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13. ABSTRACT

Space repellents were tested against mixed field mosquitoes by impregnating
wide-mesh bed acets (8-11 threads/cm)1. The bed nets were taken to the fieldJ where human
volunteer5s entered them and collected any mosquitoes that attempted to feed. Eight
repellents were tested during a 3-year period. Ent 15510,
2-12-(2-Butoxyerho-xylethoxvlerhyl 3-merhyIcrotonate; Ent 20830. Diisopentvl malate;
Ent 22542. NNýiV-Diethvl-m-?eta-trouamId (de standard);. and .1O (sadrmlitaty
clothing repellent)- all pr'v-ided -less than 90% protctrion after I month of aging.- Ent 210297.
o -Lt ho x v-N, N- d ethylbenzami~e. and Enti 20373, 2-1 (p-
MethoxybenzyI~oxyj INAIdipropylacetamide, were placed in the test in 1970 and were, still

= effective after 50 dlays of aging. Ent 20364. 1-(o-EthoxvbcLnzovylipiperidinc. remained
effective 359 days after impregnation. Ent 19083. o-Ethaxv-AXV-NVdipropylbe~nzamide was
effective after 787 days of aging. All of the repellents were tested at 0-5 gnalgm net mizight
and 3 wecre also tested at 0.25 gm/gm net weight. (U)
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FIELD TESTS WITH REPELLENT-TREATED WIDE-MESH NETTING I
AGAINST MIXED MOSQUITO POPULATIONS' SBy Roger a Grothamus, John M . Hirst$, a. K. Gouck4 and D. L. W eidhaas4 ]

Abstraa: Space repellents were tested against mixed Zxid were then taken to the field and tested against
mosquitoes by impregnating wide-mesh bed nets (8-11 threads! wild Aedes tarniohlvratcs (Wiedetnanni. T'-ese field
cml. The bed nets were taken to the field where human t u
vohlute entered then and collected any nsosq-itoes that at- tests were conducted using a booth-like structre
tempted to ficed. Eight repellents were tested during a 3-year which holds one man. Test netting was placed
period. Ent 15510, 24-2-(2-Butoxylthoxy)ethoxylcthyl 3-methyl- over panels in the booth. Chemicals which proved
crotonate; Ent 20830. Diisopentvl malate; Ent 22542, L.- effective in field tests were reviewed and some of the
Dlethyl-mia-tory xride (dee standard); and ch-1960 (standard
military clothing repellent% all provied less that, 9061 pro= more promising compounds were forwarded to this
tection after I mionth of aging. Bnt 20297, o-Ethoxy-X.- laboratory fir further investigations.
diethylbenzamide, amid Ent 20573, 2.[(p-.Methoxybenzai)oxyJ
JX-dipropyjiaccamýide were pLerd in t6e test in 1970 and
were still effective after 50 days of aging. Bnt 20364. 1- _____________-A-

(e-Ethoxybennly)piperidinc. r.anained cffective 359 days F cop W
after impregnation. Ent 10%3. o-Ethoxyd.V.Xliprom'lber.za- M &S

nude -as eflective after 787 'lays of aging. All of the repellents
w-re teoted at 0.5 gmn!gmn net we-ght and 3 wrrc also toted at
0.25 gmlg., net weight. H

The use of wide-mesh netting treated with re-
pellents for protection against disease vectors has
been shown to be both promising ant feasible -

(Gouck et al. 1967a, Got'k & Moussa. 1969).
The advantages of wide-mcsh netting over standard
unireated fine-mesh netting (8-11 threadsicm) in -

elude good ventilation and improved visibility and
hearing (Groth-us & Adams 1971). The w.ide- -

mesh netting currently tnder study is 0.635 cm
mesh or 4 threads per inch. Current space repel- c--
lents that have been tested have not proven adequate rj
in preventing entry of mosquitoes through netting-
with opening~s larger than 0.633 cm.

