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EVALUATION OF PESTICIDE RESIDUES IN POLLEN FROM 
CUNDIBOYACENSE HIGH-PLATEAU (COLOMBIA)

EVALUACIÓN DE RESIDUOS DE PLAGUICIDAS EN POLEN PROVENIENTE DEL 
ALTIPLANO CUNDIBOYACENSE (COLOMBIA)

Danny RODRIGUEZ1, Consuelo DIAZ-MORENO1, Adriana M. ZAMUDIO2, Diego AHUMADA2*

ABSTRACT

Pesticide application near to beekeeping areas affects the survival of the bees and the quality of the final 
bee products. Thus, in this work we developed and validated a methodology for analysis of 26 pesticide 
residues in pollen using ultra fast liquid chromatography (UFLC), based on QuEChERS method. 
Identification and confirmation of target compounds was performed by electrospray mass spectrometry. 
The method was applied for the determination of pesticide residues in samples from Cundiboyacense 
high-plateau. In this study it was found residues of carbofuran, metalaxyl, methomyl and oxamyl but 
only carbofuran exceeded the maximum residue limit (MRLs).
Keywords: Pesticides, liquid chromatography, pollen.

RESUMEN

La aplicación de plaguicidas en cultivos cercanos a las zonas de producción apícola afectan la supervivencia 
de las abejas y la calidad de los productos finales. De esta manera, resulta de gran importancia evaluar la 
residualidad de estos agroquímicos, con este objeto, se desarrolló y validó un método para la determinación 
de 26 residuos de plaguicidas en polen, basado en el método QuEChERS y determinación por UFLC 
acoplada a espectrometría de masas. El método fue aplicado para la determinación de residuos de 
plaguicidas en muestras de polen provenientes del altiplano Cundiboyacense. En este estudio se encontró 
residuos de carbofuran, metalaxil, metomil y oxamil, pero sólo carbofuran presentó cantidades superiores 
al límite máximo de residuos.
Palabras clave: plaguicidas, cromatografía líquida, polen.
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INTRODUCTION

Honey and pollen are natural products of bees, 
they has been recognized for its nutricional and 
medicinal properties since ancient times. Pollen 
is constituted of microgametophyte, which are 
composed primarily of carbohydrates, phenolic 
compounds, proteins, fat, minerals, vitamins and 
other substances, for this reason was accepted by 
the Food and Drug Administration with to supple-
ment for the diet. The quality of bee products is 
directly related to its floral origin and to the region 

of production. However, these products can also 
be a source of toxic substances, such as antibiotics, 
pesticides and heavy metals due to environment 
pollution and beekeeping practices (1). Bees collect 
pollen and nectar from the surrounding f lowers, 
therefore the bees, their hives and products can 
be contaminated. Some years ago, the pesticide 
residues analysis in bee products was complicated 
because of its complex composition, but currently 
the scope of the methodologies has been dramatica-
lly expanded by complementary methods based on 
liquid chromatography coupled to mass spectrome-
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try (2). Cundiboyacense high-plateau (Colombia) 
is characterized by high production of bee pollen. 
Previous studies found presence of pesticide resi-
dues (organophosphorus and organochlorine) in 
honey; fortunately all the values were below the 
MRL (3). In this context, one aim of this study was 
to develop a very brief and simple extraction me-
thod based on QuEChERS method. Therefore we 
evaluated the pesticide residues in pollen collected 
from selected beekeeping in Cundiboyacense high 
plateau. Finally, these results were compared with 
the MRLs of pesticides recommended by European 
Commission.

