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ABSTRACT

[nour repollenln were teoted under different climatic contditionst tilitniy tepellent. tunder all lest conditintits at equ-al cntcentrtiotnst.
founrd at Turtle Slound, FlIorida; Inrt Walnutrightt Alaska; andi Triosa.1rentadecawl 101 wtan st~fiticaleay In different fromt deer.
Colusa. California. Test repellnot& cpeln-hexarnebrlertecartt~atttidt Mild enrpetatures lit Alanska cnotpared In Flnrida atrd California
artd w~~rar.txtrtylteaieslnaii c wr fotund lto pro. ciatid alt reprellenrt, tested In tbe effective fnr 7.9 htoturs don'pite
reel as lorng as or longer titan NN.14dleItfl-m-totuantide, lire standard hreavy rttnutlnito Populationts.

INTRODUCTIoN. litt areas whore mtalatria, yellowe lever, (curltaitrde). 99%, putre (IDremrova anal Smirniova 1970): tt.

dentgue. entephlit~~is, mid olther ttttruqitn-bortte diseases tiei 9nat~tstttyetitit~tltttd,9'12 pure (Molttli
etitleriic. mosqutli~to repellant$s are Imprtalnratr Ill ne hnealtht of aird Ratilteguovit 1966): 3,6.9.tcioxapertadecantl O (SRI-
a miobile mirlller> force lit siituationts twhere nutnal oectott 6), 90,' pure (SklttrorRI al a. 1974); NN-diolthyl-mto~tla.
conttrol tmelthtods Ire Imrpractical [it view ttf Irrreasinrg ect. ttide lalctl 1 95% pure (UPgasnii Chnemlictal. Pnractical
logical restrictitots tit tili use of pesticides alnd grothttl regtt. Grade).

* laintri litt addif-i tot 10tnosuuitois develonpinng resitSanlce lto l mesti~agn: A four-tsie tiedalos iCnithotltast to emtplloyeud
thnese mteasurtes. att offoctive personal repellantl calt bre att fill. lit all Ithree tesrs (Slnimttlrr etl al. 1974). Adltesive-ltacked

puroian part of individual protectiont inll ottvrerall ptrrgromt rol strips aboutr2 cm wide wore wrapped aro2und thre

Ar a part1 of a prograttlm to fInal a loniger lamting mnosqunito lTre ftnatngr ips terved as brounndaries arid protective devices
reptellentt field trials were conrducted lat Northl Carolina so agalintt alnrasinnn for lire stles. Foani strips outrlitted 2 sites

* repellentt ollicacy lit laboratory testi~ng eotnld lie compa~rred tttt eacht farrearin of every volunrteer (4 silos pcr lindividual).
to efficacy undaer field contditiotns (Slnimntmln at al 1974). It Onte of' tilte lour lest repoelllert teas appi~ed litethainoitl solot.
was fell Ithat evalurationt of canididate repellentls nutder differ. iott Itr eacht site at a cotsln~tn contcenttratiotn 11cr untit tif
CIII climatric contditionis attd agalinst differenrt mtosqtuito pot). skinrt aea. line area otf' eachn site twas deterttitted by trteastnr.
ulallorts would be desirable ftnr furlther coinprthison t)Il labor. itg rthe ftitartttn ciicumfronifrce at pointts ;. 12, arid 21 cmr
arory results. Three diffeorent areas were selected: lite Itot, front tinia wrist. Tine su rface area of each test stie twas calcu.
Irutild Itropical-like tulmotml clintrale fitt Florida whlere Gil. lated as lire area of a frootititn of n colne: Area 0 s x(R11 +
bert a-, al (1957) have reported field restitng, rthe arctic suttt. R2) x . whtere a II8 cmt arrd RIt I 12 ar0 rite radii at tire' UP-
litr cltimtae of Alaskta whtere Giorhami (1974) has reptorited pot annd lttwer btoundaries of thle site.
hteavy mtosquito ptopulationsa durintg repellentr tests, atd (lire The itotal area tmarked off' by foatt ttrips wan coverod
Int, drv quouritnr clitiate of C311fif , -1- ', ,- -. wtith repellent solutiront for ithal site. Repellenrts were ap.
ed mosqinttlto populaisons wore foundl arttund irrigated ftied to to repellantl appeared tnt a g1-ive elbow sir wris
fields. Thle currentl paper peesentsilsira resutais of 1110w stud. (righti or left) site tiore than1 ottce lit arry group of four lirti.
flls. viduals. Mroreoveir, all reitlleitls were paired 21 least twice

M.ATI RIAI.S ANti M1,flIODS. Roplelleits: Repellenti ott tire samte fo'rearmt aniirtg 2 groups of 4. Oire rile ott each
CtnrPOtdird setoied were cyclolreomnetltyleue-cwarbitide sub~ecl was a doeer conttrol. All resutas were arnalycet) uuing
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Table 1 . Rec,)lient protection limes against nosquittics. Furtile Mounud Florida I

