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 U.S. Department of Agriculture, Beltsville Agricultural Research Center, Beltsville, M D 20705 D. S. MORENO U.S. Department of Agriculture, Boyden Entomology Laboratory, Riverside, CA 92521 Insect pheromones have been utilized in d e t e c t i o n , s u r v e y i n g , m o n i t o r i n g and c o n t r o l programs w i t h a wide v a r i e t y of i n s e c t species. The nature of these biologically a c t i v e compounds r e q u i r e s t h a t they be formulated in c o n t r o l l e d - r e l e a s e systems f o r prolonged biological effectiveness i n field programs. The laminate dispenser system holds an i n n e r r e s e r v o i r l a y e r c o n t a i n i n g pheromone between polymer membranes; the type and t h i c k n e s s of the membrane c o n t r o l s the r a t e of release. Such laminates have been i n v e s t i g a t e d for the c o n t r o l l e d r e l e a s e of the pheromones of corn earworm, tobacco budworm, gypsy moth, citrus mealybug, Comstock mealybug, and California red s c a l e . Data on the r e l e a s e r a t e s from v a r i o u s laminate dispensers are p r e s e n t e d . An i n t e n s e i n t e r e s t i n i n s e c t pheromones h a s been g e n e r a t e d a r o u n d t h e w o r l d i n t h e p a s t few y e a r s a s a p p l i c a t i o n s have been d e v e l o p e d t o u s e t h e s e b i o l o g i c a l l y a c t i v e compounds t o d e t e c t , s u r v e y , m o n i t o r p o p u l a t i o n s a n d , i n some c a s e s , t o c o n t r o l t h e t a r g e t i n s e c t s . Pheromones have been i d e n t i f i e d f o r c a . 250 i n s e c t s p e c i e s ( 1 ) most o f w h i c h a r e L e p i d o p t e r a . Many o f t h e s e compounds o r b l e n d s o f compounds have b e e n u s e d a s b a i t s i n survey o r monitoring traps t o detect o r estimate insect p o p u l a t i o n s ; some have a l s o been s u c c e s s f u l l y a p p l i e d f o r mass t r a p p i n g o f m a l e s and a s m a t i n g d i s r u p t a n t s i n i n s e c t c o n t r o l programs. L e p i d o p t e r a n pheromones g e n e r a l l y c o n t a i n 10-20 c a r b o n atoms w i t h a s i n g l e o x y g e n a t e d f u n c t i o n a l g r o u p s u c h a s a c e t a t e , a l c o h o l o r a l d e h y d e ; most have one o r more s i t e s o f unsaturation. The compounds a r e q u i t e v o l a t i l e , a n d some, p a r t i c u l a r l y the aldehydes, are unstable i n a i r . A l l of these f a c t o r s c o n t r i b u t e t o t h e need t o f o r m u l a t e t h e pheromones i n a This chapter not subject to U.S. copyright. Published 1982 American Chemical Society.
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 p r o t e c t i v e c o n t r o l l e d - r e l e a s e s y s t e m b e f o r e t h e y c a n be f u l l y and e c o n o m i c a l l y u t i l i z e d i n f i e l d p r o g r a m s f o r m o n i t o r i n g populations or d i s r u p t i n g mating. Over t h e y e a r s , many t y p e s o f s u c h c o n t r o l l e d - r e l e a s e f o r m u l a t i o n s have been e v a l u a t e d , s u c h a s c o t t o n w i c k s , r u b b e r septa, p o l y e t h y l e n e i n v a r i o u s forms, c i g a r e t t e f i l t e r s , p l a s t i c t a b l e t s , c o r k , wax, m o l e c u l a r s i e v e , e t c . ( 2 ) . I n r e c e n t y e a r s , commercial p r o d u c t i o n of c o n t r o l l e d - r e l e a s e f o r m u l a t i o n s has p r o v i d e d a n e c o n o m i c a l and r e p r o d u c i b l e s o u r c e o f pheromone d i s p e n s e r s and s m a l l p a r t i c l e s f o r a e r i a l d i s p e r s i o n . A t t h e p r e s e n t t i m e , many o f t h e i n s e c t pheromone p r o g r a m s i n v o l v i n g c o m m e r c i a l l y p r o d u c e d , c o n t r o l l e d - r e l e a s e p r o d u c t s u s e one o f the f o r m u l a t i o n s l i s t e d i n Table I . Table I Commercial F o r m u l a t i o n s
 
 Type Gelatin
 
 Manufacturer
 
 Microcapsules
 
 Polyurea
 
 Microcapsules
 
 Hollow P l a s t i c F i b e r s Polymer Laminates
 
 Rubber
 
 Septa
 
 Memb r a n e / R e s e r v o i r
 
 Application Dispensers Sprayable
 
 Eurand America (formerly National Cash R e g i s t e r Corp.) D a y t o n , OH I m p e r i a l Chemical Industries, Ltd., Bracknell Berkshire England
 
 X
 
 S t a u f f e r C h e m i c a l Co. R i c h m o n d , CA Albany I n t e r n a t i o n a l Needham, MA Hereon D i v . H e a l t h Chem. C o r p . New Y o r k , NY Zoecon Corp., P a l o A l t o , CA Bend R e s e a r c h , I n c . Bend, OR
 
