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INTRODUCTION
• Honey bee colony losses have increased over the 

past 40 years due to climate change, pathogens, 
and pesticide exposure.

• Beeswax is the most contaminated hive material 
and can be reused for decades as foundation.

• Pesticide persistence in foundation can cause 
toxicity for honey bees, lead to the evolution of 
resistance in major honey bee pathogens, and 
result in decreased treatment efficiency.

• Pesticides can migrate into honey and pollen, 
posing risks for human health.

• Pesticides banned in Europe have been reported 
in several countries, including in Ireland.

• This contamination may originate from
foundation because the beeswax trade is not 
regulated globally.

METHODS
• We surveyed Irish beekeepers to determine where 

they buy their foundation.
• Beeswax samples were collected from suppliers 

across ten countries, both within and outside 
Europe.

• The  analytical chemistry methods for pesticide 
screening in beeswax are currently being fine-tuned

• Next we will screen all beeswax samples for over 
300 pesticides.

• The toxicity risk will be calculated for each 
beeswax sample.
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CONCLUSION
This study aims to provide data to international regulatory bodies and advocate for global policy development in the beeswax 
trade. This will mitigate contamination from beeswax and promote sustainable beekeeping practices with a ‘One Health’ 
approach for the future.
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Beeswax is the most contaminated hive material because of its lipophilic nature, which allows pesticides to persist for 
more than 30 years. Beekeepers often supply reused beeswax to the bees, which is called as foundation. Foundation 
is the least replaced material, and it increases the risk of beeswax contamination. It has been shown that persistence 
in beeswax and foundation can cause toxicity, evolution of resistance in Varroa mites, and reduced treatment efficacy, 
which poses risks for honey bee health and apiculture. In addition, pesticide persistence can migrate to honey and pollen, 
posing risks to consumers of beekeeping products. Pesticide persistence in beeswax, honey, and pollen has been reported 
in different European countries, including banned pesticides, such as propargite and coumaphos. This contamination 
could have originated from contaminated beeswax because of beeswax trade is not regulated globally, and most of the 
beeswax in the market is imported from non-European countries such as China and Türkiye where pesticides banned in 
Europe are currently approved for use. To address this issue, beeswax and foundation samples were collected from ten 
European and non-European countries to determine pesticide persistence levels. Samples will be analysed using ultra-
high-performance liquid chromatography-mass spectrometry (UHPLC-MS) and gas chromatography-tandem mass 
spectrometry (GC-MS/MS) to screen for over 300 pesticides, including banned pesticides in Europe. This study aims to 
provide data to regulatory bodies to eliminate contaminated beeswax in the beekeeping market, enhance honey bee health 
and ensure the safety of beekeeping products. In addition, this study advocates for global regulations on beeswax trade 
and promotes sustainable beekeeping practices to mitigate contamination risks in apicultural products.
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Modern beekeeping and climate change place honey bees under constant stress, depleting their immune resources and 
reducing their recovery ability. Complete nutrition, beyond basic proteins, fats, and carbohydrates, must include amino 
acids, polyunsaturated fatty acids, enzymes, microelements, and phytonutrients. This approach supports colony health, 
productivity, and physiological resilience, particularly under intensive commercial use. Our research investigated spirulina 
as a promising protein alternative under commercial queen-rearing conditions. Spirulina is notable for its high protein 
content, balanced amino acid profile, polyunsaturated fatty acids (linolenic acid), and antioxidants, aligning well with 
the biological needs of honey bees. Unlike many commercial protein substitutes with limited amino acid content and 
digestibility, spirulina provides comprehensive nutrition. The study emphasized spirulina’s effect on hypopharyngeal gland 
development, royal jelly production, and colony resilience during intensive queen-rearing cycles. At a concentration of 30% 
of the total feed, spirulina effectively met protein and amino acid requirements while enhancing hypopharyngeal gland 
functionality, critical for larval nutrition and queen quality. Physiologically healthy larvae for grafting were consistently 
available, boosting queen production efficiency. Although spirulina alone showed positive results, its maximum benefit 
emerged when combined with minerals such as magnesium, zinc, and manganese. This enhanced diet extended the bees’ 
lifespan under laboratory conditions, with 30% survival for the spirulina-fed group compared to 28% for the commercial 
feed group. Notably, royal jelly production increased by 12% in queen cells. Nurse bees fed this diet began filling queen 
cells with royal jelly as early as the three-day egg stage, indicating a surplus of royal jelly—a key marker of physiological 
health under stress. These findings highlight spirulina’s potential as a superior protein source for bees, particularly in 
commercial operations. By improving colony nutrition, spirulina enhances productivity, supports hypopharyngeal gland 
health, and increases stress resilience. Combining spirulina with essential minerals ensures optimal results, offering an 
effective solution to address nutritional deficits and sustain bee health under modern intensive beekeeping conditions. 
Spirulina represents a viable alternative to commercial pollen substitutes, capable of significantly improving colony 
performance, resilience, and the production of high-quality queens.
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