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Preamble

The light brown apple moth (LBAM) ian invasive pest with the capacity
to damege anextremnely wide rangeof important agricultural crops. Its control is
therefore critical for economic reasons and to protectthefood supply.Oneway to
do thisisto employ pheromones (airborne hormones) and their synthetic
counterparts (semiochemicals) that act as sexualattractant¢o male moths. Some
of these are quite specific for asingle Lepidopteran (oths and butterflies)
speciesandotherswork for severalgclosely related ones. Chearally they are
classifiedastetradecenly(14 carbonchain) acetatesBy flooding anareawith
these pheromones it becesrimpossible fa the males to home in on females and
complete the breeding cycle. The hoped-for result is a drastic reduction in the
mothpopulation.Theseagentsareattractivedueto their very low acutetoxicity
by comparison with conventional insecticides andtheir shortbiological half-life,
theresultof photo-oxidatiorandenzyne destruction. The wde of application,
however varieswidely. Thereis|little concern with the use of slowrelease baits
placed in numerous locations within the target area, but the use of aerial spraying
in urban centers raises legitimate concerns over the safety of humans within the
areaas well as concerns regarding the environmental impact.

Two comnercial products are avalbée for use.Check"Mate OLR-Fis a
pheromone attractant for afamily of leaf-rollermothsandto LBAM.
Check"Mate LBAM is specificto the LBAM. The USDA Environnental
Assessment document (2007) states that the latter will be ugdwhen available.

Analysis of available data

One of the major documents provided to mein relation to the aerial
sprayingof thesepherononesis the U.S. Department of Agriculture report
entitled Ofieatnent of Light BrownApple Moth in the Seaside Area of
California: Environmental Assessment, July, 2007.0 Three refereness w
provided in this document purporting to provide toxicity dataelevant to huran
exposures. Each of these will be examined in turn.

DOCUMENT A. OECD 2002. OECD Seriesn Pesticides. #12. Guidance for
registration requirements for pheromones and other semiochemicals* used
for arthrop od pest control. 25pp (Environment Directorae, Organization for
EconomicCooperation and Development.)
*N.B. Semiochenicals are synthetic pharones chenically indistinguishable
from their natural counterparts.

This documentontainssone interesting statemnts. In discussing the
safetyof theseagentgelativeto non-targebrganisns, their volatility is citedasa
factorcontributingto their safety.

Page 12, bullet 4 states that Quiathidly placed dispensers generaly give
season-longontrol,while broadcastormulationsareusuallyappliedat lower
rates more than once in a season.O



Comment: Thisclearly indicates significant advantagesto the bait/dispenser
approach.

Page 13 bullet 1 states that C‘Semi'ophemicals are generally assumedo
dissipaterapidly in theenvironmentEO

Comment: Thishardly seemsaringing testimony to their short biological
life.

References to toxicity data appéiest on Pagel4. It beginswith the
statement (bullet 1) that Orhe US EPA, Canadad®MRA andthe European
Union@ regulatory authorities have received no reportsof adverseeffectsto
human health or the environment associated with semiochemicals registered for
usein mating disruptionof arthropodsand other applications. MostareSCLPsO.
(SCLP = senochanical lepidopteran pheromne.)

Comment: No mention is made of the method of application usedin these
situations. It seems very unlikely thataerial spraying was used, else much
mor e would have been made of the lack of adver se reactionsin humans.

Pagel4 bullet 2 reviewsthe acutemammalian toxicity studiesandconcludeghat
acutestudiesindicatelow toxicity by the oral, deria or inhalation routes, and no
evidence of mutagenicity in the Ames Salmonellatest. There was mild skin and

eye irritation.

Comment: Theseconclusionsare correct but acute toxicity studies caducted
over a very short time span (hours or days) have little relevance to the
potential for adver sereactions when repeated exposur e take place over
severalmonths or years.

