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Factors Affecting the Protection Period 
of Mosquito Repellents 

By U,\lmOl,L X. S:lrl'r)T, I. n. GrLTlElt'r, HAllllr K. GOUCK, l\L\I.cor.~1 C. nOW~IAX, 
FRED ACREE, :fn., and CLAUDE H. SCn~lI.DT, JiJntollloloUY Research Division, .flUri
cultural Research Service 1 

Since 1942 thousands of compounds 11:""e been scrcenC'd and eval
l.Utted as mosquito repellents at Orlan(lo, FlfL. Thcse. slnc1ies ha.\'e b('(m 
summarized by King (1954) and GIlb('rt ct a1. (1957).~ In most of 
this work the criterion of eJl'cctiVCl1C5S has b('cn tIl(' protection period, 
or length of time a liberal application or the. repell('ni' IHls pl'('.\,cnted 
mosqUltoes from biting through treatecl skin or clothing. This cri
terion has also becn used in most of the. ins('ct-J'l'pellpnt studies by 
Gru,nett (1940), Pijoan et a1. (1945), Pijoall (J9!/l) ~ nnil Kasman Pi: al. 
(.1953). Occasionally cfl'ecti\-en('s.s has been juc1g('d by the minim.um 
concentra,tion l'cquiwc1 to pl'ennt biting nt the timc o.r applic:ltion, or 
tho initial repellency of fL 'n'tT small dosngc. This spcond criterion 
was used in studies by Altman a.ml Smith (1955): Bal'-Zeev :uld Smith 
aD59); Gilbert et al. (101)7), and Gouck et n1. (Jth;n. The protection 
lwriod usually yltr.ies greatly, not only betw(>pn TCpel1ents bnt also 
l>l'twcen different inclidduals ,\,jth the, same, repc>lknt, difrerent popu
httions of mosquitoes, and different environmental conditions. 

In 1957 studies were tmc1ertaken at Orlando to determine the factors 
that a.!fect the length of the protection period, with pa.rtlcu1ar em
phasis on the manner in which the repellent is lo;;t from the treated 
surt:tce, 

The pl'otection period cOlwc>y('d by any gi\'en dosage of repellent 
oln'iow,\!y depends on (1) the minimunt elrecti\'(\ closnge, hel'ca~fter 
(!esign:li:(I(l t11(' Ml~D, which is 01(' minimum fll1l0llnt per llllit of SUI'

f;l('e l'('quirpd to Pl'Ol(>('t agllin;:;t the giwn population of insccts, and 
(:!) the rat(' at which the applipd do:.;n!!e is depleted to the level of thp 
~(E~n, that is, the rtlte. of Joss. The, ~[En ma;\, be srt at nlW 1p\,\:'1. sHch 
as !lD-p(,l'c'l'nt prot('ctioll, 50-percent pl'otectioll, one eonfil'inrd bi't(', 01' 
li\'(\ bit'l'R in:) minutes. J [owc\,el', at nny [riven le\'('1 .it will pl'e~llm;lbh· 
he alrl'eted by fa('tnl'~ othcl' thnn tho;'!c inlwrent. in thc l'epell('nt, such 
as (1) tIl(' nxhlity of tlw in:::pc{"s and (2) the. dei'ira.bilily of t11e host. 
Sneh en6rolllllrlllnll'OlHlitions as tempcrature and l'('l:1t1.,,(>. humidity 
may be e;xp('('(l'(l to ('x('rt the gl"N!!'('l' pnrt of' any <,fred 11\(')' ma,), han~ 
Oil t11p ~rEn Ihrough one of thr,,(' tIro fflC/'(H';-:, :1Hhongll lligh Ip111
pcra.tnre cOllc('inlbly ('oul(l ill(,l'~'asr the dl'('tti"('ll(,SS of a. I'epellent by 
.incl'('[lsing the rate, of volatilization and t1l1l:'; nfl'pct the' Jilln. 

'Tll(' authors are indebted to A. 'W. LilHlfjl1ist for man.l· nllunhlp sng"g"!'f'rionf' 
dtlring" thes!' ;;llHJies and to Xpll'on SlIIith. nnrid 'Y. ;\f('if('I'j', llirhnnI L. :F'ye, 
and HOllRI'1le .\. Rutton of this Dh-blon f(ll~ aSSi;;tnn('e in ('OI1(llll'tillg the 
exnel'im('nts. 

• Thc yeal." in italies after the author's !lallle is the kI'y to til(' referel1(,c in 
Literature ('ited, p. :3G. 
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The rate of loss has been presull1i!cl to depend principally on actual 
physical loss, ...vhi,ch may be due to (1) abrasion, (2) evaporation, and 
(3) absorption, Destruction of the repellent on the skin has also 
been postulated as a possible mode of loss by Kasman et a1. (1958). 
At the beginning of these studies it also appeared possible that the 
l'epellent might lose effectiveness on the skin, though not be destroyed, 
by admixture. with such emanations from the body as sweat [md carbon 
dioxide, It is ""ell established that sweating conditions reduce the 
protection period with most, if not [Ln, repellents, but this reduction 
has been attributed to increased attractiveness of the host, increased 
evaporation Ot' absorption of the repellent, and dilution of the 
repellent. 

Since in practical use much of the repel1ent is rubbed off the skin 
by contact with the clothing or other objects, abrasion probably COll

stitutes the principal mode of loss, 'rhe loss by abrasion is subject to 
l':dl'eme Yarlttt.ion, depending on the. actiyity of the. user. Abrasion is 
n\'oidec1 in most experimental e.valuations, where the al'ms are ])ro
keteel rL'om rubbing in order to compare other aspects of the effective
ness of the repellents. Howe,'er, complete. e,'aluntion of lL repellent 
(~mith 1.958) should include studies of its resistance to loss by abm
Bion. Gilbert et, al. (lD51) luwe shown that, repellents yary wielely III 
this attribute. They reported that diethyltoluamide withstood 2, to 4 
times as much wipil)!! as cthyl hexaneeliol (ibid.) and at least 10 times 
as much as dimethyl phthalate (unpuulislled data). 

MATERIALS AND METHODS 
The repellents used ]11 these studies ...yere dimethyl phthalate, ethyl 

IlP.xaneeliol, and eleet (~r,lY-eliethyl-m-tolUlunide, technica,l, about V[) 
perecnt meta isomer), They a.re rcpresentati,'e of three chemical 
gron:ps, and allluwe been extensiTely tested against a large number 
or species ullt1er many difrcrent conditions, 

All tests were made. wifh the. Tellow feyer mosquito (Aedes aegypti
CL.») from ft colony that has been mainta.ined at the laboratory for 
lllany years. Tlte spec-ies is easy to real' and populations in test ca~cs 
maintain n. llniform_ biting rate O,Tl'!.' a Jonger test perjod than the 
common maJaria .l1l0squito (Anopheles qu(ul?'imaculatuB Sa.y) , another 
:'pPC'ies colonize(1 at the Jaboratory, Studies by GOllCk: and Smith 
(19G2) sho...yed that the avidity of caged populations of mosquitoes 
whell exposed to mtlL'ginal concentrations of repellents increased rap
idly with ltgC up to (j (lays and ",'as more uniform thereafter, but at all 
,t~es llyidit), was mnch lower each morning than dnring the previous 
afternoon. To obtain the f,rreatest lU1iformity, '7- to S-day-old mos
![Ilitoes were used in these studies, [mel dosages ...yore adjusted so that 
[Pst;:; could be completed ill a J1l11f day whenm'er possible. Except as 
notrd, all tests were rnn in the moming. 