-- _______Protection1 Time in HFours, Mean l ±

Weather Duct ('arbainide
2  SRI-6 Sulfonamide

3

33t.~ 11085% RI . 7.6! 1.0 9.81+ 4.5 t 1.7 7.0 ± 2.5

0-5 miph wind

I Repctku p1 plied mt 0.48 ntca
2

Sn-wuit. -a~ity raget it 2110 it. 2000)11 huy landiungs/1ur.
2

No siatd-raet ,,t tailed -at tertujuatiunto Id ril.
3

(), t, laitetl in fbirestuisure.

Table 2. Repellent protection limesc againtst luosquitoes. Alaska. I .2

P tiotect ion Tune litt I Iours, Meanistt

June Weathter IDeet ('arbatuide SRI-6

I.5 116-2
0

C, Clear, 7.4 1 I.4 7.6 t 1 .0 7.2 4 1.2

26 22.25*(C. (lear. 7.9 (1.7 7.11 t 11.7 7.7 t 1.2
39'/ RI H

27 14.160(, Rainy. 11.0, 1.6 9.2 - .5 7.2 t 1.3)

Mean (24 tontal) 81.0 1.3 11.2 k.3 7.4 t 1.23
Ratio Io deet 1.03 0.93

1 kqwtteut, ptplmtt at 01.411 ne/in ~
21 ,ngvttiautl Ii uult114aiutuk ,,it titer thatn W140mj1 j ti/In mtnt-r, lsat,,itI~
3

Slitttteattt at s*jictne 1t(c n)

a pairetd comiiparisntt wnithi duct. Statisttcal siitmus slice was qtttttren wits lrtitt 1100 it) 1230 los% ill tile test ateat. Plurici.
determinted at tlte 95%' level (a < 0.051 Fly [lie slthattett prills ritllnct abotttut intilte Flot acl ie t) nttir t11 it oinl~titcs.
distributtttont ntd Tttkey's w-prtcedtoe (Ostle 1963t)l. At 13130 Fits rthe timiltt ant tot 3.ttitttte i ttttltcc sncattlin

After mptellettt appllicationts. solititeers exeticed itt en. att iilterterd lie itiistttittohilesteiF area for I hourt atid I5
g1aged itt mtoderate phytical activity an desvuctit Itelosy tot ftmitlies. Sitnce stlict repellents were still el teclttn sttultt.
eacht nepurate lic-ationr. flood nlst indl gliine were woint ceem hiked itt tlte hearelt It fia utonitder tile Fttttstiot. At
whiienevr inidividualn entiterei mttsqitttvttttsted tesl lieu!. 1545 tits. eslitleIic titt uistlititite Fegait agaili mtid ctlttili.
Whett a titlte was received tnt atny treatetd nile. tttt indivtduitial tted utitlt tertuinlmrattti it testintg at 1 645 hirs. whnlti tte re.
recortded Ithe nite atid tilte tittte lita uttleotik o. A omiritlried lipeallnttfeatetl sile itt cacti ittdmvidual nat still effetivueiY
tile, site titlte fotlltowed by a secontd tile wnithtin inhlleat 1trttected [itutu ttttstulttttes. Mosqttuito actinity tanged Fttrtt

Flout. wsna tile criteriton [ll retpellenit laluttie. 12100. it, AM11 tiity-latldings per tour.
Mosrquiito tpopulatiotns were teleterihiied by citnititit thte it. Wainwrightt, Alaska test hala were typically talg-a te.

niumsber ofl miosquitoet lanintlrg ont a stingle iniidntriial's bittly gitttll ill lo)w tying Woodited atea ireweett risers and ttttdra.
Ill a npcitlett tlitte linterval. ThsItinitliber weas t[ltull estintlnit. -acht day repellenit% weie apprlied at a doetif 0l.40 irrglcmi2

nied Iti botly-lantlings pert 1iiii. Alterniately, tile titutiter titl toll subjects Ili 2 groiipsr ut 4. Stiifiitatilde ]iall Inectrllateht
itinrquOCSltat n Idling On air 1utitteated V01110nlrtlireaiin weie triitii niittittii. arid tile aplitiil dlisc was Someiwhiat liowei.
fecorded for ani indidvidual whii wasnin1, tirtli tiitmi the Fsponrisie lit moioluitlrues biteytu iiweeii 1200 and F1300 tits