 X
 
 X
 
 X
 
 X
 
 X
 
 X
 
 X X
 
 A number o f t h e f o r m u l a t i o n s c o n t a i n i n g pheromones have now b e e n r e g i s t e r e d by t h e E n v i r o n m e n t a l P r o t e c t i o n Agency f o r s p e c i f i c u s e i n i n s e c t management p r o g r a m s . F o r c o n t r o l l e d - r e l e a s e f o r m u l a t i o n s t o be e f f e c t i v e and e c o n o m i c a l , t h e y must r e l e a s e most o f t h e i r pheromone d u r i n g t h e f l i g h t season of the t a r g e t i n s e c t . Too r a p i d a r e l e a s e w o u l d n e c e s s i t a t e c o s t l y r e t r e a t m e n t , a n d t o o s l o w a r e l e a s e w o u l d be w a s t e f u l o f e x p e n s i v e pheromone by l e a v i n g a s i g n i f i c a n t amount
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 of pheromone i n the formulation a f t e r the i n s e c t season. The development of a s u i t a b l e formulation f o r a given compound or group of compounds always requires a c o n s i d e r a t i o n of the mechanism of r e l e a s e of the l u r e from the formulation and a l s o a determination of the rate at which the pheromone i s emitted under a given set of c o n d i t i o n s . The emission from a c o n t r o l l e d - r e l e a s e formulation i s g e n e r a l l y l i m i t e d by a d i f f u s i o n process which i s c o n t r o l l e d by the concentration gradient across a b a r r i e r to f r e e emission and the parameters of the b a r r i e r i t s e l f ( 3 ) . The rate of r e l e a s e follows approximate zero order k i n e t i c s i f the concentration gradient remains constant; i . e . , the r a t e i s independent of the amount of m a t e r i a l remaining i n the formulation except near exhaustion. A large r e s e r v o i r of pheromone i s g e n e r a l l y used to a t t a i n a zero order r e l e a s e . Most formulations, however, tend to f o l l o w f i r s t order k i n e t i c s , i n which the rate of emission depends on the amount of pheromone remaining. With f i r s t order k i n e t i c s , In [C /C] « k t where C i s the i n i t i a l c o n c e n t r a t i o n of pheromone, C i s the r e s i d u a l pheromone content at time t , and k i s the rate of r e l e a s e . When C = 1/2 C , the h a l f - l i f e , t j / , of the formulation i s 0.693/k. Discussions of the t h e o r e t i c a l basis f o r r e l e a s e rates appear elsewhere (4-7) The emission of a pheromone from a c o n t r o l l e d - r e l e a s e formulation can depend on the d i f f u s i o n through holes i n the matrix or on the p e n e t r a t i o n of the compound through a w a l l or membrane by absorption, s o l u t i o n and d i f f u s i o n ( 8 ) . Thus v a r i a t i o n i n the parameters of the formulations, such as f i l m thickness, p a r t i c l e s i z e , solvent, pore dimensions, e t c . , a l t e r s the r e l e a s e r a t e . The design of the formulation must therefore take i n t o account the e f f e c t of each v a r i a b l e on the emission r a t e i n order to develop a system that i s e f f e c t i v e during the appropriate c y c l e of the target i n s e c t . E v a l u a t i o n of a formulation design i s best done under f i e l d c o n d i t i o n s where the impact of environmental c o n d i t i o n s such as sun, wind, r a i n and humidity can a f f e c t the r e l e a s e r a t e . However, such f i e l d experiments are very c o s t l y and normally cannot be used to screen a l a r g e number of formulations. Therefore, l a b o r a t o r y methods have been developed to compare and evaluate formulations under a f i x e d s e t of c o n d i t i o n s . One l a b o r a t o r y method i n v o l v e s aging of the formulations i n a chamber maintained at c o n d i t i o n s that approximate those i n the field. A i r passing through a chamber containing the dispenser c a r r i e s the emitted pheromone i n t o an adsorbant trap f o r subsequent a n a l y s i s . In another method, the amount of pheromone released from a formulation stored i n a s t a t i c a i r container at a given temperature i s determined. In a t h i r d method, comparisons of r e s i d u a l pheromone i n formulations are made by weight-loss measurements. This procedure, however, s u f f e r s from two s i g n i f i c a n t drawbacks: 1) p r e c i s e measurement of weight i s r e q u i r e d , since t y p i c a l l y the pheromone l o s s i s i n the mg range, Q
 