)Jost, of the tests on human snhjects were conducted "'ith six Cau
("11'ia,n men, c1esig-nated as subjrcts A th1'oug-h F. In some studies two 
young- Caucasia.n women. desig-nah:'d G and II, also serwd as subjects, 

Biting-rate [-(,S[-5W(,1'('. made to ckte1'mine the 1'e1:1ti,'o ntfractiwness 
(If (lilrer('nt sllbjpc-is to the mosquitoes when no repellent; was on the 
skin. In pr('paring fOl' these tests (':1(',h slIbject put, his Ht'm into a. stock 
cage in-fested with' a large number of mosquitoes antI allowed about 50 
to'start. hiting, He. then remow(l his tum c:tre.fnlly and deposited 
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the mosquitoes in it test cage. Each subject performed this task twice. 
This assured It test cage stocked 'with ltvidmosqllitoes not too numerous 
for accnrate counts. In conducting u, test t.wo subjects exposed their 
right arms simuItaneonsly [I,nel then their Ie.ft arms simultaneously in 
the test cage. Counts of biting mosquitoes ·Were. made at the end of 1 
minute. Eilch test cOllsisted of two exposures. The results were iWel'
aged in computing the counts on the basis of bites per square inch. 
"\Vhen three subjects were participating, the tests were run in a rouml
robin series, or incomplete block design. Eat-h subject paired aL'ms 
\~'ith each otheL' subject, as shown ill figure 1, for an equld nUl1lb~r of 
t IlI1es. 

l:'JGIJIH" l,-Biting-rate test, in whieh two subjects expose untreated arms in a 
C:lge of lIlosquito('s allli COUIlt the Illo~f(uitoes that bite in 1 miIlute. 

In pL'otectioll tests the repellents were n,ppl ied at full strength 01' 
at various dilutions ill ethanol to measured ilreas of the forearllls of 
SUbjects. The hands \WL'e, protected by cotton gIMes. Tlte a,ems weL'e 
l'xposed in ca.ges of mosquitoes for ;3 minutes, or ulltiia eOllflrmed bite 
(it bite followed by lUloiher in the same or the subsequent expmmrc 
period) or n, la.rger gi,'ell llumber of bites was received, as shown jn 
lignre 2. The requircd number 01' bites and the intelTa'!s between 
exposures \,tU'ied -fL'Olll one· expeL'illlent to another. The l'cpel\ents weee 
applied from individun,IIy ealibratl'd pipetJes and spread with a glltss 
rod. The rt'pellent rClllaining on the rod was reCo\'el'pc! by rillsing 
with a1cohol. The amount I'cco\'cn'd was ddermined by spectl'ophoto
Im·tric meaSUreIJlCnt a ncL \\"as SllbtTilCt('~L Jl"Om the am.ount deli \"('I'e<l 
j'rOlll thc pipette to determinc the aetult.! alllollnt ttpplied, "'hieh \'ttl'ied 
slightly from the intended dosage. In most·. experiments the tests 
m:·'rl) eonclneted in olle 01' IIHH'e round-roGi II serics. 

'1'0 determine the nlh~ of evaporation from yltrious sUL'faces, mcas
uL'ed arcas of the fOl'\'ilrms of humall subjects, guinen, pigs, or pieces of: 
('lot-It "'ere treated with the repcllents at :fu.IL stTengi:h or at various 
('oll('l'ntrations in ethanol amI exposed in enlporatioll ('hambers, which 
consisted of two S-liter ('oni('al pel'('olntoL's plaeed horizontally in it 

l'ilck, ftS sltO\\'!l. in fiuuI'(\ :{, The lal'gn end of each per('olator "'as 
closed by it phstic.: disk, IwrfOl'ated with n. circle of twelve %2-1nch 
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F.UJUHE :!.-Bxposing nn :trill tl'l'!ltCl1 with rCllcllcllt ill a cage o( "I.cdc~ aC!/lJpti. 
~Oll\() of the IIl0$lJuitocs that appear to be Oil the arm llIay actually lie Oil thl' 
wire Screen betwcen the Ilnn aud the camera. 

holes to admit n.i r. In lcsts with trented arms the disk had a central 
lleitiC'o with a ~lol1el 3 lI1etal S!.Io'l'\·e to permit cntey of the Rrm. In tests 
'with cloth it had two small openings to permit the passage of Witb,r 
lulws. TIll' small end of cach percolator was connected by %-inch 
,'opper tubing to ft series of two 500-m!. Ilnd two 250-ml. gas-washing 
bottlcs, which in turn 'wcre connected to a vacuum pump, which 
IllainttLined it flow or Iti r throngh th(\ systeili. 

The air How was adjusted to a. rail'. o.l:::W litcrs per minul'c, as meas
urell by a flowillcter inserted in the system directly :follow.ing the 
pl'rco\a!:or. Duri ng all h'st periods a,il' wllS constantly vassing o\'cr tho 
endosc'd arlll, guinefL pig, Or cloth, out the Sll1alL end of thc vessel, 
:lllll thl'ough cth;Ll1olin Ole gns-wl\::;h ing bott les, wherc I:h(\ c\'apomting" 
I'PjlC'llcmt ,\":1S l'ol\ecll'd. A thermometer .in thc percolators Wtts llsed 
to obselTe t!to it:'1Il[krature, ",l1i('h ntried bel"'l'en tl5° and SiC F. 

In tho skin tC'sts tL treated and :tli untreated arlll of a subject werc 
pnc10sed in tIl(' l)('n:ola,tors imlllet1iately aJtcr Uw l'epeUent had been 
ttpplied, n.nel the ~ronel llletal slpeyes were sealed to the upper al'lll::; 
'with nclhesivc tapp....\il' WilS draWI\ on~r the tn'ated arm for 2 hours, 

3 ~'he mention o( prolJl:i('tary products docs not C()lIstitllte tlJeil' elltlorsClllcnt by 
tHe U.S.. DCPllI"tllll:nt of Agriculture. 
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l"'hlelll-; a,-l~![\lipment fOl' collectiug the repelleIlt lost by evaporation. Air is 
!Inm n by :L nlCUUIll pump o\'(:l' the treated :ll'llIS of thc subjc('t :11111 through 
('thanol ill the gas-washing lJottlcs, where the repellellt is colleclctl. 

illlll1edial('ly nH('l" whi('h t11(> relwl]cllt rellHlinillg Oil the arm was 
J"cco\-crcll by l"in~illp: it with .j(}() 1111. or dit'tilll'(l ('thallol, as shown in 
figure ,_I:. The sal1le procellure was used on untreated arms to cstablish 
blanks for the speetrophotollletrie rcndings. _\1'(('r a lal.·g(' number of 
lPsts had demonstrated that the blank re,\(lings \\"ere llPgligible, lr('ated 
ilrms of two subjects were expo;:;ed sirnultnll('ously, and tests were 
conducted in l'OlllHt-l'obi 11 seL"i('s. 

The pen·olators "'ere rin:-ipd with ('{hallol to rpI1lO\'e allY adherilJO' 
I'pppilent. TIl(> tllllOUllts of n'pl'llellt in the ('[hallOI £rom the gas: 
washing bottles flnd rinsed from the arm '111(l ppreolnior were dett'r
milled spectropllOtOI11l'tricrdly. The l1Jethods of Schmidt et nl. (!958) 
:for deet and of Bowman et nl. (l9iifJ) for ethyl Itexancdiol were 
used. Dimethyl phthttlnt(~ WflS read at 225 111f-l. All Jll(,'aSUI'('lIIcllts 
wero computed in terllls of Inilligrnms of rq)elle,nL peL" square inch 
of skin. 