*repellent testting. Thisnumititber wan recorded as Itireariti alter appii~cationl at 0900 hirs. Continutouis heavy inilitla
landialls tier Fiitui. Mosuiniitoes were collecetedui ll ideuttitica. titus it . uni 0Vi cu chiiertncell as nttttrreer tiked,
(loiti fe-11 11tc saime lttdlldttal Auwatt Van uptiyctt Ill initmla. Iiiiltl nieatniis*d liulted liisiiitoiile: motderate held actlni.
(loll counits. ly. FI err ameas weic Iticalet northii and cast tit Ft. Waill

* ~ ~ [utIle Mouinid State F'ark, FVtirlda nyuasciaracteri/een liy wright. Alaska. it% huiiiisn. 25 June. N W4 54'W 147' FS'
soaula bracklish water arid coaulkitions wottuled areas with iiti i ~ Iet ~e 6iii.N60t ,5 0

matrsr vegetation. Reirellerut! were applied At a dose K0 1.481 lt~ [tic Itsat Volnk Cluetr River: uniti 27 June. N 64' 18h W
nirhcmir2 to 4 subjects at 0700 Firs. Inllial euptulute lto Intl. 146' 25' tnilt a th C(Funa Riner. 1t' a repellent still afforded
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protection front mosquitoes at the termination or testing Table 3. Mosquito populations for Alaska field trials.
between 1700 and 1900 cacti evening, the time o.' termina- -_____________________________

tioin Wvas recorded as the repelleat protection time. During Spics Collected From Whale Bordy
Jone in Alaska, sunset occarred approximtately 2300 his June 25 Jane 26 June 27
sand sunrise about 0130 hrs, althought tltere was enough ___________________________

light to read a book daring the slhort sight.
Colusa, California test areas were located along the Aedeseonostuota 30 30 t9

banks of irrigatiort or drainage ditchtes where mosquito Aenter nigripea 3
activity was apparent. Repellents were applied at a dose of Adrde siteres-n 1t
0.40 mg/cm 2 to 8 subjects in 2 groups of 4 at 0900 hours. Ae-desexruiar-eseia 3
Three replicates were run onl 25. 26, and 27 September. Aendersimillstp I
Mosquito exposure was accomtplished periodically during Opki-rssleuot-aornif
the day when participantts entered mosquito infested areas; ILepasomotp~r ip.t I
hrowever, peak biting activity was observed fromt I hour be-
fore to one hour after sunset whren repellentr failures occur- Mitoatnilo Activity
red. Participants recorded numbers of bites received on (Btody landingi/hr) 980 1200 2400
each site as well as thre rime. Durinsg thie day volunteers eli.
gaged is hrikitng. Locatiotns of mrosqluilto exposure included a
ricefield, thre hank of a creek and a ditchlnetes to the hright 

1C'otkrted with nosquitioes.

way treat tlire Colusa airport.
Rtist!l.t'S. P~rotectiont tirres againsat mtosqutitoes afford-

ed by tise candidate repellernts irs Florida. Alaska, and Cali-
fornia are indicated irs Tabsles 1, 2 arsd 4. reupectively. Arr. Table 4. " -rcertt repellent protectiorn, Colors, Calif. 1.
alysis of tile results frorr Irirtle Mound (Table 1) irndicatesd _______

thrat tire sire treated withn carharstide protected for thre duart- Percent Protection front Difinir Comrpired ao Deer
tintsh rf tlre trial oms all four lrndividuals. tierre, stre protec- Septr. W~eatther Deer 2 Cairhiamade SItl-6 Sulfinnamnido

S ithin tirri is recorded as 9.8 plus.
Itit Alaska ctrtstartt mrosqurito pressure wsoa exprerienrced 25 22'C. 521. [tIt 0 too 3n 77

trourrghrorut thre afterntoorn. Testting swas terrrimstef
t 

bretwveern S-9 mrrt a-rod
17*00 atrd 1900 hirs cacti day allthough t le stirs had trot[ set. 216 240C. 50 tilt 5 34 4z 24
Little sri ino ssweating wnas obhserved amsorig tire participarnts 3-5 rtrtr firt,
because of rrrld temperatures: cionrequrertly, all repsellenits 27 29*(- I 17% tilt 0f 763 76 3 57
persisted fire a signifiicarts periodr (lable 2). filorfterittert no mn-in
lighti rain ott tlire thrird day apprarentlly halt little eff~ect rt
repellenit protrectirrn. Mostquito poprulations are descrihed itt I ttepeiierrt apprlied at 0,.40 nr5(orZ2 to 0 lutrclct. telling took
l'ahle .1. pt-ace In trounrs ufter applicatiorr irr tile itrertas one hour tefore to