 Q
 
 Q
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 and 2) c h a n g e s i n w e i g h t c a u s e d by f a c t o r s o t h e r t h a n pheromone l o s s ( s u c h a s m o i s t u r e a b s o r p t i o n ) must be m i n i m i z e d . Both of t h e s e p r o b l e m s c a n be e l i m i n a t e d by s o l v e n t e x t r a c t i o n o f t h e pheromone f r o m t h e f o r m u l a t i o n f o l l o w e d by gas chromatographic measurement o f r e s i d u a l pheromone. A d i s c u s s i o n o f t h e v a r i e t y o f methods f o r c o m p a r i s o n of f o r m u l a t i o n s i s p r e s e n t e d elsewhere Ç2). With the f o r m u l a t i o n s d e s c r i b e d here (namely the l a m i n a t e d i s p e n s e r s ) , we h a d p r e v i o u s l y d e t e r m i n e d t h a t t h e same p a t t e r n of r e l e a s e was o b t a i n e d by e i t h e r o f two methods o f measurement: c o l l e c t i o n of pheromone e m i t t e d u n d e r c o n t r o l l e d c o n d i t i o n s o f t e m p e r a t u r e and a i r speed ( j ^ , 10) o r d e t e r m i n a t i o n o f r e s i d u a l l u r e c o n t e n t by e x t r a c t i o n and gas chromatographic (GC) a n a l y s i s . S i n c e t h e l a t t e r method i s s i m p l e and r a p i d and p r o v i d e s r e p r o d u c i b l e d a t a f o r t h e c o m p a r i s o n of f o r m u l a t i o n s , i t was u s e d t o o b t a i n t h e d a t a p r e s e n t e d i n t h i s p a p e r . Formulations Our L a b o r a t o r y a t t h e U.S. D e p a r t m e n t of A g r i c u l t u r e has b e e n i n v o l v e d i n pheromone r e s e a r c h f o r o v e r 10 y e a r s and has i d e n t i f i e d and s y n t h e s i z e d s u c h b i o l o g i c a l l y a c t i v e compounds f o r many i n s e c t s p e c i e s . As a n a t u r a l f o l l o w u p t o t h o s e i d e n t i f i c a t i o n s and s y n t h e s e s , we have e v a l u a t e d c o n t r o l l e d r e l e a s e f o r m u l a t i o n s of t h e pheromones f o r a p p l i c a t i o n i n m o n i t o r i n g and m a t i n g d i s r u p t i o n p r o g r a m s . I n e a r l y a i r p e r m e a t i o n s t u d i e s , we u t i l i z e d a v a r i e t y of s u b s t r a t e s , s u c h a s p a p e r , c o r k , and m o l e c u l a r s i e v e s ( 1 1 ) a s m a t r i c e s f o r d i s p e r s i o n o f d i s p a r l u r e i n t h e g y p s y moth, L y m a n t r i a d i s p a r ( L . ) , p r o g r a m . L a t e r , m i c r o c a p s u l e s , h o l l o w f i b e r s and l a m i n a t e f l a k e s ( 1 1 - 1 6 ) c o n t a i n i n g pheromone ( s e e T a b l e I ) were s p r a y e d i n m a t i n g d i s r u p t i o n programs f o r t h e g y p s y moth and t h e o r i e n t a l f r u i t moth, G r a p h o l i t a m o l e s t a ( B u s c k ) . F o r m o n i t o r i n g o r s u r v e y t r a p s c o n t a i n i n g pheromone as b a i t , t h e d i s p e n s e r s we used i n i t i a l l y were c o t t o n w i c k s t r e a t e d w i t h the l u r e p l u s a v o l a t i l i t y e x t e n d e r ( 1 7 ) , b u t we began u s i n g c o m m e r c i a l l y p r o d u c e d l a m i n a t e d i s p e n s e r s ( 1 8 , 19) as t h e y became a v a i l a b l e i n t h e mid 1970's· S i n c e t h a t t i m e , we have t e s t e d d i s p e n s e r s c o n t a i n i n g pheromones f o r a v a r i e t y o f i n s e c t s and h a v e d e t e r m i n e d t h e i r r e l e a s e r a t e s ( 2 ^ 9_ 20, 2 1 ) . In t h i s paper, I w i l l describe r e s u l t s obtained i n the c o n t i n u a t i o n o f t h i s work w i t h t h e l a m i n a t e f o r m u l a t i o n s . The l a m i n a t e s c o n s i s t of an i n n e r l a y e r t h a t c o n t a i n s t h e pheromone p l u s l a m i n a t i n g r e s i n s and o u t e r l a y e r s made of p o l y m e r i c membranes. The l u r e d i f f u s e s f r o m t h e i n n e r r e s e r v o i r t h r o u g h t h e membrane l a y e r s and e v a p o r a t e s f r o m t h e p o l y m e r s u r f a c e . At t h e pheromone c o n c e n t r a t i o n s t h a t we h a v e e v a l u a t e d , t h e r e l e a s e r a t e g e n e r a l l y f o l l o w s f i r s t order k i n e t i c s , w i t h the r a t e p r o p o r t i o n a l to the c o n c e n t r a t i o n of l u r e . The p a r a m e t e r s o f t h e p o l y m e r i c membrane, i n c l u d i n g t h i c k n e s s and b a c k b o n e 9
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 s t i f f n e s s , and t h e n a t u r e o f t h e pheromone i t s e l f ( m o l e c u l a r w e i g h t and p o l a r i t y ) c o n t r o l t h e r a t e o f r e l e a s e ( 8 ) . I n a d d i t i o n , we f o u n d t h a t t h e s i z e o f t h e l a m i n a t e f l a k e o r d i s p e n s e r a l s o can a l t e r t h e e m i s s i o n r a t e s i n c e some l u r e e s c a p e s f r o m t h e edges o f t h e l a m i n a t e as w e l l as f r o m t h e t o p and b o t t o m p o l y m e r l a y e r s ( 9 ) .
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 Evaluation The f o r m u l a t i o n s were aged i n a l a b o r a t o r y , a g r e e n h o u s e , o r o u t d o o r s f o r 6 t o 12 w e e k s . P e r i o d i c a l l y , s a m p l e s were removed and e x t r a c t e d w i t h hexane o r 20% a c e t o n e i n h e x a n e ; t h e e x t r a c t s were a n a l y z e d by GC on a H e w l e t t P a c k a r d ( A v o n d a l e , PA) m o d e l 5830A i n s t r u m e n t f i t t e d w i t h an a u t o s a m p l e r ( m o d e l 7 6 7 1 A ) . The c o l u m n was u s u a l l y 1.8 m χ 3 mm i . d . , 3% SP2100 on 100/120 mesh S u p e l c o p o r t ( S u p e l c o I n c . , B e l i e f o n t e , P A ) ; t h e c o l u m n t e m p e r a t u r e and p r o g r a m c o n d i t i o n s v a r i e d w i t h t h e pheromone b e i n g m e a s u r e d . The measured l u r e c o n t e n t s were e x p r e s s e d as p e r c e n t b a s e d on t h e s t a r t i n g w e i g h t o f t h e d i s p e n s e r o r as mg p e r u n i t a r e a o f d i s p e n s e r . Heliothis
 
