
RESIDUES AND RESIDUE LIMITS IN BEE PRODUCTS

Klaus Wallner, email: bienewa@uni-hohenheim.de
University Hohenheim, Federal Beekeeping Institute, August-von-Hartmann-Str. 13, D-70593 Stuttgart, Germany

Beekeepers and various industries benefit from the healthy and pure image that bee products present to the public. To protect this image, it is important to minimize or eliminate the residues left behind in products as honey in which purity and quality is expected.

In Germany, the use of medicaments in beekeeping is limited. Since more than 15 years, treatments against American or European foulbrood, nosematosis, chalkbrood and tracheal mites have been replaced by changes in the management of honeybees and the elimination of susceptible strains. Treatments against waxmoth are done with organic acids, repellents during honey harvesting are unknown.

But, as in many parts of the world, the threat of infestation by the parasitic mite, Varroa destructor, forces also German beekeepers to treat their colonies with acaricides. 

The effects of this parasitic mite on European honey bees have been devastating with monumental colony losses world wide. The mite is now present on all continents except Australia and is newly found in New Zealand and South Africa. There are numerous methods for the control of varroa.

MANAGEMENT METHODS OF CONTROL
Generally speaking management methods consist of apicultural techniques that limit or reduce mite population growth. Only very labour intensive methods can control the mite population sufficiently and such measures are most often regarded as complementary to other control options.

The preference of varroa mites for drone brood can be used to remove surprisingly large proportions of the mite population if sealed drone brood is removed from bee colonies (Rosenkranz and Engels, 1985).

ORGANIC CHEMICAL CONTROL 
A range of chemicals that occur naturally in the honey bee colony environment and that are present in honey can be used to control varroa mites. The most commonly used so-called organic acaricides are formic, lactic and oxalic acids. It is believed that the acaricidial effect is based directly on a lowered ph which is less well tolerated by the smaller mite than the larger bee. Thymol, a substance found in high quantities in some types of honey, is also widely used (Imdorf et al., 1995). 

Traditional chemical control

WATER-SOLUBLE (HYDROPHILIC) VARROACIDES
Water-soluble active ingredients such as formic acid, oxalic acid and cymiazole endanger the quality of honey since these substances are readily dissolved in honey. Use of such substances during the nectar flow always results in considerable amounts of residues. Also, organic acids may introduce a false taste to the honey. However, volatile residues, such as formic acid, decrease in stored food and extracted honey over time (Capolongo et al., 1996; Stoya et al., 1986) Water-soluble ingredients have no negative long-term effect on beeswax quality since they are not soluble in beeswax. 

LIPID-SOLUBLE (LIPOPHILIC) VARROACIDES
These ingredients such as bromopropylate, coumaphos and fluvalinate, are stable and may successively accumulate in the wax comb over time. Fat-soluble ingredients are distributed throughout the colony by the bees’ legs and bodies. All inner surfaces of the hive, which are walked on by bees such as the frames, bottom boards, and covers, are coated with a very thin layer of wax. Lipophilic substances have an affinity to this wax layer and may pass in measurable amounts into other bee products like honey, virgin wax and propolis. Contaminated wax samples in the laboratory given the same conditions as in the bee colony have clearly demonstrated such migration (Wallner, 1992). The greater the concentration in the wax, the more residues can be detected in honey in contact with the wax. Another negative effect is the contamination of wax particles in the honey (Wallner, 1995). Contaminated wax is a significant source of residues in honey because a natural degradation of varroacides in beeswax does not occur and there is an accumulation of lipophilic varroacides in beeswax with repeated applications. The effect of acaricide wax contamination on the mites, on the other hand, seems to be negligible unless extremely large amounts are present (Fries et al., 1998). Beeswax has a large capacity to hold contaminants and the recycling of old wax combs into foundation does not change the amount of the active ingredient to any significant degree. Also, the technical capabilities for cleaning of wax are limited for most substances (Vesley et al., 1994; Wallner, 1995, 2001). Only the complete destruction of beeswax by, for example, burning the wax as a candle will destroy the stored ingredients (Wallner, 1998). In effect, fat-soluble ingredients, especially when they are stable and non-volatile, represent a great risk in apiculture of long-term residue accumulation.