Page 14, bullet 4- Results of two subanfic studiesin ratsarecited.In oné, rats
were fed a high dose (up to 1 txg) of Oa comercial blem of branched
acetates with an aliptic chainlengthof betweenCig to Cysfor 90 days.O The
Other study? was a developmental study in which pregnantatswereexposedy
inhalationto unbranchegbrimary alcoholswith chainlengthCgto Cyo. NO
developnental defects were observedime fetuses. The OCED docemn states,
regarding the oral studythatOTheaesultsindicatel that no significant signs of
toxicity otherthanthoseexpectedvith longer-term exposurds high dose of a
hydrocarbon, nasly, histopathologic evidence okphropathy in @mies and
increased liver and kidneyeights in both sexes.O

Comment: The only longer -than-acute inhalation study referred to in the
OECD document is the oneby Nelsonet a/%. It looks at the behavioral and
developmentaltoxicity of a seriesof industrial alcohols.It was nhecessarnto
access the original paper to obtain more details of thisreport. These alcohols
were administered by inhalation for 7hr/day on days 1-19 of gedtan. This




short exposure period could hardly be taken asevidenceof the safetyto
humans of multi-month/year expsures to aerosols. Moreover the
extrapolation of results from a graup of industrial alcohols, including
methanol and ethanol, to insect phenmones involves a breathtaking leap of
logic and self-deceptionFurther, thetridecenyl acetatesused in the
Daughtrey study* are not the tetradecenyl acetates of the pheromonesin
guestion.

THISSTUDY BY NELSON ET AL. APPEARSTO BE THE ONLY
PURPORTED EVIDENCE OF THE SAFETY OF EXPOSURE TO THE
PHEROMONE AEROSOL CAPSULESLISTED IN THISOECD
DOCUMENT. NEITHER THE CHEMICAL S USEHD NOR THEIR
PHYSICAL STATE (VAPORS) ISRELEVANT TO THE QUESTION OF
LONG TERM, REPEATED EXPOSURES OF HUMANSTO
PHEROMONES OR SEMIOCHEMI CALSIN MICROCAPSULE FORM
SPRAYED FROM AIRCRAFT.IT ISINTERESTING TO NOTE THAT
THE TITLE OF THE PAPER (SEE 2 BELOW) WAS OMITTED F ROM
THE CITATION IN THE REFERENC ESIN THE OECD DOCUMENT.
THISCOULD HAVE BEEN AN OVERSIGHT, OR IT COULD INDICATE
THAT THE AUTHORS OF THE OECD DOCUMENT DID NOT READ
THE ORIGINAL ARTICLE,ORIT COULD HAVE BEEN LEFT OUT TO
OBSCURE ITSLACK OF RELEVANCE.

1. DaughtreyWC, Smth JH, Hinz JP,Biles RW. Subchronic toxicity evaluation
of tridecenyl acetate in rats. FundamAppl Toxica 14(1):104-112,1990.

2. Nelson,BK, Brightwell WS, Krieg EF Jr. Developmental toxicity of industrial
alcohols: a sumary of 13 alcohols admistered by inhalation to ratsoXicol
Indust Health 6(3-4): 373-387, 1990.

DOCUMENT B. U.S.EPA Office of Prevention: Pesticides and Toxic
Substances. Reregistration EligibilityDecision, Tridecenyl Acetates.EPA
738-R-96-021. 1996

The toxicity datareferred to in this docunent relateentirelyto the useof
the sexual atractant pheromones tridecenyl (nottetradecenyl)acetates to disrupt
the mating behavior of torao pinworns. It refers to Otechnical grade active
ingredientsor TGAIsQ(the pheronones)thatmay be encapsulateth beads,
embedded in polymeric fibers or contained in solid polyneric metrix dispensers.
It notes that the encapsulated beads or fiber enbedded TGAIs can be applied as
spraysalthoughno mention of aerial spray application is made. Mention is rade
to the low acute human toxicity and short half-life but no references or specific
data are provided.



Comment: None of thisinformation is especially relevant to the aerial
application usedin the Monterey situation. Under the Environmental
Hazard paragraph however (page 4)the following statement appears.

OThe following enviromental hazard statement must appear on the labeling
of all products containing tridecenyl acetades ODaot apply directly to

water, or to areas where surface water is present or to intertidal areas below
the high water mark. Do not contaminate water when disposing of equipment
wash water or rinsateQ. This statememio doubt relatesto the demonstrated
toxicity to aquatic and marine speciesof theseagents(seebelow).

Given the geographic nature of the Monterey Peninsulathe aerial application
would appear to constitute asignificant environmental risk.

DOCUMENT C: Weatherston|, Stewart R. Regulatory issuesin the
commer cial development of pher omones and other semiochemicals Useof
pheromones and other semiochemicals integrated production. IOB S* wprs
Bulletin 25: 1-10, 2002.

*This should be IOBC, the Internatial Organization for Biological and
Integrated ©ntrol of Noxious Animal&nd Plants. \&st palaearctic regional
section.