For several years the Agriculture ResearckService. -

U. S. Department of Agriculture, Gainesville, -

Florida, has been screening compounds to identify
more effective space repellents (Gouck et al. 1967b, %,4
Gouck et al. 1971). Their work cossted ef Inca:-
ing promising cntnpounds uinng an olfactorneter. --

Only chemicals which prevented Aedaes aegrpti LL. -

from living through nettin- to mach a hnman host
were <elected. The most efficacious compounds -r

Th opinnns or assertiom conuined h-rein arc ti•e private I
ones tf tie au;hors and are not to be comstrued as oaticial or I
rcflct-ing the news of the Navy Deriantnt or thr naval A---

service at large. T'his stuclv was cond-acted wuttl tikacan of
Medicine and Surger. Nav)% JVpa-tKncnt n-%rk unit MFI2.-
524.009-8006BX6l.

7ChicL Entomology Division. -Nav.al Medics! Vield Research Z
laboratory, Camp l-jeune, N.C. 284. U.S.A.

'Captain. USN (Rc.d Fir. 1 Top. ottnltrster netting. 1ltidd•_. stxandanl
'Entomology Rear Division, Agulrulture Research Sweiric. tire-mcsh nettrin. Rtoion. wide-mesh knotied cotton net-

USDA. Gainesville. Florkd S12M. U.SA. tin. Sli e alt le: i, in] indis.
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MA'ERIALS AND *Afi HODS were made in increments of 15 Mill. Specimens
The basic testing procedure involved t ihe construc- were snlbsquently returned to the laboratory for

tion of wide-mesh (0.635 cm) fabrics into standard identification (TABLE 1).

sized bed nets (1.98 x 0.762 x 1.22 in). The All of tile nets were returned to the laborator"
nets were impregnated with test chemicals on the after each test and hung in open storage at room
basi3 of tile fabric weigit. using acetone as a tenperature. Nets renmining in the study after
carrier. Nets were then air dried and placed in tile summner test period were packed separately in
individual plastic bags for subsequent testing. Two plastic l)ags and stored at room temperature (19.5-

diflibrent fabrics were used in the study. One type of 23.0"C) until tile fillowing spring. Eight corn-

netting consisted of 1000% knotted cotton ( 1 ). pounds were studied during a 3-year period. ARl
ihe second type was conipo•ed of 50% cotton and c(mpotntiid were applied to the nets at a rate of

50%o polyester fiber ('IrI. I). The latter material 0.5 gnligin net weighit and 3 of these compoundr

proved to have tensile strengthI and storage life LEnt 22542. Ent 20573, E'nt 20297) were tested at

comparable to nylon, but still ,,bsoýrbed the required 0.25 gin,'grn net weight. T'he compotnds studied
amount of repellent. The activity of various re- inchlded:

pellents wau evaluated by military volunteers who Eit_ 22542. NVI -inethvl-rnaa-tolt.tanide Itic,.
took the nets to the field and functioned as tint standard)
subjects. This testing procedure provided in- Ent 15510, 2-[2-(2-]ttoxyetIoxy)etlioxy~ethyl 3-
fotmation on the durability of th," fabrics under methiricrotonate
field conditions. Ent 1f533, v-Fthlioy-.\VX-dipropyli)erLarmide

A series of lies conlaining volunteers was ar- Enit 20361, 1-(o-Ethioxybenzoyl)piperidine

ranged in a single row upwind from kilown mos- Ent 20130. l)iisopentyi malateI
quito-resting areas. In each experiment, tile series Ent 20573, 2-[(p-Methoxybenzyl)ox]-N,S.\dlpro-
contained all untreated net and a nut treated with pylacetaf.ide (contains 25- ortho and 75%

deet, in addition to the test nets. One subject para isomners)
rel slined outside of the :.ets and served as die Ent 20297. o-EthoxV-AN.dAiethylbIenzIamide

control. TeIsts were conducted 1 night a week for Nf-196IW, mixture composed of 30% benzyl ben-
approximately 6 weeks, mosquito poptlations per- zoilte. 300 X-butylacetanilide, 30%- 2-butyl-
minttung, and began approxirma:ely 112 hr before 2-ethyl-I.3-propanediol and 100 cmu°lsifier.
stunset and ended I hr after snset. Each stbject

used a small penlight and an aspirator with killing RESULTS AND tCUSS1iON

tutbe "Jackson. & Grothans 1971) to collect all of tile Gouck et al. (1967a) established tile criterion for
mosquitoes attempting to bite him. Collection-s effective mosquito protection as a 90%, rmductioii of

mosquito penetration through treated nettitig as
TABLE L Mosquito spcc- cncountr•md during r, icllcnt- compared with untteated nating based on 2 sue-

trejted wide-mesh netting tcsti in North Carolina esive tes.s. his proved to be a valid netl~od of

