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Introduction
During foraging flights, honey bees settled in agricultural ecosystems may encounter glyphosate residues on flowers of both cultivated and native plants
growing in semi-natural habitats within the landscape. The configuration and heterogeneity of the landscape and the agricultural management in which the bee
colonies are located, have direct and indirect implications on the presence and survival of bees. In this work, we were interested to analyze the relationship
between landscape configuration and the presence of pesticides in honey. In particular, we tested the relationship between the presence of glyphosate and
AMPA residues in honey and some metrics of habitat configuration. We expect a higher presence of glyphosate and AMPA as the proportion of crop lands in
the landscape is increased and the connectivity of semi-natural habitats is decreased.

Matherials and Methods

Conclusions

Results
A method of analysis of glyphosate residues and its main degradation metabolite,
AMPA, in honey was developed. The detection limit of glyphosate and AMPA
obtained was 1.0 µg/kg. The range of values found in the samples was between 2
– 27,5 µg/kg for glyphosate and 1,9 – 18,1 µg/kg for AMPA. A total of 30 honey
samples belonging to the 2019 and 2020 harvests were analyzed in various
areas of south-eastern Buenos Aires, and a frequency of 50% of glyphosate
positivity was found in the specimens analyzed. In turn, AMPA was found in 30%
of the samples.

Of the selected study area, 55% of the hive samples were located near summer
crops (soy, corn, sunflower) and 45% near winter crops (oats, barley, wheat).
Among summer crops, soybean represents 65% of the total planting area, while
corn (with the best contribution to soil cover) only 13% (Ligier et al., 2018). The
supervised classification of each site is shown in Figure 1.

From a total of 30 samples analyzed, we identified 22 sites as the
experimental unit to test our expected results regarding the
relationship of habitat configuration and pesticide residues in honey.
Eight of the samples corresponded to the same site (from the same or
different years).
A positive correlation was observed between glyphosate and AMPA
residues in honey (Table 1), regardless of the landscape
characteristics in the surrounding areas of each apiary. In general,
there was a weak or no correlation between different metrics for
habitat configuration and the amount of pesticide residues detected in
honey (Table 1).

A total of thirty samples of honeys from Lobería, General Alvarado, and
General Pueyrredon districts were obtained during 2019 and 2020
harvests. Some sites were sampled twice during the same or different
seasons. Each apiary was georeferenced by GPS. Once the samples
were obtained, they were frozen at -20 °C until their analysis.
Glyphosate and AMPA analysis were performed using an UPLC MSMS
(Waters Acquity H-Class Liquid Chromatograph was used coupled to a
Xevo TQ-S Spectrometer).

Cloud-free, Sentinel-2, Level-1C products were acquired from the United States
Geological Survey (USGS; http://earthexplorer.usgs.gov/) in January 2020 to
assess and classify the area. Digital numbers of the Sentinel 2 imagery were
converted to top-of-atmosphere reflectance. The classification of images was
performed using the semi-automatic classification plugin (SCP) in QGIS version
3.12 (Quantum GIS Development Team, 2020).
We applied the spatial pattern analysis software FRAGSTATS 4.2 (McGarigal,
2012) to calculate the landscape metrics of each class type and total landscape.
Also, as a functional connectivity index to qualify the landscape pattern
dynamics, the Contagion index (CONTAG, in percentage) was calculated.

Table 1. Correlations between different metrics for habitat configuration and 
amount of glyphosate and AMPA residues. In particular. correlations 
between pesticides and the amount of croplands in hectares (Agro 1000 and 
Agro 2225 for 1000 m and 2250 m radii, respectively), their proportion in the 
landscape (PLAND 1000 and PLAND 2225 for 1000 m and 2250 m radii, 
respectively), and the contagion index (CONTAG 1000 and CONTAG 2225 
for 1000 m and 2250 m radii, respectively) were included

Fig. 2: Map of sites with apiaries showing honey 
pesticide residues. Source: Google satellite-QGIS

Figure 1: Supervised classification of each site for the study period using Sentinel 2 image

When sites with apiaries showing honey pesticide residues were
mapped, an interesting pattern was observed at a regional level (Fig 2).
Apiaries with pesticides in honey lied close to each other within a
particular region. In this way, only two of the sites adjacent to Miramar
city did not show pesticides in honey (Fig. 2).

Correlations found between Glyphosate and AMPA content in honey and the amount of crop 
lands with industrial agriculture were weak and it´s not enough to explain the values of 
glyphosate and AMPA residues detected in honey.
Based on the pesticide prevalence in the environment, as well as our findings of its presence 
in honey samples, we propose that detailed studies at the apiary scale should be conducted 
in Argentina to determine if glyphosate is in fact a contributing driver to the colony losses. 
Geospatial analysis like the performed in this study can help honey producers to estimate 
risks to pesticide exposure in landscapes with intensive agriculture. 