 Species
 
 A number o f i n s e c t s p e c i e s , i n c l u d i n g c o r n earworm, H e l i o t h i s z e a ( B o d d i e ) , and t o b a c c o budworm, H e l i o t h i s v i r e s c e n s ( F . ) , c o n t a i n C ^ and C,, a l d e h y d e s ( C ^ a l and C a l ) i n t h e i r pheromone b l e n d s ( 2 2 , 23;. The r e l e a s e r a t e of a C ^ a l w o u l d be e x p e c t e d t o be h i g h e r t h a n t h a t o f a C ^ a l b e c a u s e or t h e molecular weight d i f f e r e n c e . A m i x t u r e c o n t a i n i n g 10% n-tetradecanal ( C ^ a l ) i n (Z)-ll-hexadecenal [ O O - l l - C ^ a l ] was f o r m u l a t e d i n f o u r l a m i n a t e s , e a c h made f r o m a d i f f e r e n t t y p e o f p o l y m e r i c membrane as t h e t o p and b o t t o m l a y e r s : vinyl, M y l a r - c o a t e d v i n y l , a c r y l i c , and r i g i d v i n y l f i l m . (The s a t u r a t e d C , a ° O 1 was u s e d as a model b e c a u s e o f a v a i l a b i l i t y . ) The t o t a l a l a e h y d e c o n t e n t was a p p r o x i m a t e l y 2.3 mg p e r cm of l a m i n a t e ; 0.7% ( o f t h e pheromone w e i g h t ) o f 2 , 6 - d i - t e r t - b u t y l - 4 m e t h y l p h e n o l (BHT) was added as an a n t i o x i d a n t . T a b l e I I g i v e s the t h i c k n e s s of the polymers. The l a m i n a t e s were c u t i n t o 3 x 3 and 13 χ 13 mm d i s p e n s e r s w h i c h were t h e n aged i n 2 l o c a t i o n s : w i t h i n a greenhouse i n M a r y l a n d (mean t e m p e r a t u r e c a . 32°C) and o u t d o o r s i n T e x a s [ d a y t i m e max. temp i n l o w 20's (°C) and m i n . temp i n l o w 10's (°C)]. Some d i s p e n s e r s were c o a t e d w i t h a f i l m o f RA-1645 a d h e s i v e ( M o n s a n t o C o r p . , S t . L o u i s , MO) as u s e d i n a e r i a l a p p l i c a t i o n s , i n o r d e r t o determine the e f f e c t of the a d h e s i v e on t h e r e l e a s e r a t e . A t r e g u l a r i n t e r v a l s , sample d i s p e n s e r s w e r e e x t r a c t e d ( 2 0 % a c e t o n e i n h e x a n e ) and t h e C ^ and a l d e h y d e c o n t e n t s were m e a s u r e d by GC. F i g u r e 1 shows a t y p i c a l p l o t o f % a l d e h y d e v s days aged i n t h e M a r y l a n d g r e e n h o u s e . The amount o f l u r e r e l e a s e d d u r i n g t h e a g i n g p e r i o d was determined 1 6
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 Figure 1. Loss of tetradecanal (C al) and (Z)-ll-hexadecenal (C al) from Mylarcoated vinyl laminate dispensers aged in a greenhouse. Key: C al (Φ) and C al H
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 These d a t a i l l u s t r a t e s e v e r a l c h a r a c t e r i s t i c s o f t h e l a m i n a t e d i s p e n s e r s . The s m a l l e r 3 χ 3 mm d i s p e n s e r s r e l e a s e pheromone c o n s i d e r a b l y f a s t e r t h a n t h e 13 χ 13 mm d i s p e n s e r s , due t o t h e e s c a p e of l u r e f r o m t h e edges o r p e r i m e t e r of t h e l a m i n a t e ; t h e r a t i o of edge t o t o p and b o t t o m s u r f a c e a r e a f o r t h e 3 χ 3 mm d i s p e n s e r s i s 12 mm edge:18 mm a r e a and f o r t h e 13 χ 13 mm d i s p e n s e r s i s 52 mm:338 mm . T h i s e f f e c t has been r e p o r t e d e a r l i e r ( 9 ) . The i n c r e a s e d s t i f f n e s s o f t h e p o l y m e r backbone i n r i g i d v i n y l appears to reduce the e m i s s i o n of the a l d e h y d e s i n c o m p a r i s o n t o t h e f l e x i b l e v i n y l of t h e same (4 mil) thickness. A Mylar c o a t i n g s i g n i f i c a n t l y reduces the d i f f u s i o n t h r o u g h t h e v i n y l membrane, and t h e a c r y l i c p o l y m e r i s t h e l e a s t p e r m e a b l e o f t h e 4 t y p e s t e s t e d . The r e l e a s e o f b o t h a l d e h y d e s was s i m i l a r f o r a l l of t h e f i e l d - a g e d d i s p e n s e r s and f o r t h e g r e e n h o u s e - a g e d M y l a r - c o a t e d v i n y l ; on t h e o t h e r h a n d , t h e v i n y l and r i g i d v i n y l d i s p e n s e r s aged i n t h e g r e e n h o u s e r e l e a s e d C , ^ a l f a s t e r t h a n C ^ a l . T h i s i s an i m p o r t a n t c o n s i d e r a t i o n when one i s d e s i g n i n g a f o r m u l a t i o n t o r e l e a s e a c o n s t a n t r a t i o o f a b l e n d o f pheromone components t h a t d i f f e r i n molecular weight. S i n c e aldehydes are r e a d i l y o x i d i z e d i n a i r to the c o r r e s p o n d i n g a c i d s , t h e e x t r a c t s of t h e d i s p e n s e r s were a l s o a n a l y z e d f o r C j ^ a c i d (GC u s i n g a 10% AT-1000 c o l u m n a t 250°C). No a c i d was d e t e c t e d i n d i s p e n s e r s aged as l o n g as 8 weeks; b a s e d on known q u a n t i t i e s o f C ^ a c i d , l e s s t h a n 5%, i f a n y , o f t h e a l d e h y d e o r i g i n a l l y p r e s e n t i n t h e d i s p e n s e r had o x i d i z e d to a c i d . T h u s , t h e c o m b i n a t i o n of p o l y m e r l a m i n a t e 2
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 p l u s BHT gave a d e q u a t e p r o t e c t i o n o f t h e a l d e h y d e f u n c t i o n . The c o a t i n g o f RA-1645 s t i c k e r had no s i g n i f i c a n t e f f e c t on t h e r e l e a s e of the aldehydes. In another experiment, a m i x t u r e of C ^ ° a l ( 5 % ) , ( Z ) - l l C ^ a l ( 9 0 % ) and ( Z M l - C ^ o l [ ( Z , ) - l l - h e x a d e c e n - l - o l ] ( 5 % ) was i n c o r p o r a t e d i n t o 3 o t h e r t y p e s of l a m i n a t e d i s p e n s e r s a t a p p r o x i m a t e l y 1.6 mg/cm ; BHT was a g a i n added as a n antioxidant. The a l c o h o l was i n c l u d e d s i n c e i t i s a component of t h e pheromone of t h e t o b a c c o budworm. The l a m i n a t e s were c u t i n t o 4 χ 20 mm d i s p e n s e r s and a g a i n were aged i n 2 l o c a t i o n s : a t room t e m p e r a t u r e i n a l a b o r a t o r y i n M a r y l a n d and o u t d o o r s i n A r i z o n a ( O c t o b e r - D e c e m b e r ) . A t s e l e c t e d i n t e r v a l s , sample d i s p e n s e r s f r o m e a c h l o c a t i o n were e x t r a c t e d and GC a n a l y s e s p e r f o r m e d f o r a l l 3 components as w e l l as f o r a c i d formed t h r o u g h o x i d a t i o n . A g a i n , no C ^ a c i d was d e t e c t e d i n any o f t h e f o r m u l a t i o n s . The t ^ / v a l u e s f o r t h e l a b o r a t o r y and f i e l d aged d i s p e n s e r s a r e g i v e n i n T a b l e I I I .
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 The l o n g e r t ^ v a l u e s f o r the l a b o r a t o r y - a g e d samples r e f l e c t t h e l o w e r a v e r a g e t e m p e r a t u r e and a i r movement i n t h e l a b o r a t o r y as compared t o t h e f i e l d s i t u a t i o n . As e x p e c t e d , t h e v i n y l l a m i n a t e r e l e a s e d t h e a l d e h y d e s much t o o r a p i d l y b u t c o u l d be s u i t a b l e f o r t h e a l c o h o l component. The a c r y l i c l a m i n a t e m i g h t a l s o be u s e f u l f o r t h e a l c o h o l . The p o l y m e r i c PVC and a c r y l i c laminates produced a g r e a t e r d i f f e r e n c e i n the r e l e a s e of t h e C ^ and C ^ a l d e h y d e s t h a n d i d t h e M y l a r - c o a t e d v i n y l dispensers evaluated i n the previous t e s t . I f the i n s e c t b e h a v i o r r e q u i r e s t h a t a l l of t h e components of t h e pheromone b l e n d be r e l e a s e d i n a c o n s t a n t r a t i o and a r a t e p r o p o r t i o n a l t o t h e i r o r i g i n a l c o n c e n t r a t i o n , then i t i s l i k e l y t h a t the a l c o h o l w o u l d have t o be be f o r m u l a t e d i n one d i s p e n s e r ( e . g . i n 3 ~ m i l a c r y l i c ) and t h e C ^ a l and C ^ a l i n a n o t h e r ( e . g . i n M y l a r coated v i n y l ) . B o t h of t h e d i s p e n s e r s c o u l d t h e n be d e p l o y e d a t each l o c a t i o n i n the f i e l d . 2
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 Gypsy M o t h The g y p s y m o t h s e x a t t r a c t a n t , d i s p a r l u r e [ ( c i s ) - 7 , 8 - e p o x y 2 - m e t h y l o c t a d e c a n e ] , was one of t h e f i r s t pheromones t o be evaluated i n a laminate dispenser (19)* S i n c e 1975, a l l o f t h e USDA s u r v e y t r a p s f o r m o n i t o r i n g g y p s y moth p o p u l a t i o n s h a v e u t i l i z e d t h i s t y p e of d i s p e n s e r . I n t h e m i d - 1 9 7 0 ' s , 25 mg o f r a c e m i c d i s p a r l u r e i n a 25 χ 25 mm d i s p e n s e r (2-9 m i l , v i n y l p o l y m e r ) s e r v e d as t h e b a i t i n t h e s u r v e y t r a p s ; h o w e v e r , o n c e t h e more a t t r a c t i v e s y n t h e t i c , o p t i c a l l y a c t i v e ( + ) - d i s p a r l u r e became a v a i l a b l e i n l i m i t e d q u a n t i t i e s , t h e s u r v e y d i s p e n s e r s were r e d u c e d i n b o t h s i z e and l u r e c o n t e n t t o c o n s e r v e l u r e and t o r e d u c e t h e c o s t . D i s p e n s e r s made f r o m 2 - m i l v i n y l f i l m w e r e e v a l u a t e d i n t h e f o l l o w i n g s i z e s and l u r e c o n t e n t s : 1 χ 100 mm d i s p e n s e r s c o n t a i n i n g 0.12, 0.41, 0.90 and 1.70 mg o f ( + ) d i s p a r l u r e , 4 χ 25 mm d i s p e n s e r s c o n t a i n i n g 0.15, 0.35, 0.86 and 1.76 mg, and 16 χ 19 mm d i s p e n s e r s c o n t a i n i n g 0.46, 1.60 and 2.65 mg. The d i s p e n s e r s w e r e aged o u t d o o r s i n J u n e and J u l y , 1979 i n M a r y l a n d and s a m p l e s were e v a l u a t e d a f t e r 0, 9 and 34 days o f a g i n g . The r a t e o f l o s s o f l u r e was i n d e p e n d e n t o f c o n c e n t r a t i o n w i t h i n the l a m i n a t e but d i d v a r y w i t h d i s p e n s e r s h a p e . The 1 χ 100 mm d i s p e n s e r s w i t h maximum edge o r p e r i m e t e r r e l a t i v e t o s u r f a c e a r e a l o s t 46% o f t h e l u r e i n t h e 34 d a y s =
 