Within the group of fat-soluble active ingredients, there are varroacides whose concentration can decrease in beeswax. This decrease is because they contain semi-volatile ingredients such as essential oils (e.g., thymol, wintergreen oil), and other substances, which can decay into metabolites (e.g., amitraz). During the application of the treatment, only some of the semi-volatile ingredients attach to the wax, while the majority evaporate because of the temperature in the hive (Imdorf et al., 1995). As a result, the amount actually left in the wax is effectively reduced. Although, an accumulation of residues does not occur during years of application, traces may remain detectable in honeycomb (Bogdanov et al., 1998). The amount of semi-volatile ingredients can also be effectively reduced during the recycling of old wax into foundations, if the wax is not only liquefied but is also steamed during the melting process.

Problem of varroacidal residues

RESIDUES IN HONEY
With few exceptions, honey analyses in different laboratories have demonstrated that residues of stable, lipophilic substances can be found. Since 1988, long-term studies have been carried out at the University of Stuttgart-Hohenheim, in which up to 1,000 honey samples are analyzed per year within the scope of general quality control. Up to now, the following varroacides have been detected in ppb levels in honey: bromopropylate, coumaphos, fluvalinate, malathion, diazinon, chlordimeform and cymiazole (Wallner, 1999). 

For example, today, coumaphos (Perizin) is the most frequently used trickling solution in German apiaries for mite control. It is mainly used during the winter in colonies without brood, but sometimes it is also used in late summer as an additional treatment in colonies with brood. Coumaphos represents the most frequently detectable varroacide in German honey. In 2002, approximately 29% of examined honey samples were contaminated with levels between 3-15 ppb. 

The synthetic pyrethroid fluvalinate is used for control of V. destructor worldwide. Impregnated carriers are inserted into the colony with amounts of fluvalinate in grams. In drip solutions, the amount of ingredient required for efficacy is extremely low in comparison to other systemic varroacides (coumaphos, cymiazole). Residues in German honey are found only rarely when mistakes occur in the application and/or in preparing the trickling solution, and if residues in the wax are at a high level. In these instances, the substance migrates by diffusion from the comb into the honey. Fluvalinate can be found in 1% of honey produced in Germany with residue levels between 2-7 ppb. Higher amounts reaching 40 ppb were found in honey from Eastern Europe, and are reported from other countries, as well (Kubik et al., 1995). Recently, fluvalinate resistant mites have appeared in several countries, showing that the continued use of the whole group of synthetic pyrethroids is in jeopardy world wide (Milani, 1995).

RESIDUES IN WAX
Most of the fat soluble substances, with the exception of amitraz, were only metabolites are found, are widely used as varroacides and can be found with ppm levels in beeswax (Table 1). Since 1993, 300-1000 beeswax samples have been analyzed per year at the University of Hohenheim. Most of these samples were received directly from beekeepers. Up to now, the following varroacides have been detected in wax: bromopropylate, coumaphos, cymiazole, fluvalinate, flumethrin, thymol and tetradifon (Wallner, 1999).

For example, more than half of the international samples (58.0%) are contaminated with fluvalinate. As a fat-soluble, non-volatile substance, fluvalinate plays the chief role as a residue creating substance in beeswax, even if the substance cannot be used effectively today in many countries because of mite resistance. The same frequencies are also found in wax foundation on the international market, as beeswax is an internationally traded product. 

In general, residues of varroacides in beeswax are not regulated. With the exception of the USA (fluvalinate 6 ppm), no official limits exist. Since large amounts of beeswax are processed for pharmaceutical purposes or for the food and cosmetics industry, pesticide residues are problematic. Several companies have created their own internal acceptable maximum limits of wax contaminants. Because of the easy migration of substances into honey, wax used for honey production should have low levels of contamination. To ensure that there is no measurable effect on the honey, residues in the wax should be lower than 1 mg/kg (Wallner, 1995).

Moderating factors in control of V. destructor
USING CHEMICALS CORRECTLY
It is important to emphasise that the development of resistant populations of mites and the detection of chemical residues in honey as wax can, in many instances, be attributed to prolonged, frequent or incorrect use of the chemicals mentioned above, or to beekeepers making up their own treatments from related agrochemicals used in pest control. If beekeepers were to use these products as recommended and only when necessary the risk of substantial accumulation of chemical residues would be minimised.

MINIMISING THE RISK FROM RESIDUES
Observing sensible colony management procedures such as harvesting honey before the application of treatments, not using combs from the brood nest area in honey supers and annual replacement of a proportion of all combs in a colony, can do much to minimise any risk.

Conclusions

Varroa mites in managed honey bee colonies must be controlled for beekeepers to stay in business. Application of synthetic acaricides inside bee colonies is the most common means of controlling the mites, although management methods and some organic acids also can be used effectively for this purpose. Lately, alternatives to synthetic acaricides have received increased attention because of fast spreading resistance in mite populations to several of the products used.

