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 Microparticle Dispensers for the Controlled Release of Insect Pheromones ARTHUR J. STIPANOVIC,* PATRICK J. HENNESSY, FRANCIS X. WEBSTER, YAE TAKAHASHI
 
 AND
 
 Department of Chemistry, College of Environmental Science and Forestry (SUNY-ESF), Jahn Laboratory, State University of New York, One Forestry Drive, Syracuse, New York 13210
 
 The potential utility of micrometer-sized particles as controlled-release devices for the volatilization of insect pheromones for mating disruption applications is evaluated in this study for two pheromone/ model compound systems (codlemone/1-dodecanol and disparlure/1,2-epoxyoctadecane). To expedite the measurement of release rates from these particle devices, two techniques based on thermogravimetric analysis (TGA) have been exploited: isothermal TGA (I-TGA) at elevated temperatures (40-80 °C) with N2 convection and volatilization temperature (VT) by dynamic TGA. A correlation between these two methods has been established. Samples that exhibit a higher VT provide a lower release rate from a particle substrate. Using these techniques, it has been demonstrated that chemical interactions between adsorbed liquids and particle surfaces may play a small role in defining release characteristics under conditions of low surface area, whereas parameters associated with total surface area and micropore structure appear to be much more significant in retarding evaporation for uncoated particles containing an adsorbed liquid. Additional regulation of release rates was achieved by coating the particle systems with water-soluble or water-dispersible polymers. By careful selection of particle porosity and coating composition, it is envisioned that the evaporation rate of pheromones can be tailored to specific insect control applications. KEYWORDS: Pheromones; controlled release; gypsy moth; codling moth; microparticles; codlemone; disparlure; thermogravimetric analysis; TGA
 
 INTRODUCTION
 
 The utility of pheromones in the process of insect mating disruption has been well established over the past several decades (1-7). A key element in a successful mating disruption program is to create a large number of point sources emitting pheromones, thereby creating many false trails that camouflage the location of a calling insect, usually the female. Furthermore, an effective controlled-release strategy is essential in maintaining the evaporation rate of the point source emitters at an appropriate level for insect response throughout the mating season. Lepidopteran pests (moths) are especially susceptible to the tactic of mating disruption, and field application of this method has proved to be very successful against a variety of forest and orchard pests including the gypsy moth (8-11) and codling moth (5, 7, 12) (Lymantria dispar and Cydia pomonella, respectively). A broad spectrum of controlled-release devices for pheromones have been proposed: hollow fibers, plastic laminates, impregnated ropes, “twist-ties”, wax formulations, and gel-like dispenser matrices (1-3, 13). Although effective in many cases, these devices suffer from several inherent limitations: * Corresponding author [telephone (315) 470-6860; fax (315) 470-4729; e-mail [email protected]].
 
 (1) Depending on the device and formulation, release rates may vary with time. So-called “zero-order” release kinetics, where the evaporation rate is independent of time, are most desirable. (2) For most pheromone dispensers, the airborne concentration of active ingredient falls off very rapidly with distance from the device, and they are effective only for relatively localized attraction and trapping of insects, assuming that a finite number of devices are applied. As a result, “multipoint source” pheromone emission is not typically achieved. (3) Certain devices can be relatively expensive or timeconsuming to fabricate and may not be amenable to mass production. (4) Implementation in the field can be very manpower intensive if individual devices must be fastened to trees by hand, and reaching the upper tree canopy, where many pheromones are most effective, can be difficult. (5) The polymeric device “packaging” is usually not biodegradable and can accumulate in the environment. Alternative approaches have involved the use of microcapsules and plastic beads filled or saturated with pheromone that can be broadly distributed by spraying to provide an almost infinite number of point sources (1, 2, 11, 14), but the other limitations cited above remain (cost, biodegradability, etc.).
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 Stipanovic et al. Table 1. Properties of Microparticle Substrates
 
 Figure 1. Polymer-coated porous substrate.
 
 Figure 2. Structures of the codling moth (A) and gypsy moth (B)
 
 pheromones.
 
 The primary objective of this study was to fabricate and characterize micrometer-sized biodegradable or environmentally benign particles suitable as vehicles for the widespread application of insect pheromones. A prototype particle design is provided in Figure 1 wherein a pheromone can be immobilized on a porous substrate coated with a polymer film membrane. It is envisioned that the pheromone-containing particles could be applied to areas requiring insect control by distribution from airplanes (14) or through conventional ground-based spraying equipment. Ultimately, it could become possible to control insect populations on a broader geographical level using microparticles, compared to devices such as “twist-ties”, while maintaining the environmental and efficacy advantages of pheromones compared to conventional, nonspecific pesticide application. In this study, attention was focused on the sex pheromones codlemone [(E,E)-8,10-dodecandien-1-ol] and (+)-disparlure [(Z)-7,8-epoxy-2-methyloctadecane], which are well-known to be effective in codling moth and gypsy moth control, respectively (11, 12). The chemical structures of these compounds are provided in Figure 2. The specific objectives of the present work are as follows: (1) the development of new analytical methods to accelerate the quantification of evaporation rates from micrometer-sized controlled-release particles; (2) evaluation of the effect of chemical composition and surface morphology on the ability of particulate substrates to adsorb pheromones while moderating their evaporation to air; (3) the development of a process to coat pheromone-containing particles with a release rate controlling polymer membrane; and (4) extrapolation of the results of this project to pheromone applications under realistic field conditions. MATERIALS AND METHODS Materials. Samples of the pheromones codlemone [C12H22O, formula weight (FW) ) 182.34] and (+)-disparlure (C19H38O, FW ) 282.51) were obtained from Bedoukian Research Inc. and Aldrich Chemical Co., respectively. Model compounds, 1-dodecanol [C12H26O, FW ) 186.34, boiling point (bp) ) 260 °C] and 1,2-expoxyoctadecane (C18H36O, FW ) 268.49, bp ) 137 °C at 0. 5 mmHg), obtained from Aldrich, were selected as model compounds for codlemone (bp ) 273 °C) and disparlure (bp ) 146 °C at 0.25 mmHg), respectively, on the basis of their similar chemical structures and volatilities. Model compounds were employed to reduce cost. Boiling point data for 1,2epoxyoctadecane (epoxyoctadecane) and disparlure were reported by the manufacturer, whereas results for 1-dodecanol (dodecanol) and
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 material
 
 surface chemistry
 
 surface area (m2/g)
 
 particle sizea (µm)
 
 MCC CMC HPC SF-14 C18 Super-Q
 
 polar ionic, polar hydrophobic polar hydrophobic slightly polar
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