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Abstract 
 

Radioactivity of honey samples from 10 municipalities of the Zacatecas State in Mexico 
was investigated by gamma spectrometry. The honey corresponds to the prosopis 
laevigata flowering. The purpose of the study was to estimate the background levels of 
natural radioactivity and to discard a possible contamination with the artificial 137Cs in 
honey. Any naturally occurring radionuclide could be determined except for 40K, which 
was quantified in 8 of the 10 samples, with an average in specific activity of 9.75 ± 1.8 
Bq/kg. No signal for the energy of the anthropogenic radionuclide 137Cs was observed, 
corroborating that the radiation levels are in good agreement with those reported for 
another honeys in the world. 
 

 
1. INTRODUCTION 

  
Honey is a sweet natural substance produced by honey bees (Apis mellifera) from flower nectar 
or honeydew. This complex mixture is the result of components coming from plants, honeybees 
and biochemical reactions during honey maturation [1][2]. Its composition is mainly of fructose, 
glucose, water, some proteins and lipids. Depending on the botanical and geographical origin, 
honey can also contain some major (e.g. Na, K, Ca, Mg, P, S) and minor elements (e.g. Al, Cu, 
Pb, Zn, Mn, Cd, Tl, Fe, Se, etc.). Among these elements is K with the highest concentration [1]. 
Elevated concentrations of toxic elements or heavy metals are related to anthropogenic activities 
that contaminate the air, water and soil around the hives [1]. The pH values of honey ranges 
between 3.5-5.5 due to the presence of organic acids and inorganic ions. The concentration of 
minerals is directly related with the conductivity values [2]. These and other physicochemical 
parameters allow the characterization of different honey types [1].  
 
Honey is a food that provides energy, valuable nutriments and antioxidants. It is used as 
sweetener or preservative in foodstuff worldwide. But also it is considered in medical treatments 
due to its antibacterial, anti-inflammatory and healing properties [3-5]. Special attention is given 
to the treatment of wounds and disorders of skin [6-8].  
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Honeybees and theirs products are considered as bioindicators in the analysis of contaminants in 
the environment [9]. The reason is found in the fact that each insect visits hundreds of flowers 
and is in contact with the air and water around the hive during harvest or food searching, taking 
every dispersed contaminant in the environment into the products of the hive, (i.e. honey, wax, 
pollen). The analysis of these materials can provide then important information about pollution 
[10]. In this respect, several contaminants (i.e. pesticides [11], heavy metals [9][12-14]) have 
been through these biomarkers monitored. Concerning to radioactivity in the environment, 
several reports have been done to register natural radioactivity levels [15-17], as well as, to 
monitor the dispersion or decline of radionuclides from anthropogenic activities or nuclear 
accidents (i.e. Chernobyl and Fukushima) [18-21]. 
 
Taking in account that Mexico is one of the main honey exporters of the world, with a great 
variety of honeys and that Zacatecas State contributes to approximately the 2.5 % of the national 
honey production, which is destined to the local and national consume, but principally to 
exportation; in this work a radioactive analysis, through gamma spectrometry, of prosopis 
laevigata honey from 10 municipalities of the Zacatecas State were carried on in order to i) 
estimate the background levels of natural radioactivity, ii) discard a possible contamination with 
the artificial 137Cs in honey and surroundings and iii) give an additional quality control parameter 
to the honey in this region. 
 

 
 

2. MATERIALS AND METHODS 
 

 
2.1. Sampling 

 
Samples were collected from a stock of individual barrels, which are well identified with the zone 
of harvest. The honey corresponds to the prosopis laevigata flowering; harvested during May to 
June 2011 in ten different municipalities, see Figure 1. From each municipality two samples (one 
liter per each) were collected. 
 
