
and black type account with 90% of the Brazilian market share of the common beans [3].

Low-level concentrations of organic and inorganic chemicals are often reported as “nondetect”
or “less-than” an analytical threshold. Statisticans use the term “censored data” for data sets
where specific values for some observations are not quantified, but are known to exceed (right-
censored data) or to be less than (left-censored data) a threshold value [4]. According to Helsel
[5], the worst practice when dealing with censored observations is to exclude or delete them.
This produces a strong bias in all subsequent measures of location or hypothesis tests. Exclud-
ing censored observations removes primary information contained in them – the proportion of



data in each group that lies below the reporting limit(s). Substituting values using a fraction
anywhere between 0 and 1 time the detection limit is equivalently arbitrary, easy, and wrong.

The activity concentrations of natural radionuclides from uranium and thorium series in foods
are more frequently encountered whose values are less than the laboratory detection limits and
consequently represent a serious problem of interpretation for the data analysts. The objec-
tive of this study was to carry out a survey of the activity concentration of 210Pb in common
beans (Phaseolus vulgaris L.) sown in normal background environments in Brazil by applying
censored data analysis methods.

2. MATERIALS AND METHODS

2.1. GEORAD dataset

The activity concentration of 210Pb in 17 samples of beans were obtained from GEORAD [6],
a dataset of radioactivity in Brazil. It was considered only beans grown in areas of “normal”
natural background. According to the data source (years 2002 to 2004), the beans were grown
and consumed in Southeastern region of Brazil, in the state of Rio de Janeiro where black beans
are the most popular type.

2.2. Sample Collection

Carioca beans and the black type samples were collected in farms through of the Embrapa
Arroz e Feijão (Embrapa Rice and Beans), a research center of Brazilian Agricultural Research
Corporation. This was a pilot study and it was necessary to work with a minimal sample size.
Eighteen samples of beans were collected during the years 2010–2011. Most of them were
sown in the Middle-Western region of Brazil in the state of Goiás (n= 12; 67%), the others were
collected from farms in the Southern region, which supplied four samples from the state of
Paraná (n= 4; 22%) and two samples of beans from Rio Grande do Sul State (n= 2; 11%). The
index percent corresponds to the quantity (n) per total sample collected (∑i ni). The proportion
per bean type was similar to the national production: most of the carioca beans (n= 13; 72%)
and black beans (n= 5; 28%).

Due to the environmental influence in the radionuclides concentration in the grain [7], the sam-
ples collected are as follows: rainfall season (n= 9; 50%), dry season (n= 1; 6%) and winter
season (n= 8; 44%). Due to the difficulty in obtaining samples from the dry season, only one
black beans sample was collected from this environment. Besides, for the winter season, only
carioca beans sown in the state of Goiás were collected. In this case, several cultivars were
considered: BRS Ametista, BRS Estilo, BRS Pontal, Pérola and Requinte. The cultivars of the
black beans were BRS Campeiro and BRS Esplendor.

2.3. Sample Preparation

After that, labeling the samples in the laboratory, the beans were washed with tap water and
distilled water, dried at room temperature and then weighed for fresh mass determination. Af-
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terward, they were dried in the oven at 80 °C for approximately 24 h. The ashing step is recom-
mend to concentrate the element of interest to determine low values of concentration. Therefore,
after the determination of the dry mass, the samples were ashed at 450 °C for 48 h [8], the tem-
perature was gradually increased in 50 °C per hour . The samples were again weighed for the
determination of ash mass.

A CEM MARS closed vessel acid digestion system with the MARSXpress option was used for
decomposition of the samples. All used reagents were of analytical grade. Three grams of ash,
shared in 3 aliquots of 1.0 g each, were digested with acid mixture of 10 mL HNO3/HCl (1:3)
and 5 mL deionized water [9]. The aliquots were predigested by standing open for a minimum
of 15 minutes before sealing vessels and proceeding to the heating program: ramp time and hold
time (180 oC) of 10 minutes each. After the run, other portion of 1.0 g ash was added to tube to
microwave digestion (2×). The resulting solution of 1–3 aliquots of 3.0 g ash was evaporated
in hot plate and the residue was dissolved in 30 mL HCl 2 mol·L−1. In order to determine the
chemical yield, Pb2+ (30 mg) was added to the final solution.

2.4. Measurement Technique

Lead was separated by using chromatographic extraction with the EiChrom Sr resin [10] and
210Pb was determined by liquid scintillation spectrometry after oxalate precipitation [11]. A
low-level Quantulus 1220 spectrometer was used for the LSC measurements of the samples.
The main parameters of the technique were: quantity of ash Qash= 3.0–9.0 g, counting time tc=
270 min, counting background cpmBkg= 2.7, detection efficiency E f = 0.71 and chemical yield
Rq= 0.80.

The method developed by Currie [12] is widely accepted and was used as a basis for critical
limit (LC), detection limit (LD) and minimum detectable activity (MDA) calculations. The
LC obtained here was 0.008 Bq 210Pb, and LD= 0.014 Bq 210Pb, corresponding to MDA=
0.17 Bq·kg−1 in fresh wt. and 0.06 Bq·kg−1 in fresh wt. using aliquots 3.0 g and 9.0 g of ash,
respectively.