The guin('u, piJ"rs were r('strailled in a rack in f. snpine position. 
and [L 7.5-sqllarc-inch tlH'tt on the shnyed \'('IlIT:l1 surface was treated 
with tho repelJt-IlL Otll('L" ipst proccdures Wl'rt' the sallie as thost' with 
trent('d arms, ('X('cpt that ,l·llOul" ('nlpomtion periods \\"('1'(' IIsed ill 
some tests. 

Cloth lests ,rere made, 'rith sl('('\-('5 of cotton sheeting n incites ill 
<"ircumference and 71~ inches IOllg. 'Ill(' ~IN'\·l's ,,-ere' washed :I.1Id 
('.xtraeted ton'lllo\'('t'th'lIlOl-:_mlulJlc, impul"ilips .111<1 thell slTPtdH'd 0\'(,1' 

glass cylindN's :2:~:i, inches in di:u)w(('l" and. 11 i neh('s long. 'I'll(> rl'J!(>l
lent was applied in a. G-pt'l"{'Pllt ('(hanoI solution 10 a:-;sllrt' t lwrollgll 
c:aturntion of llw ('loth. ('ylindpr~ 'with trNllNl and IIl1tl'l'al,,(i dotll 
wero placed in tlli.' percol:t'tors and maint-uint'd at f1 lemLwrat lire or 
95° F. with W(trlll \\"flter, which was eirclIlatecl illrollgh the cylinders 
by means of lubes passing through the disks ('Io~illg the pC'reolators. 
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FWlJIlE ;L-Hinstnl:( It trented arm with ethanol to relllOYe the repellent remuin
ill;; nfteL' tl tcst for U1C:LsnrClIlcnt of the reSidue uy ultrlwiol('t spcctropho
tomNry. The- Illall at thc It'ft is blowing a line stream of ethanol fL'om a 
washing uoltlt' Ol'('r tho treated arm, ,(1'0111 which it L'lIIiS through the funncl 
in to tho flask . 

•Uter :L 2-houl' enlpol'ntion Il<'rlod, thc slwt't:ing ,\-as cut from the 
\',Yliluler lllHl tho n'l1l:lilling repent'llt was \'l'('ovel'('(l by extraction with 
l'tilanol.in lltloxhle-t appara.tus. 

Tho arnOllnt or l\'pellellt absorbed info the skin of the arll1 or the. 
gui!lea. pig \"as determined by subtl':lct:illg the amount lost: bye\'llllo
I'll! 1011 and the a IlIOunts rinsl'tl from the skin and pel'('ol a tors fl'Om 
Ute tout! amount applied. Less than 0-pel'eent Cl'l'Ol' Iras ill(,lIl'l.'ecl in 
this IlletllOd, as (lelllonstl'nied ill studies \I'illl guinea pigs by Schmidt 
l'C ttl. (W";[)) with Ull-Jabl'led dt'ct. HadioaC'!:ivity ('quin\ll'nt too D5-06 
pereellt of t]\('. dosage eaiculatell too be ab~ol'bed Was !'t'('o\'Pl'ed ill the 
urine, fl't,('~, and samples of tltl' skin nnd llail'. althollgh sorlle activit:y 
Hill 1'(,IIHlined ill tllt' last two, all(l tllC tot:nl·I,t'l.'on'!'y I'l'aeill'd DS-nO 
pt'l'cpnt of tlw appl.ied dosap.'l'. 

-\. bala n<:cd, incolll pll't(~ block design. 01.' rOllIHl-roi>i II s('ri('s. was 
('lIIpln,l'l'll ill most. (,xpl~I'illlpnt~, ('x(,l'pt t110sl'\I-it II a I'ange of dosagl's. 
~Yillt t his design ('a('it 1'('1)('II('ni, sllbj('(·t. 01' l'Xpp rillll'lItall'OIHlitioll ill 
tho sl'l'il'H was pail'Nl ;Igaillst ('ac'h otlwr \'('1)('111'111', SlIiJjl'<'t, or eOlllii
tioll. _\n a<.ijllstl'(L a\'PI'agl', which ('OIIl/ll'llsatps fol' \'al'iaJioll IJl'hn~pl1 
Itosts and t('sting C'ollditions, ,\'as ('olnplIt('(L by :L statistical nll'iltod 
":.lIp.-g<.',stNl by.J. l ~\rc(; \Ii n' 0 f t Itl' 1..:11 iOlllo lop.-.r Hpsl'a 1.'(' It Division a lidT. 

modified 1'1'0111 Kt'llIplilol'lll' (I,'};;;:). FrolH Iltl' analysis of \'arian('p 
tlto leasl' si:,!"nifleallt di.lI't'I'PIl!,(1 at lhe. 3-p('I'('(,1I1 I('\-pl Iwi Wt'l'n l1l1\' two 
rep('l.il'l1ts. 'sllbjP(,ts, 01' ('oIHlit iOlls was lkt('l'llIilll'(i. III SOI11(' (,xpl'ri
HH'lItS 1 I III yarlolls 1'('p('lIpIII~, ::;ltlJjN'tS. 01' conditiOlls II'P!'l\ t('st\'d in :l 

H'riC's of pairs, ratit.l'I' thall in a singh· illll'gl'afl'(l !ipsign. In slIeh 
pxpPl'illlC'lIts the' signifi{'allt <Iifre'I'PII('\.' hl'l\\'t'l'n Jlll'anS \l'as (,Olllput'Pel 
f'rom tho "t/o yu[ue of the sttllldard crror of (he llH'an diJ\:t:'l'cnce. 

http:l'tilanol.in
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FATE OF REPELLENTS ON SKIN AND 

CLOTHING 


J~('p(\llenln :u'e ('Ir~ldin:, fot' 11l11('1t longl'I' p(,l'iods \\'llPlI nppiied to 
lito clothillg I han ,dH'll tI pplied to th(, ::;kin, llllll pel'HisL 'tOt' dtlyS Ot' 
weeks l'atill'l' limn houl's, ~\.t L11(' bl'ginlliIl~ of IhNil' sludi('f; .il: was 
nssHlll('d l!tal 10SS('fi I>,)' ('nl[)ol':ltioll fl'Olll skill alld ('Iotiling woultl bo 
l'OI11 I>fu'nblt" but that skin tlppli(,HliollS would abo be snojc'('I' 1.0 losses 
by !tOSOl'pf'iOIt and d\~t(\t'i()l'ation, ,]<:XPl'I.'illll'lItS \\,pt'e 111:1(10 ",illt ap
plications to t1w itelllS, !~'Iril\(,il' pigs, alld ('loth (0 dplel'lllilll' loss by 
(lVILpOl'alioll, 10 tile ttl'lllS and gllillP:t pigs to dl'tl'l'lIlinc loss by 11\)501'\>
lioll, and [0 till' al'IllS oJlly 10 'dl'l('I'll\inl' loss by dl'I.l'!'iol'ld:ioll, 

Physical Loss 
.\, lH'plilllilllll',\' Hnil's or test:; WaH ('on(]ul'll'{l to (It'll'I'mill(' the 

nl1l011lilS or dilllt'lh,\'1 phi halnll' lost by {'\'npol'al iOIl ill ~ hOlll's !'I'OIll 