 
2.2. Gamma Spectrometry 
 
Gamma spectrometry allows us to detect simultaneously many gamma-ray emitters without 
previous treatment of the sample. However especially care must to be taken by assume secular 
equilibrium for the members of natural decay series. For many matrices these radioactive 
equilibria are broken and not all can be restore at laboratory [16]. Considering that, the two honey 
samples of each municipality were well homogenized and 500 mL poured into Marinelli 
containers. The containers were sealed in order to avoid the loss of gas radon and the density of 
each sample was calculated. The samples were stored for at least 40 days before counting, to 
ensure the establishment of the equilibrium between 226Ra and its short-lived decay products. 
 
The gamma-ray spectrometer system consists of a GMX-25190-P-PLUS high purity germanium 
(HPGe) coaxial radiation detector with an efficiency of 25 % and a resolution of 1.81 keV (60Co 
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gamma-ray energy of 1.33 MeV), coupled to a TRUMP-PCI-2k card as multichannel analyzer 
using 1024 channels and a EG&G ORTEC GammaVision-32 software. 
 
 

 
 

Figure 1. Honey harvest municipalities: 10) Fresnillo, 14) 
Gral. Francisco R. Murguía, 17) Guadalupe, 18) 
Huanusco, 19) Jalpa, 23) Juchipila, 29) Miguel Auza, 36) 
Ojocaliente, 39) Río Grande, 55) Villanueva. 

 
 

2.2.1. Energy and efficiency calibration 
 
A previously well-characterized soil sample was used as energy calibration source, using known 
gamma-ray energies of the natural occurring radionuclides present in the soil. Efficiency 
calibration was performed using a multinuclide standard source MULTLM479 certified in 
activity, with a nominal activity of 32.84 kBq ± 3.2%, in a 1000 mL water matrix and with a 
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confidence level of 99%. For our experiment, an aliquot of 259 mL of the multinuclide standard 
was diluted to 500 mL and used as standard source. Counting efficiency is calculated using the 
equation (1).  
 

      (1) 

 
Where εE is counting efficiency for each energy, NEi is the net area of the photopic, AEi is the 
activity of the radionuclide in the standard, t is counting time, and Y is the decay fraction of the 
measured radiation. 
 
2.3.2. Counting 
 
Standard source, background and samples were counting keeping the same geometry and 
counting parameters (counting time: 120000 s, negative voltage: -2000 v). 
 
2.3.3. Detection limit (LD), minimum detectable activity (MDA) and activity determination 
 
An a priori evaluation of assay sensitivity of an instrument for a particular analysis is always 
need. The LD is the lowest quantity of a substance that can be distinguished from an absence of 
substance and can be obtained by equation (2) [22]. 
 

     (2) 
 

Where: b is the background radiation for each photopic. The MDA correspond to the minimum 
number of counts from the source needed to ensure a measurement with a confidence level of 
95%, which is calculated with equation (3). 
 

      (3) 

 
The activity for each radionuclide can be calculated by equation (4). 
 

      (4) 

 
Where: ws is sample weight in (kg). 
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3. RESULTS AND DISCUSSION  
 
3.1. Samples 
 
The different honey samples have similar density values with an average of 1.45 g/ml (see, Table 
I), which allow make comparisons in the registered activity of each sample. Moreover, this 
density value will not increase significantly the attenuation of gamma rays, so no correction must 
be done in that respect. 
 

Table I. Calculated densities of honey samples  
 

Sample Location Density 
(g/ml) 

Fresnillo 1.50 

Guadalupe 1.45 

Huanusco 1.44 

Jalpa 1.47 

Juchipila 1.48 

Miguel Auza 1.47 

Gral. Francisco R. Murguía 1.45 

Ojocaliente 1.38 

Río Grande 1.40 

Villanueva 1.43 

 
3.2. Calibration of the gamma spectrometric system 
 
For the energy calibration of the spectrometric system, thirteen known gamma-ray energies of the 
natural occurring radionuclides present in the calibration source were used (see Table II). Energy-
channel correlation is R2 = 0.999 and the linear fit is described by equation (5).  
 