The treatment of colonies against V. destructor influences the quality of bee products in many countries of the world. Depending on the chosen varroacide, varying levels of residues can be found in honey, beeswax, and propolis.

To limit acaricide contamination of bee products, the use of synthetic, lipophilic varroacides in colonies should be minimized, and the use of organic acids or essential oils increased. It is also necessary to change the practice of recycling wax into foundation. Old combs that are contaminated should not be used for the production of foundation. Instead, foundation should be made from virgin wax and wax cappings. With an increased production of virgin wax in colonies, an efficient acaracide application system, and a system to separate contaminated combs from the wax recycling process, residue levels in bee products can be maintained below the detectable limits and far below the maximum residue levels.

Beneath the varroa control, there are further sources for residues in bee products. First of all, the use of pesticides in agriculture may lead to measurable residues in honey, especially when pesticides are sprayed in blooming cultivation. There is a clear relation between the chemical character, the used amount of ingredient and the potential for measurable residues in the harvested honey (Schur and Wallner, 2001). In the case of lipophilic substances, the bee colony has possibilities to reduce the collected pesticide during the honey preparation. On the other hand water soluble substances are hardly to reduce and create much higher levels in honey. Agriculture and apiculture, which in many fields belong together evolutionary, are responsible to find solutions in cases, where pesticide applications create problems for the honey quality. 

Since several years, there are efforts to harmonize the tolerated products and the limits of their residues in bee products (MRL). At the moment, only honey is in consideration. Actually, for the different groups of antibiotics against Foulbrood disease and varroacides, the regulations are the same in all EC-countries. But still, limits of plant protection pesticides in honey are not clearly defined, neither in nor between the countries. Regulations for residues from different sources in other bee products as pollen, beeswax and propolis are not available. 

Table 1:
Varroacide residues in beeswax of apiaries from different countries (2002) 
	
	ppm
	0,5 – 1
	> 1 -5
	> 5 - 10
	> 10 - 20
	> 20 - 30 
	> 30 - 40
	> 40 - 50

	Holland

(n=50)
	Bromopropylate
	6,0%
	 -
	 -
	 -
	 -
	 -
	 -

	
	Coumaphos
	14,0%
	10,0%
	 -
	 -
	 -
	 -
	 -

	
	Fluvalinate
	14,0%
	54,0%
	16,0%
	 -
	 -
	 -
	 -

	Italy

(n=27)
	Bromopropylate
	3,7%
	7,4%
	 -
	 -
	 -
	 -
	 -

	
	Coumaphos
	22,2%
	29,6%
	7,4%
	 -
	 -
	 -
	 -

	
	Fluvalinate
	18,5%
	40,7%
	7,4%
	 -
	 -
	 -
	 -

	Croatia

(n=35)
	Bromopropylate
	-
	2,9%
	 -
	 -
	 -
	 -
	 -

	
	Coumaphos
	20,0%
	17,1%
	2,9%
	 -
	 -
	 -
	 -

	
	Fluvalinate
	5,7%
	65,7%
	11,4%
	 -
	 -
	 -
	 -

	Austria

(n=49)
	Bromopropylate
	8,2%
	2,0%
	 -
	 -
	 -
	 -
	 -

	
	Coumaphos
	6,1%
	 -
	 -
	 -
	 -
	 -
	 -

	
	Fluvalinate
	14,3%
	40,8%
	8,2%
	 -
	 -
	 -
	 -

	Sweden

(n=31)
	Brompropylat
	3,2%
	 -
	 -
	 -
	 -
	 -
	 -

	
	Coumaphos
	 -
	3,2%
	 -
	 -
	 -
	 -
	 -

	
	Fluvalinat
	16,1%
	25,8%
	3,2%
	 -
	 -
	 -
	 -

	USA

(n=32)
	Bromopropylate
	 -
	 -
	 -
	 -
	 -
	 -
	 -

	
	Coumaphos
	6,3%
	6,3%
	3,1%
	15,6%
	6,3%
	31,3%
	18,8%

	
	Fluvalinate
	9,4%
	78,1%
	6,3%
	 -
	 -
	 -
	 -

	Germany

(n=718)
	Bromopropylate
	12,1%
	14,6%
	1,3%
	0,3%
	 -
	 -
	 -

	
	Coumaphos
	11,7%
	40,5%
	6,1%
	0,4%
	0,1%
	 -
	 -

	
	Fluvalinate
	12,0%
	9,2%
	1,1%
	0,4%
	 -
	 -
	 -


(- no positive samples)
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