2.5. Data analysis

Statistical analyses were carried out using the NADA for R package [13], a collection of datasets
and methods described in the book “Statistics for Censored Environmental Data Using Minitab
and R” by Helsel [4].

3. RESULTS AND DISCUSSION

It was obtained the average values of weight ratios 89.5±0.2%, 4.0±0.2% and 3.6±0.2% for
dry/fresh, ash/dry and ash/fresh, respectively. The ash content is according to bean data from
TACO [14] (Brazilian Table of the Food Composition).

The results of activity concentration of 210Pb are shown in Table 1. Only two bean samples
presented values higher than the MDA, both beans of carioca type from rainfall season, with
average 0.22±0.02 Bq·kg−1

fresh, one grown in the state of Goiás and other in Paraná. Other sixteen
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samples presented values below of critical limit of 210Pb (LC= 0.08 Bq·kg−1
fresh) when 3.0 g of

ash were used. One quarter of these samples was reprocessed using 9.0 g of ash and values
below the LC confirmed. The new MDA was 0.06 Bq·kg−1

fresh. This value was considered in the
statistic analysis of censored data. The 18 values obtained here were added to 17 values from
GEORAD, which shown 5 values censored with multiple detection limits.

Table 1. 210Pb activity concentration (Bq·kg−1
fresh) in beans

Source Type, Season, Local 210Pb

This study
Carioca, Rainfall, Goiás (n=1) 0.22 ± 0.02*
Carioca, Rainfall, Paraná (n=1) 0.22 ± 0.02*
Other samples (n=16) < MDA**

GEORAD[6] Beans (n=17) < 0.04–0.37
* Conf. 95%. ** Minimum detectable activity (0.06 Bq·kg−1

fresh).

A summary of censored dataset is shown in Table 2. There are 21 left-censored observations
at 5 different detection limits out of a total of 35 observations, corresponding to high censored
dataset (60%). Fifteen years ago Helsel [15] showed that when utilized correctly, less than
values frequently contain nearly as much information for estimating population moments and
quantiles as would the same observations had the detection limit been below them. However,
the most common procedure in environmental chemistry to deal censored data remains the sub-
stitution of these values for some fraction of the detection limit. Helsel [4, 5] highlights that
substituting values for censored data should rarely be used and generally considered unaccept-
able in scientific researches. Means, medians, and other statistics should be computed without
substitutions, even though 20% of data will be related to observations censored at different
reporting limits.

Table 2. Summary of censored data of 210Pb (Bq·kg−1
fresh) in beans

Limit n Uncensored Prob. exceedance
1 0.04 1 0 0.528
2 0.05 1 1 0.528
3 0.06 17 3 0.371
4 0.10 1 3 0.281
5 0.13 1 7 0.194

n= 35, n.cen= 21, pct.cen= 60.0%, min= 0.04, max= 0.37

Figure 1(a) shows the censored boxplot of the 210Pb in beans. The horizontal line is drawn at the
highest detection limit in the data set. Percentiles above this line are unaffected by censoring.
When the data come from a skewed distribution, and as most environmental data do, they are
often modeled using a lognormal distribution. Figure 1(b) shows the 210Pb data compared to a
lognormal distribution.

NADA for R [13] estimates the mean, median and standard deviation using three methods:
Kaplan-Meier, Regression on order statistics (ROS) and Maximum likelihood estimation(MLE).
The dataset should contain a numeric vector of observations, and a logical vector of censoring
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(a) Censored boxplot (b) Probability plot

Figure 1. Censored dataset of 210Pb (Bq·kg−1
fresh) in beans

indicators. The logical vector is a list of true or false values that indicate where the values in
dataset are censored (true), or uncensored (false). ROS is a simple imputation method that fills
in censored data on the basis of a probability plot of uncensored and estimates of mean and
standard deviation (sdev) performed better than MLE for sample sizes of <50 [5]. By using the
ROS method, the median 0.047, mean 0.081 and sdev 0.085 for 210Pb concentration (Bq·kg−1

fresh)
in beans grown in normal background environments were estimated. Due to the high censored
dataset, the median is more appropriate than the mean for estimating a “typical” value for 210Pb
value in beans.

The estimate here, 0.047 Bq·kg−1
fresh, is according to 210Pb value as reference for grains published

by UNSCEAR [16] (0.050 Bq·kg−1
fresh). Comparing to beans sown in regions of high natural ra-

dioactivity in Brazil, this value is decreased by one order of magnitude than the maximum value
presented by Vasconcellos et. al [17] (0.11–0.45 Bq·kg−1

fresh, n= 6), and also decreased by one
order of magnitude than the minimal value presented by GEORAD [6] (0.54–0.79 Bq·kg−1

fresh,
n= 3).

4. CONCLUSION

By using the information contained in censored observations, the 210Pb activity concentration
in beans grown in normal background environments in Brazil is according to reference value
for grains from UNSCEAR.
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