This document reviews a nioer of factors relating to biological pest
control agents. In comparison to the United States, the European Community has
approved far fewer agents and Finla8dieden, Denark, Ireland, Belgiunand
the United Kingdom have not approved any pheronone/attractantéasof 2002).
The authors attribute the much lower approvalrateto OEthealarning trendof
almost universaladoptionof the Precautiongy Principle in Europe in regard to
the use of any new technology, process, ¢bainor any new technology
whatsoever.O (page 9, para 3).

Notethatthe authorsdo not define Oarea-wide@hich couldreferto
eitheraerialor groundspraying. The authorsreviewacutetoxicity datafor sone
avian species and fish (bluegills, rainbow trout) as well as the common water flea
Daphnia magna. Theynotethe susceptibilityof aquaticspecies.

Comment: Onceagain, this toxicity review seems to consist of hopeful
statementsnot supported by any hard evidence. It contains statements such
asOlnthe U.S.the regulatory agencybelievesthat with the majority of
pheromones there is no evidence of riskhenthe usedoesnot exceedl50gm
of active ingredient per acre per year.O And Owhile area-ile use of
semiochemical products would generally leadto a greater exposurethan use
in traps, such exposureislikely to be insignificant.O(page 5, last para). The
authors further conclud@he burden of demonstrating that use is safe or will
not causeunreasonableeffectson health and the environment should be



significantly less than for convetional chemical insecticices.@page 6, last
para)

Toxicity studiesdo not normally concludethat a substanceis believedto be
likely safe.l cannotimagine any pharmaceuticalproduct being approvedon
such a basis, and it hardly seems@mpelling reasonto allow lessrig orous
safety testing. One wonder swhether trained pharmacologistsor toxicologists
wer e involved in the toxicity testing.

Other Toxicology StudiesTaken fr om the Scientific Literature

1. Beroza M, Inscoe MN, SchwartHRIr, Keplinger ML, Mastri CWAcute
toxicity studieswith insect attractants. Toxicol Appl Phaawool 31: 421-429,
1975.

Thisis oneof the earliesttoxicology studies in this field. The authors examined
the acute toxicity of a number of insettractants including one for the gypsy
moth. The authors generally found low acatecity for theagentdestedout
noted the higher sensitivity ainbowtrout andbluegills.

2. Abdel-Hgani SB, Martinez-Lopez E, Perez-Pattgo Y, et al Cytotoxicity and
mutagenicity of four insect pharmnes in CHO-K1 cells. Bull Environ
ContamToxicol 73: 963-970, 2004.

The authors studied the in vitro toxicity of four lepidopterarpherononesusing
several strains almonella typhimurium (asin the Amestest) and the
mammaliancell culturetype CHO-K1. The authors found no evidence of
mutagenicityin the Salmonellaestbut did find significant cytotoxicity in the cell
culturetest. Theyproposedhat the safetyof theseagerns wasdependenin large
parton their high proteinbinding propensity The authorsreferto a previous
studyfrom their laboratorythatreported sirflar cytotoxicity of other pheroomes.
The lack of mutagenicity has been reported by several laboratories.

3. Rosa E, Barata C, Dasio J, Bosch MP, Guerrero A. Aquatic ecotoxicity of a
pherononalantagonistn DaphniamagnaandDesnodesnus subspicatus.
Aquat Toxicol 79(3): 296-303, 2006.

Moderate toxicity was observed foigipheromone on these aquatic organisms
andthe authorsexpressoncernfor their effectsin theaquaticenvironment.

Comment: The cytotoxicity (cell poison) effectobservedwith several
pheromones is of concern. If the athorsare correct in surmising that
protein binding is an important protective mechanism,given their
absorbability through the skin, vulnerable populations wth pre-existing



medical conditions could be at increased risk.