\W1\\'y ltllt! Illl'dilllil HpplienliollH OJ\ tl](' 1ll'l\Is of ~ix s\lbjpds, The 
tH'P!'ugrs () f 11t(· 1'(,;;1 d I H obl:d l1l'd w\' \'(' ns folio ws: 

~ .1 mowll·~- I fllIt'!I JIcdill /1/ 

,\pplh'd (rng, 1)\'1' sq, ill,) la,oo : 0, 71 7, ,.101-.0, 42 
\':vllporn\ptl fln/.{, (It·r sq, ill,) , (i0 : ' Oli , Ii 1 :l::. Oti 
E\,llpl)w\erl Ipt'l'I'\'llll ,I, (j 8, :2 

Th(l 10:,s hy (,Y:lpol'nliol\ Wtl:' nll\\Osl i(lpl\l kal Ill' 1){)I'h dOfing\'s \\,1\('1\ 

('X [>I'Ps:-;pilin milligrams 1)('1.' :-qUiu'P il\ch of :-<kin 1'111'1':1('(' [lIH[ twice as 
grNlt n\' tllP 11\l'di111\\ 1'at(' ns at tilt' IH'li \'"mtt'. wlH'rL expl'PHs('d aB it 
1){\I'('(lntngp. oJ: tlIP n nlO11 11 I' npplil'd. Kas'lll:l1l p[. :d, (I[),).I) .Iil((.",i5(, 
notNI that th(' l'rnpornlion of <1inwtll)'.1 phthalate :from filll'l' PI\P('1' 
d('p"lull'd Oil I'hn :'tll'fuel' :Il'PIl nlld lIot 01\ 11](' amoUllt· of l'l'p('IIPlll ap
plil'!\. Fro))) [\Il'S(' l'l'sl1lts it is nppnrl'nt lila!' 1>C'1'{'pningt': IOSS(,!-l [t1'('. 

!'l'la! i \"(" wh('l'('ns Iw-:sl'H jlPI' IIIl il () f ::;Ul'fllc'(' n rp dt'fin i1(', n lid I hl' In tiN' 
"ltll\(' Wu·s IlS('([ thl'OII!,r\lOllt tit(' l.'l'lllltil\t\l't, of 111\,;:(', stlldit·s, 

.\d<1ilionnll(",;j:-; \\"(;1'(' llwdt' 10 r\ptl'I'llliI1P I it I' indi\'idllal \'ari:ltiol1 in 
t"'llpOl'lllion, rafl';; Oil :-;ix ;:;\Ibjp('IS Il'l'nted with dimethyl phlh:dafe at 
iL IIIlifol'llll'al(', 'rlH' ]os;; ill ~ h()t1I'~ \\'as faid,\' IIl1ifOl'IlI: l':t.ngillg 1'1'0111 

n,;)~ to n,G k mg. P(,l' ~qual'l' lllt'h, n;:; :-;howl\ in tablr' 1. 
.\, sC'l'if'S or tpst::. \\'(IS {'Olldll\'l('11 to ddpl'lllillP IIH' lotlll :iIllOlllll::; 01' 

t!tt'\'(\ l'l'lwllpllt:{ loo-:t 1'1'011\ tIl(' \\j'l\1:-; 0\"('1' \'ill'inu:-; p('I'iods of lilllp \"h(\l1 
tlH' Huilj('I'ls "'('1'(, fl'P!' to Ill()\'p (thOlll-ill iL I'OOI1l lllailllnilH'd :II" nhollt
'''IP ]", TIl\' I'Plwllpl\t:" W\'I'(' npplil'(l at ne{'HI'alt'ly Il\l'H;:;t\l'pd l\()Sng-I'H 
hptwl'('n (LI,) lIud j',~J Illg-. Ill'l' "<lIlIII'(' .illCh, ,Htpl' pPI'io(i:-; of.J, :W, no, 
l~n, :Uld ~·10 Injun!!'s til(' Hl'IlI<-; \\'\'1'\' I'ill:,,,d with dislilh'd :l1C'oho\ io 

J'C'IHO\'(\ t1H' t'l'pl'l.lplll', \rhi{'!J \\'PS dPll'I'llliIlPd qll:tlltilnii\'I'ly by Hppcll'O
phOIOHH'It',\', TIll' ]os.,<-; arlel';1 mjl\\I\l':-> was lakpll n~ I'l'PI\':{('lIfillg I-ilt, 
IUHO\ltlt of ['I'Il('111'1l1 ll11l'pcf)\'PtablC' IllllIlPrlint('l,r n fll'l' llpplieation, 
This fUlHllltlt was subtrnt'(t'(l 1'1'011\ tllt' lota.1 lo,:t ill ('neh of 111(' oU\l'l' 
ppd{)ds in ('nll'uln.ting tit!' tllllOllllls In:'1 jll'I' ;-;<f\l:ll'(' illcil IIPI' lTlill\l((', 
Eadl tl'st was l'('pli('att'd six or (ligh! tillwS Hlld_ (\\'j('l' Oil ('neil ot~ 11\1'('p 
01.' rOllr slIlijPcls. TIlt' snlll(' flliljP{'ls \\'('/'1' not lI~('d willt ('I'PI',\' 1'('p('I. 
1(lllt, Th(\ t\\'l'l'ag(' 1'(""1I11~ 1)1' t-lds lil':'! Sl'!'iP'; art' ~IHlWl\ in (:ddt' 2, 

.\.l'light dt'l'lilll' in till' I':ltl' of IllS'" pl'1' Illilllllp wit It ilH'I'P!lsillg Il'ngtil 
01' {:hl~ PXPOSLlI'P p1'l-jodw:\s p\,idpl\( ill ll,d" ':;l'l'il's: (~n·I.' llw Iongl'l' 
pl'l'lOd:-; ~ll11){'lh.r1 plltlmln(p SllOlI'pd 1I11: 1}1g-ltl.... ! I':llf' of loss Hnd Plhyl 
h(\X:UW<llOl the low(';.t, all hO\lgh I hI' c1.IIll'I'l'II('(·... \\'('['(' Sllln 11, 
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TAnLl~ l.-E'1.'ap01'ation oj dimethyl phthalate f1'om Cl1'1M of 6 sub
jectB dW'iny ;3 /tours in ylaM pN'('olatoJ's. (.:lh· flow ;20-;37 litoJ's 
per lI~imtte;, avemge oj 13 tests) 

'"~-"---------i-------;---------------
Amount of rcpellent per 

Surfa(,e of arm squnre ill('h 
Subject trcated 1-----------,-----------

Applied 

---------------------- --------,-----------1----------

Sq. ,in. ~ ~ Jfg. Mg.A_ •. _•• ___ ._. __ ._._. _____ I._ 132. 9 17 0.13'1 

H. 70. Ii o. 89 . 5{> 
(' .. 75. a n. n;1 .o\. 
D ....... _....... ___ ".-__ .• 09. :l G. 00 . 57 

75. 7 0. 65 . 52 
ou. l Of 07 . fii 

,,.,, ..,,,-----' ._-----. 
A\'('I'III;(' __ ' •• _......... --- on. 08 7. 032:±-.1:31 I .575±. OHi 


_.,.._-.<> ...--«,-.--.~- ---- ----- '- ... ---- '--,-----
A similltt, series -wn.s conc1\lctcd in which ellch repellent ,vas applied 

to thl.' same three subjects, The results of this second series are shown 
in tablc. 2. 