AMdts atlaxtous 1yar and Knab measuring tile actual effectiveness of tile chemical
crr-nedm (lheobaldi compounds in our study. However, in field studies
nbxrnzj Meigen
fda l o nusing untreated wide-meshi bed nets, about 87"
iJn~alau l.yar and Knab protection was achieved when compared with an
•J/iciamz (Walker)* outside control (TABLE 2). Thus, in our field studies,
f'kmhr Wirtlenunn) ntsquito repellency was octinrring from 2 sources.

P""P!-1a1 cIlioa (.O1llgkiUS "The total protect ion (average percent effectiveness)
fmuis (l.yiih-Arribalzagal of the repellenthiet combination was established by

ftvi~r fllumLxt•oldt) comparing nosquittoes collected from an o Itsde-
.4ntptt babrri Coquilkit control with each repellent net combination. '1hle

CI tdr-d u.•.n Say data on the deet standard tent 22542) dentonstrate

Cdex MIratV (lrar and Knab) the difference in die comparisons (TABLE 2)1 '1the
-,ziriplmi 771-IAld average total effectiveness of the repellent net comn-Ipl--W qU;12YU<fa,¢i,•W Say iaVn a J°

hntin-• s£l S%,o blt the eflicacV of thie chemical
0a •• /. st e prd t~n n t C m treatm ent fell below 90-00' after 30 days, A sim il-ar

J. i6whr iw the prcdnrminant sfeir at Camp
lr--une. consitituting 60-70% of the total pouatim. .4. test was conducted on deet at 0.25 gin repellentt/grt
sdlidat- onmstitutes 20-30•% of the total jIxmlation. net weight, and tile average total effectiveness of the

-A
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TrABLE 2. Results of 8 repellents tested oit 4mrcdi bed nets whern exposedl to field mosituito popuhttioilt.

Am.w or AvR sa o. A'aat. xo. Avrat
EFF EX-MrE SIOSA)tTo*.. *tObQLUTOLS EF*I1MVESU4 OF A)M5 FROMU
CI!EI5ICAL comt I%1rf, voLL4NGtTjm~ on RtPEtLFVT%*1fN~ TEA~mLET -TO NET

Rp.rr PROTIEMON' x.l BI OUTIDTilE CONIIRol. COMtBNAITION LA5V- TEST TyIS .2

M- IWO, 30 3.9 165.2 97.6 (al, 3591 KC
Hllt 15510 3U) 2.6 165.2 99.4 (91 359Y KC
Enut 2903 787 0.1 126.4 W9.9 (27% 787 KC a
Ent 20W97 50 0.1 98 99.91 50 f)P
En~t 20364 359 IA 165.2 99. 2 Vi 35) 9 KC
Ent 20573 50 0 98 100.0 (9-, 50 PC'
Elot 20830 :!3 3.2 165.2 98'.0 (9ý 3591 KU
Ent 22542 30 3 165.2 98a.0 (9i 3594 KC
Chrck 0 16.9 126. 86.6 (27i 0 KC
Cihrck 0 13.9 107.9 87.1 (l8ý. 0 PCI.j

'D)ay %Vhen etftetivtenoss of tile cemetical decreased to 90c% or Ivi-. is cotmparedl to untreattcd net. A~
'690. of tile Inosqtuitnes collected inlsidc of tile nets were A1. faiarni",Jp-is. 30% were A. sollidit-ml. and I f)Ii

weeother speckes. -

JKC knotted cotton: PC =5%pcI-c-ter. 5%Cotton.
IS-andar,! sslitarn clothing repellent.
rJ'ntaI numiber ol weekly lusts shown in parenthcses.
vrest net droppled fromt sttt'1i.Ieeln~e cobnto ar7* o es ctaue of th ratural repellnyo h etnr

