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Molybdenum in honey bees

Samples of honey bee workers were collected in different areas and environments to assess
natural levels of molybdenum in France (see map, Figure SI-1), in Nea Moudania, Thessaloniki
and Polygyros region of Greece (respectively urban/, industrial and natural environments) and
in Moldova (forest environments in the region of Chisinau).

Bees are collected in accordance with standard method X43-909 on “active environmental
biomonitoring using honey bees.” The bees collected are foraging bees returning from their
flight. These are the oldest bees in the colony and therefore those that have been exposed to
external contaminants/metals for the longest period of time.

Figure SI-1. Map of the areas in France, where the bees were collected. Numbers correspond
to the administrative numbers given to each department in France. The samples collected
cover different type of environments and climates.
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https://www.boutique.afnor.org/fr-fr/norme/xp-x43909/biosurveillance-active-de-lenvironnement-au-moyen-de-labeille-domestique/fa188000/73729#:~:text=Il%20s'agit%20d'une,dans%20son%20p%C3%A9rim%C3%A8tre%20d'exposition.

According to the standard method X43-909, bee samples (30-50 bees/sample) correspond to
a group of foraging bees taken from at least three hives in the same apiary in order to obtain
a representative sample of the target apiary. The bee samples were frozen at -20°C after
collection.

The bee samples were then dehydrated, mineralized and analyzed as follows :

Dehydration : collected honeybee (Apis mellifera) specimens were subjected to desiccation to
remove moisture content and stabilize the samples for mineral analysis. Bees were first rinsed
with deionized water to eliminate surface contaminants and then placed in clean, inert drying
containers. Dessiccation was performed in a ventilated drying oven at a controlled
temperature of 60 £ 5 °C for 24 to 48 hours, or until constant weight was achieved, indicating
complete dehydration. The dried specimens were then cooled in a desiccator containing silica
gel to prevent moisture reabsorption prior to mineralization and then ground in a mortar.

Mineralization : Mineralization is carried out in a closed microwave system (CEM MARS-6)
with an iPREP reactor. The protocol consists of dissolving 0.25 g of sample in 8 mL of 70% nitric
acid (JT Baker instra analyzed) - heating to 200°C for 20 minutes, then stabilizing at 200°C for
20 minutes and cooling for 20 minutes. The extract collected is perfectly clear and diluted to
50 mL with ultra-pure water (Merck - MillQ).

Analysis by ICP-MS : The standard method EN 13805 was then used to determine the
molybdenum content by inductively coupled plasma mass spectrometry (ICP-MS).

The analyses of the molybdenum content by ICP-MS were performed by LEAV (Laboratoire de
I’'Environnement et d’Analyses de Vendée), La Roche-sur-Yon, France. The results found for
Mo contents in ppm in dehydrated bee samples are gathered in Table SI-1. The uncertainty is
estimated to + 0.02 ppm (ug/g).

Table SI-1. Mo content in ppm (ug/g of dried bee) as a function of sampling areas, month and
year of sampling and environment. NAT, AGRI, URB, INDUS are given for Natural, Agricultural,
Urban or Industrial environments, respectively.

N° Sampling Area Month Year Environment® Mo content (ppm)
1 France (12) 4 2021 AGRI 0.31
2 France (12) 7 2021 AGRI 0.34
3 France (12) 9 2021 AGRI 0.36
4 France (17) 4 2013 AGRI 0.39
5 France (17) 4 2014 AGRI 1.19
6 France (17) 7 2014 AGRI 0.25
7 France (17) 9 2014 AGRI 0.22
8 France (17) 5 2015 AGRI 0.25
9 France (17) 7 2015 AGRI 0.34
10 France (17) 9 2015 AGRI 0.29
11 France (17) 5 2022 AGRI 0.37
12 France (17) 5 2022 AGRI 0.36

SI-3


https://www.boutique.afnor.org/fr-fr/norme/xp-x43909/biosurveillance-active-de-lenvironnement-au-moyen-de-labeille-domestique/fa188000/73729#:~:text=Il%20s'agit%20d'une,dans%20son%20p%C3%A9rim%C3%A8tre%20d'exposition.
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289 Greece 6 2022 URB 0.53
290 Greece 6 2022 URB 0.34
291 Greece 6 2022 NAT 0.23
292 Greece 6 2022 NAT 0.38
293 Greece 7 2022 INDUS 0.28
294 Greece 7 2022 INDUS 0.29
295 Greece 7 2022 URB 0.50
296 Greece 7 2022 URB 0.47
297 Greece 7 2022 NAT 0.28
298 Greece 7 2022 NAT 0.29
299 Greece 8 2022 INDUS 0.32
300 Greece 8 2022 INDUS 0.32
301 Greece 8 2022 URB 0.38
302 Greece 8 2022 URB 0.35
303 Greece 8 2022 NAT 0.32
304 Greece 8 2022 NAT 0.32
305 Greece 9 2022 INDUS 0.43
306 Greece 9 2022 INDUS 0.25
307 Greece 9 2022 URB 0.53
308 Greece 9 2022 URB 0.55
309 Greece 9 2022 NAT 0.43
310 Greece 9 2022 NAT 0.25
311 Moldova 3 2022 NAT 0.50
312 Moldova 4 2022 NAT 0.67
313 Moldova 5 2022 NAT 1.20
314 Moldova 6 2022 NAT 0.93
315 Moldova 7 2022 NAT 0.53
316 Moldova 8 2022 NAT 0.30
317 Moldova 9 2022 NAT 0.26
318 Moldova 10 2022 NAT 0.30

The analysis of the 318 samples shown in the table SI-1 gives an overall average value of 0.39
ppm for Mo in honey bees. The distribution of Mo-content within these 318 bee samples are
represented in the Figure SI.2. 75% of the bees analyzed display a Mo content in the 0.2-0.5
ppm range.

As shown in Table SI.2, this average content varies according to the environment but the
standard deviation is rather high, especially in natural environment. It remains around 0.39
ppm in agricultural environment, slightly decreases to 0.36 ppm in natural environment, but
rises slightly to 0.44 ppm in urban or industrial environments, suggesting an anthropogenic
contribution in this case.
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Table SI.2. Average values found for Mo content in bees as a function of their environment.

NAT AGRI URB INDUS
Nb of samples 78 188 40 12
Mean Mo (ppm) 0.364 0.386 0.463 0.363
Standard
Deviation 0.291 0.207 0.162 0.102
SD
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Figure SI-2. Representation of the distribution of Mo-content in the 318 bee samples analyzed.
The main part, 75%, are found between 0.2 and 0.5 ppm.
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