There was rel!ltivelv little difl'el'ence between the rates of loss on 
the difTcl'cnt subjects and no consistcnt di /I'crcnce, In th is series of 
tcsts the losses were, in general, slightly lower than in the preceding 
series. The ]0"--') of deet'aff:el' 30 minutes Wl1S unexpl:tinably low for 
illl thrcc subjects, [lnd there was ]e~s trend toward decreased rates of 
10;:;5 with longer exposure periods, 

In. It thil'd serics of tests the repel]ents were applied to two (emrtie 
sllbjcds, The lWf'I'nge indiv"idunl losses in two tests are shown in 
titble 2. 

'l'h("I'(\ wcre no ('onsistcnt diITeL'(mccs in tll(\ rates of loss bctween the 
two subj"cts. In gcncrnl, losses wer(l slightly higher l11ml in the two 
prc(,Nling sC'ri('s 011 l11('n, but '\\'CI'P, not con::;istcntly so. The ovel'a.lI 
avcrage !osscs in milligrams pel' sCjllarc inch pCI' minute, were 0,010 
f03',dimclhyl phtlutlntc, O.~)09 (Ot' d('ct, an<! O.OO? :for cthyl hexftn.ec1iol. 

Iho 10,,';P8 by enlpOl'lltlon ftnd absorption or repellents applied to 
three nmle ftnd hyo fClllu'le subjccts, guinca pigs, and ('10th wne in
\'cstigai:ell in (·ight series or tcsts, The results Hre prci;ented in 
tahle 3. 

The first two sCl'ics were comlucted to compare thelossps of cli
mel hyl phthr1ht(', n.nd clcet. on subjects .A and 0, who had shown long 
a,nd short pmi('dion periods, respccth-cly (see p. 18). The l'Psnlt;-; for 
both subjCC'tf; Wl'I'C vcry simillll', Dimethyl phthalate lwnpora{cd 
nJ)Ollt. twiee af; fltst 11'; deet', but the lattCl' waf; mol'\', mpidly absol'b(·d, 
ItlHl t11(' tota,l lo~;-::cs of bot-hl'cpellpnts \WL'e about. the ;-:all1P. In thc. 
third sl'l'it's the. losscs of cthyl llexflll('(liol on th('se su\)jt'cts nnd subjcct 
n w('I'e (h'tCl'l11illC(l .Again the ]OS;-:C5 by (>vnpornJion fOt, the thl'C'c 
sllbjcets werc similal': but (h('l'e '''C1'('. slip:htly largc1' <lifl'C'l'\'TH'CS in 
absorption. The l'ntc. of ('\'apoI'a.t-ion wns sirnil:u' to fhnt of dimethyl 
phthalatc, but absorption and tOlal loss wrl'(~ gcnel'fllly ]0\\,('1', cxcepf: 
for slIhjcct C. 

In. sCl'ip;;·b tltc. loss('s of nIl !lll'('(' I'Clwll('nls WCl'C eompfll'pd Oil two 
\\,OI1\C11, subjcc(s Q and rf, and in Sel'il'S ;:; on the twu women and n 
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'l'.ABL}J 2.-EvapoTation per mimbte of 3 1'epe71ents f1'om arrrL8 of 5 
subjects d~tring 'Va1'iOlt8 intc1'vaZs after treatment in 3 test sel'ies. 
(6.75~7.f35 mg. per sq. in. applied) 

SE RIES 1 (6-8 'l'l;;STSl 

--------------;~------------------

Amount of repC'1lent. entporntcd per squltre 
ineh at indicated interval after trC'aLment 

I{cpel1C'11 Land su bjeeL l ------.-----,---_..,...---
:w GO 1120 240 

1Il i nulC';; minutC's I miulllC's minul~':; 

,--------.--------- -----\-----1-----\----
j My. J/O- Mg. Mg.

DimC'thyl pltthalnfe____________l 0.0\0 O.Oll O.oon o. oon 
.oed · ________________________ 1 . alA I .010 .008 .007 

Ethyl he~nu('(lioL-~:--------_-_-'_I__~~~~L_._O_I_O_"___. 0_(_)5--'-____. O_O_G 

SEIUl~S 2 (1 TNST) 

Di~~~:~:'!_I~I~~I~I~I~'l~~~ ________ ~1 -0.015 O. 005 O. OOG O. 008B__________________________ .011 
.006 .007 · 007 
.005 .OOG .006De~t:-------------------------l .OLG 

~. _________________________ I .001 
.007 .OOG · 005B __________________________ : .OOL 
.007 .00'1 _DOG 

(' -- __________ -- _________________ ! • 00 I 
.005 .OM .005 

I,;thyl hexllll('di()l: IIA___________________________ ' .010 ! .011 . (JO,l · DOGB _________________ "' _______ , . 008 .000 .005 .OOGC___________________________ l .018 I .009 .005 .005 
i----_.. _._-----_._------ -------.----_.
"jo:lUm; 3 (2 'n;;;TS) 

-
·;~i-l~lCthYI phUtnlate: -~---~ r

0.012 O. 000 O. ODD 0.011{l-::::::::::::::::::::::::-r . OW .OOS .011 .007 
D('ct: iG__________________________ :

Ff._________________________ , .015 .000 I .010 .011 
. DIS .011 I .008 .01 L 

'Eth \'1 hexanediol: \ 
.000 i 008 .008 .011~f~~::~:::::::::::::::::::::1 .00.5 i .. DOS 1 . ODS .008 

I 
.-,-~- --~.---- .--- ---.---_.--- _.._---

I In series 1 the re;:Hllts with thrC'c or four subject:;; werC' pooled. 

mu,ll, subject B. Rtltes 01 c-\-aporation ill milligrams per sqllar(\ ineh 
were similar Oil all subjects for deet (O.:23-0.:W), slightly less for 
dimethyl phthahte (0.'18-0.57), and st.ill more diy('l'sC for ethyl h('x
l1nec1iol (0.33-0.'lG). Losses by absorption genem.lly showed greateL' 
varintion bet-ween sl1bjects-O.:E~-O.;J~ :for cl inWlhyl ph I. hahte, (U;l
0.88 :fOL' elect, and 0.30 to OA!} :for ethyl hexane<liol. Total ]OSSl'S per 
minute W'~L'e about the same for climei hyl pllfllalal(' a11(1 deel', flY('rag
jng 0.008: and 'were slightly ]OW('I' Jor ('thy] h('xnn('diol (O.OOG). 

Losses of dimethyl phlhahte ancl deet from gil i I)(>n. pigs w('rc <1t'
tN'mined in series U. Th('rc ,,'as more \'ill:intioll b('l\rp('n individ1lal 
guinea, pigs tlUUl bet\\"('('n illilividun.l human "uIJj('('ls, and losses wcre 
highcr on guinea, pigs by both entpol'lttion and absorption. Dimethyl 
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TABLE 3.-E'Ixlporation, absorption: and loss 1)e1' min/de of 3 1'81)el
Zents aplJlied to h1l'l1uln sub;jects, guinea 7)igs, (In(l bleaohed 1rl;uslin 
eluting f2 how's in glass peroolators in 8 test series. (Applied as 
30-pe1'Oent s0l1ttiO'lU3 in ethanol) 

SEJUES 1 (6 1'ES'rSj 

Amount of repellent per square inch 

Hepcllent and subject 
Applied Evaporated Absorbed Lost per 

min \I tP. 