 ^ days). The 16 χ 19 mm d i s p e n s e r s w i t h t h e l e a s t amount o f edge r e l a t i v e t o a r e a l o s t o n l y 33% (t\/2 58 d a y s ) , w h i l e t h e 4 χ 25 mm d i s p e n s e r s gave an i n t e r m e d i a t e l o s s o f 36% (t^/2 53 d a y s ) o v e r t h e same 34-day p e r i o d . On t h e b a s i s of t h i s t e s t as w e l l as t h e i n s e c t r e s p o n s e t o v a r i o u s d i s p e n s e r b a i t s , t h e 4 χ 25 mm s i z e d i s p e n s e r s were c h o s e n f o r u s e i n s u r v e y t r a p s . The amount of s y n t h e t i c ( + ) d i s p a r l u r e a v a i l a b l e has d i c t a t e d a c o n c e n t r a t i o n o f 0.5 - 1.0 mg of l u r e p e r d i s p e n s e r . D i s p a r l u r e has a l s o b e e n u s e d i n m a t i n g d i s r u p t i o n e x p e r i m e n t s s i n c e t h e e a r l y 1970's and many o f t h e s e e x p e r i m e n t s h a v e d e m o n s t r a t e d t h a t m a t i n g o f t e t h e r e d f e m a l e s c o u l d be r e d u c e d by 90% o r b e t t e r i n p l o t s t r e a t e d w i t h c o n t r o l l e d r e l e a s e f o r m u l a t i o n s o f 20-50 g o f r a c e m i c l u r e p e r h e c t a r e (12). One s u c c e s s f u l d i s p a r l u r e f o r m u l a t i o n f o r a e r i a l a p p l i c a t i o n has b e e n t h e l a m i n a t e d i s p e n s e r chopped i n t o s m a l l f l a k e s and c o a t e d w i t h a d h e s i v e ; a s p e c i a l a p p a r a t u s has b e e n d e s c r i b e d f o r t h e a p p l i c a t i o n of t h e s e f l a k e s ( s e e l a t e r c h a p t e r s i n t h i s symposium by P l i m m e r e t a l . and K y d o n e i e u s e t al.). Based on t h e r e l e a s e d a t a o b t a i n e d w i t h d i s p e n s e r s , t h e s m a l l f l a k e s , w h i c h h a v e a h i g h amount of p e r i m e t e r o r edge r e l a t i v e t o t h e i r s u r f a c e a r e a , w h o u l d be e x p e c t e d t o l o s e l u r e a t a f a s t e r r a t e t h a n l a r g e r d i s p e n s e r s made o f t h e same laminate. Gypsy moth m a t i n g d i s r u p t i o n t e s t s i n M a r y l a n d and New J e r s e y i n 1979 u t i l i z e d i r r e g u l a r l y s h a p e d f l a k e s made o f 3 - m i l v i n y l f i l m ; t h e s i z e o f t h e f l a k e s r a n g e d f r o m 5-40 mm , w i t h =
 