One additional document was obtained from the internet by this reviewer.
Thisis theU.S.EPA docunent OlepidopterarPheronones Tolerance
ExenptionO. (Federal Register: Aug. 30, 1995, Vol. 60, # 168). This dwtum
Q.establishes an exemption from the requirement of afood tolerancefor residues
of certain Lepidopteran pherames resuibhg from the use of these substances
independenbf formulation,modeof apgication or physical form or shape with
an annual application limit of 150gm peracrefor pestcontrolin or onall raw
agricultural commodities’ (page 1). While this statement would appear to include
aerial spraying in the exgation, a sibsequent statement in the document
contradicts this. On page 3, para 3s &tatecthat OFopheromonegroducts,
especiallythosedirectly appliedto food, oneprodem has been alack of
subchronidoxicity studiesandanestimate of the actual pheromone residues
occurring with use. Some pherone uses in solid atrix dispensers have been
registerecbasedn thelow probability of exposurgustifying the waiver of the
subacutaoxicity studiesnamnely the 90 day-feeding, the dehapmental toxicity
and imnunotoxicity studiesHowever, the Agency has held that sprayale
formulations or other modes of application that may increase the likelihood
of human exposure wuld still require the subchronic toxicology studies.O

This reviewer has found no evidence thasuch studies, appropriate to aerial
spray application, have been conducted.

The waters are further muddiedtire following paragraphll. Human
Health, Page 3). To quote, ODatalie@s submitted to date on compounds
similar in structure (my italics) to the Lepidoptean pherorones and published in
the peer reviewed, public literature. The information submitted covered
compoundsthatwerefrom six to sixteencarbon,unbranchealcoholsacetates
andaldehydesSincethe Agencyis basng this toleranceexemptionon chenical
structureijt is relevantto considerthe availablesubdironictoxicity for this group.
The results given in these literature reports indicate that there is no significant
acutetoxicity associatedavith the primary alcohols, acetates or aldehydes
mentioned.O

Althoughno referencesreprovided,this quotationwould appeato refer
to the published papers by Doughtegy:/. and by Nelsomr? al. discussed above.
To reiterate, the results tfxicity studieson partof a chencal structure cannot
be extrapolated to the whole chemical structure, and oral or vapormodesof
administrationarenot repregntativeof microcapsules aerosolpplication.



GENERAL CONCLUSIONS

Upon reviewing several goverrmt docunents and a nuber of
independentlyublisherpapers]t becane apparent to this reviewer that no
chronictoxicity studyhasbeenconductd in amammaliarspeciedy anyrouteof
administrationandcertainlynotinvolving exposureso the productto be
enmployed by the rehod of application (aesolsprayof microcapsules)Claims
of safety are based on extrapolation fraoaite toxicity studies and one sub-acute,
90-daystudythatemployedthe oral route of administr&on. These are no
guarantee that longer-ternepeatedxposure®f humansarewithoutrisk. A
chronictoxicity studyof atleast90 days and predrably six months duration,
enploying daily exposureo aerosolof the productin question(Check Mate) at
ahigh exposurdevelis required.It is customary in such studies to use a much
higherexposurdevelin order not to miss adverse reactions that might occur too
infrequently to be detectet lower exposuresUsingthe intact product addresses
questionsf the safetyof so-calledOinetOingredientsthe chenical nature of
whichis not availableto the public.

In none of the documents discussedabove ncludingthe USDA
environmental assessment, isthereany mention of previousexperiencevith aerial
sprayingof populatedurbanareaslf onewishes to convince the populace of the
safetyof sucha practice,it would seem obvious that presentation of past
experiencesvith it, docunenting alack of adverseeactionan theexposed
populationwould bekey evidence Prevouseffortsto controlLBAM in the
treatment area employed ground application techniques. Pherame baited traps
wereplacedthroughouthe Stateof Californiato monitor the moth population and
distribution.Isolatedpopulatonsin NapaandOakleyweretreatedusingground
equipment with Bacillus thuringiensis kurstaki (Btk) (USDA Environmental
Assessrant, 2007, p2, para 2). This is acterial product that attacks the early
larval stagesf mostlepidopterans.

There is ample evidence that many pheromones and semiochemicals
possessignificanttoxicity for aquaticspecies.This suggestshataerialspraying
carries an increased environmental risk giventhedifficulty in confining the spray
to the target area.

In sumnary,the USDA andEPA documents are filled with contradictory
statenentsregardingthetoxicity testing of pheromones, inappropriate
extrapolations from irrelevant toxicity studiesandaresuggestive of a poor
understanding of basic phaacologicalandtoxicologicalprinciples.

RECOMME NDATIONS
Sincethedecisionto useaerialspraying as the method of application

appears to have been made entirely on econorit grounds, the decision should be
revisited given the lack of adequate evicksfor its safetyin thelong term.Either



ground-basedhethodsof applicationshouldbe employedor anadequatehronic
toxicity studyshouldbe conductedGround-based technology has the added
advantagef posinglessrisk to theenvironnent.