Dimethyl phthnlate: Mg. Mg. Mg. Mg. 
7.02 O. 54 U.48 U. OU9Cj\--------------.--------
7.01 .53 .54 .009 

SEHIES 2 (5 ~I'ES'l'S) 

Dj~~~_________ . ______ ------1C ________________________ 7.03 O. 24 O. 80 O. 009 
6.98 .24 .77 .008I 

SERIES 3 (3 TESTS) 

Ethyl hexauediol: _1\_______________________ 
7. 03 O. 57 O. 30 0.007B _______ .• __ •• _____ • __ _c____________________ .. _ 7. ,16 .52 .45 .008 
7. 01 .55 .52 .009 

s~mlES ·1 (2 TtlS'!'S) 

------.-------------.------~~-------.-------.-------

Dillll'thyl phthalllh~: 
H. _____________________ _ 

D(,('t: 

(~---.------.-----.------

G________________________ • 
IL ______________ . ______ _ 

Ethd hl'xan(,diol:
G~_. ________ . __________ _
If.___________ . _________ ._ 

Diml'tltyl phthalalp:G______________________ _ 
11_. __ . __________________ .i 
B_____ OM __ • __ ._ •• ___ _ 

Dept:
G__ .- __ "' __ • __ _
H __ . ______ _ 
lL _____ . ________ .. _____ ._, 

Et~~Yl hex~I1~'clic~~:_ _ _ _ _-. --.1 
H ____________! 
Ii .. __ 0-' - ... -----I 

n. no O. 54 O. 52 O. 009 
7. Hi .5U .4U _ 008 

G. 53 .25 .43 .OOH 
G. 89 .29 .49 .007 

6.43 .3G .30 .006 
6. 63 .33 .34 .006 

! 
fl. 51n.53 I. O. 57 

.48 
0.37 
.32 

O. 008 
.007 

6. 52 .57 .31l .008 

G.57 .27 .88 .010 
G.47 .27 .84 • DOll 
G. 82 .29 .07 .008 

n. 12 .33 .42 • DOG 
0.09 . :38 .43 .OU7 
5. 99 • <If) .37 .007 



________ _ 
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'l\\6LlJ B.-Evaporation, aos01'ption, an(l loss per 1nbwte of 3 1'epeZ
Lents applie(i to human s(lbjects, gtlinect 1)igs, and bleached 11Luslin 
during f'J hours in glass pe7'oolcttol's in 8 test series. (A1)1)li('rt ((8 

30-pel'cent solutions in ethanol)-Contiuuccl 

--·-,--·--·-'-~-c~--~----------·-'--·-

I 
t Amount of rcpC'llcnt PCI' squllrc inch 

Hcpdlcllt: Ilnd subject 
IJost PCI' 
minute 

I Applicd !II'~\,llPOl'lltt~d I Ab:lorbcd 

fC-'a-!.----1'-----1-----.1 
-D-j-lll-c-tl-I)-'[-P-I-lt-h-a-lll-te-.,-g-'t-lil

1 

pig:
A1. _____________ .• _______ 
A2____________ ..... _____ 

1\1y.
7. SO I 
8.00 

My. 1
0.87 ; 
. U2 

My.
1.71 
.5G 

----- 

illy.
O. ;)22
.010 

A3___________ .___________ 8.00 .78 2.40 .02(; 
A4________ .. _.... ____ .___ 7.89 I. 01 2.14 .026 

Dcct, guilll'!1. pig:
B L _.... ___ ... _.. _.. ___ •. _.... . 6. 72 . 35 1. 00 . 0 U 
132. ___ ... ________ .... _.___ G.12 .39 L 18 .013 
HiL •• _....... _____ •• _•• _ 
B4____ ..... ____•.. _____ 

02______ ___ .. ___________ 
01.. _________ ... ------- 

li.48 
0.47 

S.OO
7. S5 

.33 

.35 

. li2 

.9·1 I 
.90 

L 10 

.5(1
1. 95 

.010 

. (l12 

. OW

.024 

__~=~_·-_-_-_--_-_-_'_1__8_._OO"'!"I_~_'~~______~~4_01____._
02

_
7 

SEHlgs 7 (I '['1');;'1') I 

---------"'----.-------.--~------- .. -.~ ..". -_.-
I ! ' \

Dimcthyl I~hlhllltlt(·, llluslill_ .. ! G.9G 0.23 : _________ + 

Dept, mushl\. ___ . _ . __ .. __ .. _. , G. 9,1 11 ._ .. _~~.~~-I~~.-_~_~~_~~ 


W~~lnll'l',~J[) AVI·;[t,IClI'S---------- ..__._-
Dimct.hyl pltth(lltlt(': !' 0.54' !Humall subkcts_ .......... ___ . ___ • __ 0.44 0.008 


. 82 1. 70 . 021 
!l-Iuslin .... _ , .... " _.. _•. _. ___ " , __ • _. . •• _ . 23 _______ ",' _.... ____ . _.. 

Peet: 

Guinca pigs_ ---- •. -- .. ----1.-- ----.--
IHuman subject:l. _____ .... ______ .___ .2(j .74 . ODS 


Guinea pigs .. _.___ _ _._.1.____ ____ .3n.l L 05 .012 


Et~~ts::~~-I;n~:;1i;;i,-l~Ull;[;l~~~I\)~-I------.... : ~_; 1--_--.-~~.~._I--_.. -..._-~:J7 
.. ltlct:;---·-- ...._·,_-_~~~~C~~_-- __~_,_ ,_~_.._"_"_',,__ _,., 

l ,I-hour expo:ltll·('. 
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phthalate evaporated about twice as fast as deet. In series '7 gullien, 
pigs treated with deet were retained ill the glass percolators for 4 
hours instelLcl of 2. The ayerage losses by evaporation were about 
double those for 2 hours (0.678 vs. 0.355), showing that the rate re
mained COllstant throughont this period e\'en though the amolUlt on 
tho skin had decreased by t.bout one-third. Losses by absorption were 
only about 50 percent larger than at 2 hours (1.59 vs. 1.05). 

Losses by evaporation from cloth wel:e determined in series 8. 
Dimethyl phthalate was lost twice as fast as deet, but both were lost 
only half as fast as by ev[.~)omtion from InUllan subjects and one
third as fast as from guinea pIgS. 

The weighted-average losses are also giyen in table 3 for all the 
2-hour tests on Inunall subjects, guinea pigs, and cloth. 

A test was made to determine the evaporation rate of deet from a 
guinea pig over a 24-hour l)eriod. The ethanol tmps in 'which the 
enLporated repellent was collected were changed e\rery 3 hours. A 
total of 46.66 mg., or 6.22 mg. per square inch, was applied. The 
[.mounts lost by enl..poration during each 3-hour interval after treat
ment were as follows: 

Amount lost 
1'otal per square 

Hours (LlllOunt lost inch 

1-3 ______________________ _ 
3-6 ______________________ _ 
G-9 ______________________ _ 
9-12 _____________________ _ 
12-15____________________ _ 
15-18 ____________________ _ 
18-21 ____________________ _ 
21-2-1____________________ _ 

Mg. 
2.3'1 
2.35 
2. 60 
2. 43 
2. 88 
.80 
.H 
.34 

Mg. 
0.312 
.312 
.345 
.324 
.384 
.108 
.063 
.045 

The e\rapOl'ation rate was essentially constant over the first 12 
hours, increased slightly during the next 3 hours, then decreased 
sharply, and continued to decrease more slowly. Since the rate of 
absOl·ption has been shown to exceed that of evaporation by two or 
three times during the first 4 hours (table 3, series 6 and 7), it seems 
probable that very little repellent was left on the skin after 15 hours, 
when the (\\'aporation rate first declined. 