 =
 
 2
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 a n a v e r a g e s i z e of a b o u t 9 mm . These l a m i n a t e f l a k e s were s l u r r i e d i n RA-1645 a d h e s i v e and d i s p e r s e d by a i r c r a f t . The l u r e c o n t e n t was m e a s u r e d p e r i o d i c a l l y i n f l a k e s r e c o v e r e d f r o m s p r a y p l o t s , and t h e t w was f o u n d t o be a b o u t 59 d a y s . F o r 1980 t e s t s i n M a r y l a n d , a n e f f o r t was made t o r e l e a s e a g r e a t e r amount of t h e l u r e d u r i n g t h e peak f l i g h t p e r i o d of t h e i n s e c t by r e d u c i n g t h e s i z e o f t h e f l a k e s . The l a m i n a t e ( a g a i n 3 - m i l v i n y l f i l m ) was chopped i n t o 2.4 χ 2.4 mm s q u a r e s (5.7 mm ). The t w o , as measured f r o m t h e l u r e c o n t e n t s o f r e c o v e r e d f l a k e s , had o n l y d r o p p e d t o 53 d a y s . S i n c e a s t i l l s h o r t e r t , y was d e s i r e d , t h e s i z e o f t h e f l a k e s was r e d u c e d t o 1.9 mm (0.8 χ 2.4 mm) f o r t h e 1981 t e s t s i n W i s c o n s i n and M i c h i g a n ; t h e 3 - m i l v i n y l f i l m was a g a i n u s e d as t h e t o p and b o t t o m l a y e r s of t h e l a m i n a t e . The a n a l y s i s of r e c o v e r e d f l a k e s gave t ^ y v a l u e s of 38 d a y s i n W i s c o n s i n and 46 days i n M i c h i g a n ; t h i s r e l e a s e seems ample f o r t h e p r o g r a m n e e d s , e s p e c i a l l y when one c o n s i d e r s t h a t t h e r e l e a s e f r o m t h e s e f l a k e s w o u l d be somewhat f a s t e r a t t h e warmer t e m p e r a t u r e s e n c o u n t e r e d i n E a s t e r n s t a t e s s u c h as M a r y l a n d . 2
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 Citrus Insects I n 1980, we r e p o r t e d t h e s t r u c t u r e o f t h e Cornstock m e a l y b u g , P s e u d o c o c c u s c o r n s t o c k i (Kuwana), pheromone as 2,6d i m e t h y l - l , 5 - h e p t a d i e n - 3 - o l a c e t a t e ( 2 4 , 25) and i n 1981, we i d e n t i f i e d t h e pheromone of t h e c i t r u s m e a l y b u g , P l a n o c o c c u s c i t r i ( R i s s o ) , as ( l R - c i s ) - ( + ) - 2 , 2 - d i m e t h y l - 3 - ( 1 methylethenyl)cyclobutanemethanol a c e t a t e ( 2 6 ) . B o t h of t h e s e pheromones h a v e been s y n t h e s i z e d and a r e c u r r e n t l y b e i n g u s e d as b a i t s i n m o n i t o r t r a p s i n C a l i f o r n i a and T e x a s . These compounds a r e more v o l a t i l e t h a n t h e pheromones f o r most o t h e r i n s e c t s and t h e r e f o r e f o r m u l a t i o n s f o r c o n t r o l l e d r e l e a s e need t o be m o d i f i e d from those d e s c r i b e d e a r l i e r . The o p t i c a l l y a c t i v e c i t r u s m e a l y b u g (CIMB) pheromone was i n t i a l l y f o r m u l a t e d i n l a m i n a t e d i s p e n s e r s (13 χ 13 mm) made o f 9 - m i l v i n y l and 1 6 - m i l p o l y m e r i c PVC f i l m s . The d i s p e n s e r s , c o n t a i n i n g 1 mg o f pheromone, were aged o u t d o o r s i n C a l i f o r n i a i n l a t e 1980 a t t e m p e r a t u r e s r a n g i n g f r o m 27-38°C i n t h e day and 7-16°C o v e r n i g h t . A n a l y s i s f o r r e s i d u a l pheromone showed t h a t o v e r 98% of t h e l u r e was r e l e a s e d by t h e v i n y l d i s p e n s e r s i n t h e f i r s t week ( t ^ = 2 d a y s ) , w h i l e t h e p o l y m e r i c PVC f o r m u l a t i o n s gave a s l o w e r r e l e a s e w i t h a t , / o f 11 d a y s . In a second t e s t conducted to e v a l u a t e a d i s p e n s e r t h a t w o u l d r e l e a s e l u r e more s l o w l y , t h e CIMB pheromone was f o r m u l a t e d i n b o t h 1 6 - m i l p o l y m e r i c PVC and 3 - m i l a c r y l i c films. The d i s p e n s e r s (50 χ 12 mm), c o n t a i n i n g 10 mg o f pheromone, were aged i n a g r e e n h o u s e i n C a l i f o r n i a a t t e m p e r a t u r e s r a n g i n g f r o m 21 t o 36°C. A n a l y s e s f o r r e s i d u a l l u r e c o n t e n t o v e r a 7-week p e r i o d gave t ^ y v a l u e s o f 19 d a y s f o r t h e p o l y m e r i c PVC and 44 days f o r t h e a c r y l i c d i s p e n s e r s . 2
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 A f i n a l t e s t t o develop t h e best laminate dispenser f o r CIMB pheromone a g a i n compared t h e 3 - m i l a c r y l i c v s 1 6 - m i l p o l y m e r i c PVC d i s p e n s e r s c o n t a i n i n g 1 mg o f pheromone. I n t h i s e x p e r i m e n t , t h e s e s a m p l e s w e r e aged o u t d o o r s i n C a l i f o r n i a d u r i n g t h e summer o f 1981 ( d a y t i m e t e m p e r a t u r e s o f a b o u t 32-39°C and e v e n i n g t e m p e r a t u r e s o f 15-21°C). Rubber s e p t a ( 5 x 9 mm, A.H. Thomas, P h i l a d e l p h i a , PA) i m p r e g n a t e d w i t h 1.2 mg o f pheromone were a l s o i n c l u d e d i n t h e e v a l u a t i o n . The a n a l y s e s f o r r e s i d u a l l u r e o f t h e 13 χ 13 mm d i s p e n s e r s gave t w values of 42 days f o r t h e a c r y l i c , 23 days f o r t h e p o l y m e r PVC and j u s t 3 d a y s f o r t h e r u b b e r s e p t a d i s p e n s e r s . These v a l u e s a r e i n v e r y good agreement w i t h t h e v a l u e s o b t a i n e d w i t h g r e e n h o u s e aged d i s p e n s e r s . A s i m i l a r s e t o f e x p e r i m e n t s was c o n d u c t e d f o r t h e d e v e l o p m e n t o f a l a m i n a t e d i s p e n s e r f o r t h e Cornstock m e a l y b u g (COMB) pheromone. I n i t i a l l y , 2 - o c t y l a c e t a t e , w h i c h h a s a v o l a t i l i t y a n d p o l a r i t y s i m i l a r t o t h a t o f t h e pheromone, was u s e d as a model and was i n c o r p o r a t e d i n 3 t y p e s o f l a m i n a t e d i s p e n s e r s ; 1 6 - m i l p o l y m e r i c PVC, 6 - m i l a c r y l i c a n d 9 - m i l v i n y l f i l m s were u s e d . D i s p e n s e r s ( 1 3 χ 13 mm) c o n t a i n i n g 2.7 mg o f compound were aged i n a g r e e n h o u s e i n C a l i f o r n i a a t t e m p e r a t u r e s r a n g i n g f r o m 21-36°C a n d t h e n a n a l y z e d . The 2 - o c t y l a c e t a t e c o n t e n t s gave t ^ ^ v a l u e s o f 1 day f o r t h e 9 - m i l v i n y l , 8 d a y s f o r t h e 1 6 - m i l p o l y m e r i c PVC a n d g r e a t e r t h a n 40 d a y s f o r t h e 6-mil a c r y l i c f i l m . On t h e b a s i s o f t h i s e x p e r i m e n t , t h e 9 - m i l v i n y l and t h e 6 - m i l a c r y l i c f i l m s were e l i m i n a t e d f r o m consideration. A s e c o n d t e s t compared 50 χ 12 mm d i s p e n s e r s made o f t h i n n e r a c r y l i c f i l m ( 3 - i n s t e a d of 6-mil) w i t h those of 16-mil p o l y m e r i c PVC; e a c h d i s p e n s e r c o n t a i n e d a b o u t 10 mg o f s y n t h e t i c r a c e m i c pheromone. These were aged i n a C a l i f o r n i a g r e e n h o u s e a s i n t h e p r e v i o u s t e s t , and t h e l u r e c o n t e n t s were measured w e e k l y f o r a 6-week p e r i o d . The a n a l y s e s showed s i m i l a r v a l u e s f o r t h e 2 f o r m u l a t i o n s : 16 d a y s f o r t h e 1 6 - m i l p o l y m e r i c PVC a n d 18 days f o r t h e 3 - m i l a c r y l i c d i s p e n s e r s . The f i n a l d i s p e n s e r e v a l u a t i o n w i t h COMB pheromone a g a i n compared d i s p e n s e r s made o f 3 - m i l a c r y l i c f i l m w i t h t h o s e o f 16m i l p o l y m e r i c PVC; t h e 13 χ 13 mm l a m i n a t e d i s p e n s e r s e a c h c o n t a i n e d 1 mg o f r a c e m i c pheromone. A l s o i n c l u d e d i n t h i s t e s t were r u b b e r s e p t a b a i t e d w i t h 1 mg o f compound. A l l o f t h e d i s p e n s e r s were aged o u t d o o r s i n C a l i f o r n i a a t t e m p e r a t u r e s r a n g i n g f r o m 32-39°C i n t h e d a y t i m e t o 15-21°C o v e r n i g h t . A n a l y s e s o f r e s i d u a l l u r e c o n t e n t s showed a t ^ / ? o f j u s t 2 d a y s f o r t h e r u b b e r s e p t a a n d a p p r o x i m a t e l y 15 d a y s f o r t h e 1 6 - m i l p o l y m e r i c PVC l a m i n a t e ; t h e 3 - m i l a c r y l i c d i s p e n s e r s l o s t pheromone so s l o w l y t h a t t ^ / 2 c o u l d n o t be m e a s u r e d , b u t i t was much g r e a t e r t h a n 70 d a y s . On t h e b a s i s o f t h e s e t e s t s , l a m i n a t e d i s p e n s e r s made o f 1 6 - m i l p o l y m e r i c PVC were s e l e c t e d f o r t h e COMB m o n i t o r i n g p r o g r a m a n d h a v e been s u c c e s s f u l l y u s e d i n 1980 a n d 1981. 2
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 The C a l i f o r n i a red s c a l e , A o n i d i e l l a aurantii (Maskell), i s another important pest of c i t r u s f o r which the pheromone has been i d e n t i f i e d (27); although the pheromone c o n s i s t s of 2 novel components: 3-methyl-6-isopropenyl-9-decen-l-yl acetate ( I ) and ÇZ)-3-methyl-6-isopropenyl-3,9-decadien-l-yl acetate ( I I ) , only compound I i s used i n the monitoring program f o r C a l i f o r n i a red s c a l e (CSR) males. In an e f f o r t to evaluate laminate dispensers f o r use i n the CRS program, compound I was formulated i n dispensers made of 4- and 9-mil v i n y l and 16-mil polymeric PVC f i l m . Dispensers (50 χ 12 mm) c o n t a i n i n g approximately 10 mg of I were aged i n a C a l i f o r n i a greenhouse (21-36°C) and analyzed p e r i o d i c a l l y f o r pheromone content. The t j y values obtained were 3 days f o r the 4-mil v i n y l , 5 days f o r the 9-mil v i n y l and 18 days f o r the 16-mil polymeric PVC f i l m s . A second e v a l u a t i o n of dispensers was made to compare the r e l e a s e of CRS pheromone component I from 9-mil v i n y l and 16-mil polymeric PVC laminates c o n t a i n i n g 1 mg i n 13 χ 13 mm dispensers, f o l l o w i n g outdoor aging i n C a l i f o r n i a (32-39°C i n the daytime and 15-21°C o v e r n i g h t ) . Rubber septa b a i t e d with 0.1, 1.0 and 10 mg of I were a l s o i n c l u d e d i n the t e s t . As i n the previous t e s t , the laminate of 9-mil v i n y l f i l m r e l e a s e d the pheromone very q u i c k l y ( t ^ / 3 days) and was thus judged u n s u i t a b l e f o r c o n t r o l l e d r e l e a s e i n the CRS program. The t ^ values f o r the rubber septa ( a l l 3 l o a d i n g s ) and the 16-mil polymeric laminate were s i m i l a r , approximately 40 days. The analyses showed, however, that the rubber septa l o s t l i t t l e , i f any, l u r e beyond the 40-50 day aging p e r i o d ; t h i s was p a r t i c u l a r l y true of the lower loadings (0.1 and 1 mg) and suggests that some of the pheromone i s i r r e v e r s i b l y " t i e d - u p " w i t h i n the septa. This i s not a problem with the polymeric PVC laminate; pheromone continued to be r e l e a s e d , even a f t e r 98 days of f i e l d aging. As i n the case of the Cornstock and c i t r u s mealybug pheromones, the r e l e a s e data f o r the C a l i f o r n i a red s c a l e pheomone showed that the laminate formulation made with 16-mil polymeric PVC f i l m gave a l o n g - l a s t i n g and s u i t a b l e dispenser f o r the monitoring program. The r e s u l t s of these dispenser evaluations are summarized f o r c i t r u s i n s e c t pheromones i n Table IV.
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 Summary The e v a l u a t i o n of laminate dispensers based on l u r e contents of aged samples has shown that the r e l e a s e r a t e f o r a given pheromone can be widely a l t e r e d by formulation i n various types of polymer membranes of d i f f e r i n g t h i c k n e s s e s . The and C^£ aldehyde pheromones are c h e m i c a l l y s t a b l e i n the laminate, and a laminate can be s e l e c t e d f o r these aldehydes to give a h a l f - l i f e , t ] / o > from 1 to 8 weeks, depending on the d u r a t i o n of b i o l o g i c a l e f f e c t i v e n e s s needed. The C ^ a l c o h o l i s
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 r e l e a s e d much more s l o w l y t h a n t h e c o r r e s p o n d i n g a l d e h y d e s . S m a l l l a m i n a t e f l a k e s ( 0 . 8 χ 2.4 mm) o f 3 - m i l v i n y l f i l m g i v e e f f e c t i v e r e l e a s e o f g y p s y moth pheromone t h r o u g h o u t t h e f l i g h t season i n mating d i s r u p t i o n experiments. The pheromones o f t h r e e c i t r u s p e s t s , Cornstock m e a l y b u g , c i t r u s m e a l y b u g and C a l i f o r n i a r e d s c a l e , c a n e a c h be f o r m u l a t e d i n 1 6 - m i l p o l y m e r i c PVC l a m i n a t e d i s p e n s e r s f o r e f f e c t i v e u s e i n m o n i t o r i n g p r o g r a m s . The d a t a p r e s e n t e d i n t h i s p a p e r c a n be u s e d a s a guide t o s e l e c t i n g a p p r o p r i a t e laminate formulations of other i n s e c t pheromones.
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 Table IV o f Pheromones f o r C i t r u s I n s e c t s t!/
 