Ar Colui t,,it)t relrlleiit-troaitld sties received twist trul,% ouc flootr after 'strict: trite onl each lite n-crc recordedJ.
during tile daylight testing; hence, tire lerrgtlr sf repltlenltt 2rSIleaa mariniet sin stil" receied itt nrc riee-Itre -d tiretr fi0,It
prrotection wasa (ftoult applicaltrio in thre r[noithing untlil tilte trtdtsdnal oa, 1.3, 2.1. aord 2.1 hti,esl/te tar 25. 26. and 27 Seplerrt.
twonmltrt perirod rf espmsutnr around turnet, .Csrrscshrerrtly, hWt. reipocitoels.
all proriectlitn peelirds were restricted itt thre range t0 tsr 12 3

statirttally dtttmunt tronts dear to (0.ttst.
hrours. A brettor imeanis tf comrparing reprellenits ruttder lltesc
conditions tr tire rite of relative protection fromrr motsquitoes
comrparedl tu dccllirttr, -.t al. I`174). lIrek ntumbier ill 'Ilttrle S. Mutasuitt pospulationsa fir California field
bites received Alit dcot.tfeaied sites was consitderedl as tire trials. I
baselline ftrr protectiorn arid caniridate repellenits were en-sla.
aled lit terrrss orf percenstage inote protectiort (tsr percerrrage olee rss Sricndfot
fewoer bintes) than wnere received oil deet-treated sites lTable
4). Molstquito activity arid pompulatioins are describsed lit lorraintt' Wthole Body-
Table S. Sciloattett 2.5 26 27 25 26 2

ttlIttISSlOtt. Itt Flotrida unider lint, htumidn trospical-like de; -14 I.
conirdtionts. lo grhIstiP1 r1.Af ae-HScIII sufflClettily to Indiuce Aeil -Jr-tit Z 14 7t
profuse sroeatittg. Undtter thnese test conditlilons against a sdsiara
hecavy Ipopuilation of.-lerler toonisrs~i-husir. earhattilse was Anoistsrsrfe. ivettral 2 1 I - I 2
superior to deci (Table I), whsile SRI-Cs was soimewhrat less Chic,, tiealtad I 1 1 2 4
effective andI salfonlanrde was approxtirmately equal to deel. - - -

This findintg Is in agreetricnt ilr wihwo labotalory rrhserva- tdssnvnto lictivitV
2  116 144 12 hO 100 72

tlinis. Wigher letiperatuare favor low volatility repellentts
like carbarinlde. sulfornarinle, arid SRI-Cs by raising their Imolurintrescioilectes In iS1 tr.5 ttottr rlileIsictd
evaporation rate atnd incecasintg tire amiount tsf rpelcletit 21.atrsluttu/ttr. a differentt control a,0 used ott fto~raatl COiCC-
vapor (Gablret c al. 1Q76). ]it addition to ltre tcrrsperatue shorts srI 27 Sept: all whmole lrodri-ly ct~ui gto flout hait lb airse
uttrea, hteavy swenllng also lultrduces a water wshtrIling 5tlvidajl.
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stress. Resistance to water is greater for carbantide than for In these field trials where abrasion is not a major factor,
dect (T. Spencer. unpublished results), whrereas SRI-6 has carhamide providcd as mach or slightly more protection
somewhat less wash resistance than deet (A. Khan, unpuh- time from mosquitoes than deer under all three climatic
lished results). lience. one might aspect carbanride to per. conditions. SRl-6 afforded comparahle protection to deet
sist longer and SRI-6 shorter than dent under a sweating under conditions which did not include heavy sweating
stress (Table I). stress. Finally, sulfonamide was as effective as deal in

In Alaska the mosquito populations ware boreal species, Florida and California.
principally 'ls.des r~ommnnuis (Table 3). Despite heavy uros-
quito activity, deet, carbaruide and SRI-6 all afforded pro-
section front mnosquitoes for more thtan 7 hours. Sulfon- ACKNOWLE~tDGMNENTS. Mosquito collection and identi.
amnide results in this test are not conmtarable because the re- fcration in the Columa trials were accomplished by LTC
pellent Irad precipitated from the application aolution and M.A. Monasa, MSC, &nd Louit C. Rutledge, Department of
the applied dose was much less than 0.40 tsp/era2. Whern Tropical Medicine, Letternman Army Institute of Research.
testing was terminated eachr afternoon, somre sites treated We also thtank R. K. Shimmin, S. F, Bayles. and J. P. Shah
wills carharside. deal, artd SRI-6 weare still protected: there- for help in carrying out these field trials.
fore, the protections tiaras are underestimated in Ithe Alaska
trials (Table 2). Although repellents were applied at 15%
lower concenrtratiotns irs Alaska than in Florida. bothr deal
and SRI-6 exhibited art increased protection period its
Alaska comrpared to Florida. This is attributed to cooler
temperatures aad the absernce of a sweatinrg stress orr thre
treatedt sites in Alaska: herree, climratic conrditions mright irt- REFER~ENCES CITED
fluenc- repellent efficacy itt thre field.
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