The preceding tests, and others mentioned previously, indicate that 
the rate of emporation of a repellent from the skin remained fairly 
constant lUlder uniform environmental conditions even though the 
dosage or amolUlt remaining per square inch might be changed, as 
long as the dosage remained high. Tests were made to compare the 
rates of evaporation of three repellents at high and low dosages on 
each of I;,yo lUUlllll1 subjects. 

A 6-mg. dosage pel' square inch was paired with a l-mg. dosage. on 
opposite arms or the same subject, and a 12-mg. dosage was paired 
wjth 0.5 mg. '1'0 obtain the different dosages, different concentrations 
of repellent in ethanol were used, since it was impossible to cover the 
[LrmS adequately with the full-strength repellent at the lower dosages. 
Tho t·wo arms of the subject 'YHre exposecl simultaneously in the glass 
percolators. The gas-wllshing bottles used to collect the dimethyl 
phthalate and eleet were changed every half hour for 2 hours. Those 
used to collect the ethyl hexanediol were only removedllt the end of 
the 2-holll" test period. The repellent remaining on the lLl"mS at the 
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end of the ~-h.oul' test per~od WllS recovered by rinsing and the amount 
absorbed cLurmg the entire 2 hours wati compllted. 

'rho results are gl\'l'll in. table 4. At all dosages (leet was lm;t aboul 
half as Jast as the other repellents. '1'here was some increase in tlte 
amount of ench repelle!lt lost with each illt'l"eil:::c ill tlte dosage appjjed, 
but the amount lost dld not l'cpresent (~ COlhitant p('reentage of tile 
a~nount applied. For examp1e,. GO percent or the O.;)·l1lg. t\osilge or 
dunethyl phtha.1ate was lost durlllg:!, hours as opposed to ollly ;) pel" 
cent of the l~·mg. dOSilge. The rllt:e of 10::s usu:tlly l"l'llJaillcd [aid\' 
constant fot' each hlllf-houl" period, but ,1t the ().:J-mg. llosagc- It 
l1peJllll'd in l'tleh succ('ssi \'t. lwriod. 

TABLI;; -L-E'vapOl'1;tion and absorption of 3 repellents duringl'w'lolls 
intel'vall:; a/tel' tl't.nbnent from al'lIIS 0/:2 8ubjccts trea/cd /I.'illl l'llri
Ott,:; dosages. (....lvcJ'age of;~ tt!l:;ts on each lSubjed/ all ll/lwwlls in mg. 
IN' J' sq. in.) 

iAmollnt of rl'pcllpllt ('\'tll)()- t Tolal Tolal 
mlcd in indh;,tWd illll'n'al I ('\'[lpOl"lllpd I tlb~orbed 

Rpp(,II('lIt after lrl'lltllli.'nt I for subjPcl- . for ::;ubjecL
and (Iosuge 

A c A c 
. 

~_._",_~"' '_w'~.-_.___.r'_'" _, ___ 

DiJlwlh \" I 

phCludalp: 


0.100 
I! 0. 1-.,0 ! 0.103 i0.100 ; O.ti:2 O. 70 0.7S 0.95 

. 1-11 I . IA I . 13J • 135 1 .53 .57 .8:2 · S·l ~~=~:=·--··~':'I_____ ,-0"." _ 091 . OSG ! 32 .55 IL to:! \ _ . 08-l ~ .40 • GG 

. 096 I • 085 . OlH . OO:! 1 .30.5. _______ . .31 .39 I · ,lQ,
JJ('pl: f I 

1~_____ . _.' .078 i . O~O I .075 1 .07U .29 .32 l. 13 \ J. 3H 
0_--_- .075 .073 ' .071 I .075 .:W · :3:! .50 .80 
L _____ . .0-1.7 .20 17 . -1.1 .3li.0·18 .0·.17 I .O-H !.5 ___ _ _0·19 0'·'9 034 

I 

15 .28 1 .2ti.03:! I · 10 
• U 1I .Ethyl 

Ihpxtlm'diul: I I12___ _ · C')). .63 .73 I · S() 
IL___ _ . -- :-::~~~l · li3 · til • GG• i .8G 
1______. _ • __ . __ , _·10 · ,Hi .40 5') 

~ ... ---- .... --------~- ~------, .. 
.23 .31 .30.5. _. · '27 I 

Deteriora tion on Skin 
Studies were conducted t·o determine ,\"hetiH'r the repellents dete

riorated during ,1. period or aging On the skin1 either by absorption of 
:-:kin secl"ction$ thut rcllucc<l their etfecti\'encss or by chclllical 
breakdown. 

Since, tho skin giYes otf eill'bon dioxide. and carbon eli.oxide attmds 
mOilquitops tlt ('ci:tnin concentrations, tests were maele to determine 
whether tL t[ecrC'l)::;o in 111l~ elfeetiYclH:ss of tL repellent waS cansed by 
pnssing ca.rboll dioxit1c throllgh H. Cnrl>on dioxide was passed 
throu~ll 100 m1. of dimethyl phthalate for 1, 2, '1, [tnd IG hours ilt 

tho l't~te or ~ liters per minutp. Protection tests with the repellcnt 
immediately after rClllorill of the carbon dioxide flow ~howed no 
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decrease in effecti\'eness in compnrisoll with untreated dimethyl 
phthalate. CtU'bOll dioxide deteL'lllin!1tiOllS were made immediately 
after n'1ll0\'illg tlm l'E'pellent from the flow llnd after 20 and 45 hours 
at ruom telllperature. The repellent beclune saturated, iu 16 hOllrs or 
Ies:; amL lost ca.rbon llioxide rapidly after standing in open containers 
al; room tem:perature. 

~\ test with carbon dioxide passing through water-free and watel'
satul'tltccl dimethyl phthalate for 1 hour showed no biological eli tfer
enees Oll cotton stockings, skin, Or artificial membranes, or in blood 
supplying' the. art.ificial m~m~mllles. _ The method for testillg on (·(~t
ton stocklllgS 1S glven by SmIth (19D8) and that on memlmmes Or 1Il 

blowl by Bal'-ZcC\" and Smitll (1~);j9). The failure to obf'ain biologi
cal,! drcrenccs may be caused by the rapid cvaporation of the carboll 
dioxide when a,pplied to cloth, skin, llrtif-icial membrane, Or blood. 

Tests wcm conducted to determine the elfect of adding sweat to 
tltrE'v repellents. Swea,t wns col1ectec1 from the arms of each of three 
subjects. Ethanol sol.utions contnining equal parts of sweat and repel
lent were tested on one. arlll of the ::i<lll1e subject from which it was 
eollected and paired with an NllHll concentl'tltioll of the repellent alOll(' 
011 the other ann. The lL\-l'l'ao'c protection times to the first confirmed 
bite are gin'll in table. 5. Th~ addition of "m-eat c:lIIsNI no consistent 
reduction in the etIectirene::is of the l'Plwllent, although there wns [1, 

signitkiHlt reduction with drE't on subjpd C. 