tighrd day. Ent 1550.6 did30 anot fail %, durn 3 9 0"- effrectwvenessnpoitn 3regardlewsioftse efcti-ve
pEgate 2053 --t 229 were pnt le atedts in dt thesy asere biactail odtion s droide prtsectimeof il neV ox

exinb190tad di u high leeslil poetiong till testde jdaybe Consitdetritg peent pr.ction lafd (9%evel)of th
En tat 190_ "aI plaed ichemicst protetinaf ter 308 ceia.Ieauco h atrl elnyo h
dand.En 2083 repllntae ineffectioeny hes Ita nly resach costs.i willt mv neesarvet detfitite advataeslfeoIj in 27y teest ofteting life. 3h prdu tinitem rs had anticipathed t thal wlc idier~o

pentrtionso ccur.red dur97.ving dac f-irsiitc2tstsrin- vactousceal /netl co mbintions. 'lids shetm o e ould
in197. t 0 37 and d 029 we ai hrengalso testpedratd.2 hre lyi etoatilt!efdiept-ie tiae lve- of we-sh tiledn
Erntg 19e81 wasaeight Iltileicomproitras poied for8 chemctor proecatit-on. aua eplec ftlI nd0 ti reatmlenthe combcinaties or h0ays had wet 3 e tig7twllbnesartodemnuielfef
requtai ped etaiin s n2 ek ft g The s3dy prodution ite.Adms. by. UStudoyaing tietoa flZivccr of ts

peetatost of cuth efed dta corretlaed well- w -- it, t vatioti hedk idd Rnet combinations. durigis should

gmceeni ngdta oeigt.ie Byt Goiundk prvie for v16a, te c~tordzu potecicofnh.aiv~Cr5niern
= b). How~~tevter.M-6 e faeciledi after 50 days ind wthie col aieCrsRe apleen.N .irci

sErtaindy an coipled stod 213c (asrprebyG ck oiagntI p itish to aid in lt stdg: tnd supo. Cor.
Catain Jr. FS. Adm. MU. Army. ChiefanToicong lf~iciiof th

Ws t; (of1 tlen203 fildaaicrrlaed i ei 23 t d tialone .s.Am uionnna yin gnc.M.f.po
pareeigdawta 3 btaine bays Gotick et al. (1967a. Gbc Ciungtm oivlosnding Ofcear ontie o tine new Eongiuneerin

ct al. 1971). Since thle prescit tests were condutcted
at different times of thle yea,., against rnixted species LI~TERA11;I (MEl)

of mosquitoes. variation -mas anticipated. D'iff'erent oaudt, IL K., D. R. Godwin, IL Polley. QLE Screch A;
fabrics were- al.so utsed and m-ty have accounted for D. IL Weidliatu. 1971. Resistrance to agin 3M -
someC of tile va.riationl. '[lie stitdv clemotis.traited i~tatrmo edntraclntinusdtii'slt

ai-Ith nwsqithoe in the field. .1h"Mil' Xrws 31: 93-
most of the compounids previously screened for their 99.
effectivenesa iii Florida perfformxi similarly tunder Canch IL KL, D). R. Godwirn, C. M. Schreck & Nelson
field conditions in North Carolina. -Sfl~th. 11%7a. Field tests with replelkcmt-treated

ntwiring inraimx bla-ck sal.-nialsh mnosquitoes. J. F-.a.'
Possibly tile most important daita obtaitned relate E: :13-2

to the high percentage of protection ebtained be- Gew&,; li, T. 1P. I&Govern a Morton berwua. 196/b.
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Chemnical, t~sted as spacc rcpellents agaitist yclloix- rnosquilo-kI: x dtirwr -protectiozl. Milit. Mted. 137:
fever imwquitoes. J. Ecoez. Ent. GO: 1587-9D. Oft pre--.)

G~ ,IL&&K LA. Meusiza. 1969. Fild tests withbird Jackson,&.C. &~. IL V.Grodawz. 1971. A comibination
nets treted with rcpcllcuis to prevrtit siionuito bit.s. aspirator aud kilit ig iubc for collectitig mosquitocs and

Groehaus, Xe. - 29: 26-4 ot.F. Adams. Mo971t Xu inno112ti3
.ro tisqvft F. u 2FL 26. 4 oF.e Adams. 1971.it Auu 31:vti n12io