MATERIALS AND METHODS

Extraction

The QuEChERS method was carried out in 
order to evaluate the samples by the procedure 
explained next. In a centrifuge tube, 3 g of pre-
vious homogenized sample were weighted, 4 mL 
of water and 6 mL of acetonitrile were added and 
it was manually shaken by 1min. Thereafter, 2 g of 
MgSO4, 500 mg disodium citrate, 250 mg disodium 
hydrogen citrate and 500 mg of NaCl were added, 
it was shaken then again for 1 min. Subsequent, 
the sample was sonicated for 10 min in an ultraso-
nic bath. After, the tube was centrifuged to 4500 
rpm for 5 min and 4 mL of the supernatant were 
transferred to a 15 mL centrifuge tube. For clean-
up procedure, 50 mg of PSA, 50 mg C18, 50 mg 
carbon and 150 mg of MgSO4 were added for each 
extract milliliter. Afterwards it was shaken by 30 s 
and centrifuged by 2 min at 5000 rpm.

Equipment

In this study, analyses were performed in an 
UFLC Shimadzu Prominence™ coupled to LCMS-
2020 mass selective detector. An ABN2ZE Peak 
Scientific nitrogen generator was employed to 
provide the dryer stream in the ESI source. The 
chromatograph was equipped with an automatic 
sampler, a binary high pressure pump, online 
degasification system and an oven to control the 
column temperature. 

Sampling

The 36 samples were collected at random from 
commercial samples of bee pollen (Apis mellifera). 
These samples were harvested and dried by Cun-

diboyacense high-plateau Beekeepers during 2009 
and 2010.

RESULTS AND DISCUSSION

To investigate specificity of the methodology, 
10 different pollen samples were extracted and 
analyzed. All samples had low intensity peaks in the 
region of interest. Given the efficient separation ob-
tained from UFLC and the high selectivity of mass 
spectrometric analysis, the absence of significant 
interference was not surprising for the 25 analytes. 
Linearity was evaluated by the calculation of a five-
point linear plot with three replicates, based on li-
near regression and squared correlation coefficient, 
r2, which should be > 0.9800. Average recovery 
and the highest RSD were obtained from samples 
of spiked pollen, at three different concentration 
levels, are reported in Figure 1. Recoveries were in 
the range of 71.2 to 108.5% and RSD values were 
less than 15% for all the concentration levels tested, 
except for indoxacarb. Finally, limit of detection 
(LOD) and quantification (LOQ) were calculated 
according to IUPAC recommendation.

Figure 1. Precision and accuracy of the pesticides under 
study (n = 9).

The pesticide evaluation for the samples from 
Cundinamarca did not show signals for the com-
pounds evaluated. This suggests that for this area the 
pesticide transport is not significantly, although it is 
important to comment that the number of samples 
from Cundinamarca is very low (6 samples). On the 
other hand, Table 1 shows the pesticides found in 
30 samples evaluated from Boyaca department; this 
table shows that only six samples had pollution pro-
blems. The presence of these compounds confirms 
the continuous exposure of the beekeepers or bees 
to pesticides. These high levels could be explained 
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by direct contact that may have pollen on adjacent 
crops and the subsequently transport by the bees. 
Carbofuran is the only compound that exceeded 

the MRL, thus his low relative abundance and 
frequency suggests a recent exposure rather than a 
long accumulation history (1).

Table 1. Results of pollen samples in Boyacá department (n = 2).

Pesticide† Contaminated samples Concentration (ug/kg) †† LOD (ug/kg) LOQ (ug/kg)

Carbofuran
1 210 ± 21

8.1 47.5
2 < LOQ

Diazinon 1 < LOQ 10.1 50.9
Methomyl 1 < LOQ 10.0 49.6
Metalaxyl 1 < LOQ 7.5 47.6
Oxamyl 2 < LOQ 10.2 47.5

† All these pesticides have a MRL of 10ug/kg.
†† Values are presented as mean ± standard deviation.

CONCLUSIONS

The proposed QuEChERS procedure was 
successfully applied to the sample preparation of 
25 pesticides. The results obtained from Cundina-
marca samples show that did not found pesticide 
residues for the compounds evaluated, while it was 
found that the 20% of samples from Boyacá pre-
sents pesticide residues. However only one sample 
exceeded LMR.
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