     (5) 
 
As mentioned before, a multinuclide standard source MULTLM479 certified in activity was used 
for calibration in efficiency. At the time of the counting, the only three detectable radionuclides 
in the standard source were 241Am, 137Cs and 60Co. So for the calibration only the last three of the 
four measured energies were considered to build the calibration curve, which is fitted to the 
potential equation (6) with a R2 = 0.999.  
 
 

€ 

ε i = 8.4228Ei
−0.97     (6) 
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Table II. Energy calibration 
 

Radionuclide Channel 
Energy 
(keV) 

226Ra 116.46 185.99 
212Pb 149.28 238.63 
214Pb 183.44 295.22 
208Tl 359.95 583.14 
214Bi 375.98 609.32 
137Cs 408.17 661.66 
212Bi 448.36 727.17 
228Ac 560.92 911.07 
228Ac 597.00 968.90 
214Bi 689.20 1120.28 
214Bi 761.46 1238.11 
214Bi 846.93 1377.63 
40K 898.04 1460.75 

 
 

3.3. Radiation Measurements 
 
In eight of the ten samples only for 40K the MDA was smaller than the measured activity. In 
Table III are reported the values of the MDA (in Bq/kg of sample) and specific activity for the 
radionuclide 40K. The counting efficiency for the energy of the 40K nuclide was 0.0072. The 
samples from the Jalpa and Ojocaliente sites could not be quantified. All other samples have in 
average a specific activity of 9.75 ± 1.8 Bq/kg from 40K, which is bellow of the mean activity 
value reported in other studies, see Table IV.  
 

Table III. MDA and Specific activity for 40K 
 

Sample Location MDA 
(Bq/kg) 

Specific activity 
(Bq/kg) 

Fresnillo 6.57 ±0.03 6.99 ± 2.15 
Guadalupe 7.14 ± 0.04 9.98 ± 2.33 
Huanusco 7.19 ± 0.04 13.75 ± 2.36 
Jalpa 7.04 ±0.04 5.33 ± 2.29 
Juchipila 6.99 ± 0.04 9.02 ± 2.28 
Miguel Auza 7.06 ± 0.04 9.68 ± 2.31 
Gral. Francisco R. 
Murguía 7.14 ± 0.04 11.94 ± 2.34 
Ojocaliente 7.49 ± 0.04 6.79 ± 2.44 
Río Grande 7.43 ± 0.04 8.29 ± 2.43 
Villanueva 7.24 ± 0.04 8.33 ± 2.36 
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The correspond mean concentration of potassium is 213.01 mg/kg. This value is in the range of 
potassium reported (39.66 - 1349.34 mg/kg) for several honeys all over the word [1]. 
 

 
Table IV.  Comparison of mean activities values and ranges of 40K 

 

Sample Location 
Mean Specific 

Activity 
(Bq/kg) 

Range 
(Bq/kg) 

Yugoslavia [21] 14 ± 2  6.6 to 38 
Poland [23] 36.06 ± 21.3 5.51 to 98.89 
Italy [16] 28.1 ± 23.0  7.28 to 101 
This study 9.75 ± 1.8 6.99 to 13.75 

 
 
 

4. CONCLUSIONS 
 
Monitoring of natural radionuclides in honey was performance by gamma-ray spectrometry. 
Typical radionuclides present in soil samples could be observed in all samples spectra, however 
the signal were below the calculated LD, except for the signal of the ubiquitous 40K, which signal 
was above even the MDA. In most of the samples 40K could be quantified, given an average of 
specific activity of 9.75 ± 1.8 Bq/kg. No signal for the energy of the anthropogenic radionuclide 
137Cs was observed. Finally, these results estimate the background levels of natural radioactivity 
and discard a possible contamination with artificial radionuclides in honey, corroborating that the 
radiation levels are in good agreement with those reported for another honeys in the world. 
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