 Pheromone Aging 4-mil of Conditions'^ V i n y l 1
 
 CIMB CIMB CIMB COMB COMB COMB CRS CRS 1) 2)
 
 I II III IV II III II III
 
 0
 
 9-mil Vinyl
 
 Values f o r Laminates o f 3-mil Acrylic
 
 6-mil 1 6 - m i l Rubber A c r y l i c PVC S e p t a
 
 40
 
 1 18 >70 3
 
 5 3
 
 11 19 23 8 15 15 22 αΛΟ
 
 3
 
 2 %40
 
 CIMB = c i t r u s m e a l y b u g ; COMB = Comstock m e a l y b u g ; CRS = California red scale. C o n d i t i o n s : I = 13 χ 13 mm d i s p e n s e r s w i t h 1 mg o f pheromone, aged o u t d o o r s ( d a y s 27-28°C; n i g h t s 7-16°C) I I = 12 χ 50 mm d i s p e n s e r s w i t h 10 mg o f pheromone, aged i n g r e e n h o u s e (21-36°C) I I I = 13 χ 13 mm d i s p e n s e r s w i t h 1 mg o f pheromone, aged o u t d o o r s ( d a y s 32-39°C; n i g h t s 15-21°C) IV = 13 χ 13 mm d i s p e n s e r s w i t h 2.7 mg o f 2o c t y l a c e t a t e ( n o t t h e p h e r o m o n e ) , aged i n g r e e n h o u s e (21-36°C)
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