'l'.\BGI': 5.-P)·otection time 'with etltai!olsoluti01!S of 3 1'epeUenf8, ((lone 
llnd miJJcd with equal concentrationN of ISH'cat, on 3 human subjects 
against Aedes aegypti. (4 te8t8) 

I'l'otl'C'liOll tilllO 
Repell('nt (concclltmt iOll and amoullt 1)('1' 

f()('PtlI'lIl) !tnd !>ubj('C't 
With HalioWithoutI' l'<w('at 	 , :,,\,pat 

; 
-----------------~-- ----------l----- 

" 

I .1/ill1(II'S ,I Jfinuies 
Diul('lhyl ph thaln t (. (~5 Iwr('l'ut. :!-4 ml.l:

A ______ ._~ ____ • __ ~ __ ,_,I .loa 89 O. 89
H ______ • _____ • ~ _• . _ 	 ! 140 13U . n7c._ .' ________ .___ ! 	 1·1 . G-{ 

])(:~~ _( ~ ~ _1~{~r:·~.Il:~ ,I . 1II1~)_: _. _ • • . I 
~l 

353 	 385 I. 09B ______ . , __ ,_,_ ..... _.. ' I 37:3 	 371 .90c______ .. __ . '_, _,- ____ '_. ___ .f 339 ~-w I.n 
ElhyllH'~uJlPdiol \:!5 IH'f(·('IH. I ml,):A ______________ • __ 

294 	 2U3 .8913 ____________ . ___ .. ___ .. __ .. __ 
25·~ 	 2·15 .9GC________ . __________________ . 
~U 	 238 1. 13 

1 J)i{fpr('!l('p "ignifiC':Il1t (It 5-JlI'!'c('nl I(·\'('!. 

To detc;rllline :dlethsl' bacteria, on the skin contribute {'O (l('('l'ensing 
the elreCCtH' penoel, dUllethyl phthalate was tested conellLTently Oll 

unwa~hrd arms and 011 arm" that had been 'washed twice with a 1 :1.000 
solution 0 E merthiolnte nmll'iLl5ecl twice \yitlt alcohol. The Jllel'thio
litto $olution alone did not pre\-ent biting. The period of' protection 
was nllllo6t identical on the tl:::eptic and nonn:'epfic ~ll'IllS or foul' sub

http:1~{~r:�~.Il


PIWT8CTlO:-.r PERIOD OF' )lOSQel'l'O HEPELLEX'l'S 15 

T.\lIu: H,-I)rotef'fi()1t tiJlll' /I'itll (l8f'pti(' lind ItOfll/septic ({J'i1l~ of ij 811b

jecf.~ treated /l·jtlt 1 {JJJI. of dimethyl phi/udale (lg(/ill,~t ;\ed('s 
uegypti 

A'i('pUt :lrm to· 

5 lIiH';': 

Jrillu/(w Jfiltll/('s I 
1 .\1 inl/lrs JI iI/ilks 

225 ~~5 I '2'25 '25:) 
lSi :,?\i ns '2·18 
I'2S lii8 I'2S liiS 
1.>5 1;'){j 155 15.'i 
'270 :?70 '27"2 272 

jPt't:4.all<l ,;lighl1y IOIlf!YI' 011 tl\l' nOIlH:4epli(' a rill of:l fHth subject. The 
det:Ll!ed rl''';lt!t,:. .ll'(' gln'1l ill labl\' G, 

~\.II additional Sl'l'ip.~ of' le:'ls I\"as ('ol\(lu(,tP(l ro dl·tl'l'mille whether 
II n'!Wllt'l~t tl'PHtllll'nt: rai!l'(t tq !!in· pt'otN,tioll nft"t, ,\ ppriod of agillg 
on the. ,;Inn solply bl't'au:;p of lilt' (!1l<llltity In,.:t or whei"llPl.'tlw l'emain
in!! l'elll'lll'llt had dl'tel'iomtl'd and was dwreforl' 1e::'" e(recti\"(' thall 
an c<illill allloullt of I'P!wlll'lIt fJ'l',;llI,\' app!il'(l, l)o:4age:' of deN small 
('Ilough to 1ll'l'lltit l'lIl11piPriolt of a n':,t in a ,;in~rle lUorning \\"pre ap
plipd to til(' J'igltr 1'01'(>:11'11\:; of ('ai'll of two :'lIbje(·ts, TIH' subjects 
altel'uall'l.\" ('xpo,;pd [hpil' 'TetltNl arm,; ill lhe :'ame ('ag('· of l\I(l:'fluitoe::; 
IIlItil lin' bitl''; II'PI'P I'l'l'l'i\'lld in:) I1lillutP:', TIll' i'Ol'Pl!I'II1:i \l'erp imme
dil!tl'ly I'in:'l'd \l'ith ;l()() Ill!. of' (Ii,;! illPtl Hle-oilol and a qllalltitativ(' 
<lp('eL'lnill.Hiol\ \\,:\" illllllt'diatel,\' 111:\<lP b,\' II I(I';\.\'iolpt· ;-;p('drophotolll
(,tl'Y, Fn,,;h :lppli(·:lr.ioll'; of dl'l't ill lilp :I1110llllt 1'('('O\'(,I'('d from the 
at'lll'; \\'pl'P tht'n IlIndl' to (lit' ](oft fOL'l'anll'; of th(' :,alll(' :;Ilbjeds, which 
\\'l'rl' illlJlIP(liately tp:,ted ill till' "nl1l(' ('ag"l' of lIlo,;quiioe:-:, 

TIlt' 1'l',.;ul(:; :11'(' gin'lI ill ULilk C, Till' alllOUlll of I'P1>pll<.'1II 1'('('ovPI'ed 
imnt('diatl'lr ai'tpl' rin'l>itp:, \\'PI'P I'p('pin·d 1':lI1!!"l'd fl'Oll1 0,;1:\ to (LiO lillI, 
(>('1' ,;qunl'(' 'illt'lt fol' ,;ulJjl'l'1 ~\. alld t"'OIll (J,:lli fo {),-J.•~ IlIg, for subjed" (', 
,Yhpll npL>\'()xilllatt'ly (l(LlIld HIlIOUIl(S \\'('1,(' applied to tltp other l!1'11I, 
_\ ,'p('pir('(l lin- hill':; illlllll'tiiatl'h' ill l wo tp:,(,; alld li\'p Ilin's n 1'(('1' ;30 
lIIillllip;-; in two (llh('r,;: (. 1'('{'l'i\·p~1 lin' hitl's illlllll'tLintply ill tlll'pe t('sts 
an(l (h'e bill':4 aftpl' Oil lIlinutl':; ill allot lIel', Th(' ~[f<:f) ill this scrips 
of {:l':'(;-; \\':1": t IIl'1'pfol'P bpt W(,(,II (J,:W ;UII!tl.;IO IlIg, IWI' ,;qllal'(' iwh, alld 
rL'P;-;hly npplipri. l'Plwlkllt \l'a,; lin II\OI'P pll'(,('1 in' thall all rqllal amollnt 
(;1' I'PLwllpllt j'CIlIHillillg as nll ngl'd I'P,.;j(lUl' froJll a IH':t\·il'1.' original 
npplicatioll, 

[n it fUl'thel' eftor t io dPtPI'lIIill(' \\"11('l"hel' an\' chell\ical hl'l'akdo\\'n 
()('Clll'I'e<l durillg the (imp 111(' I'Pppllen! m\;-; agili'g- on t1le Rkin, samples 
of I'{'('on'\,pd l'l'lJPll(,lIt \\'('n' analyzp(l by inh':u'pd :;pedl'ophotomelL'Y, 
OU(;\ arlll of ~l1hjpd ~\ \l'a,.; t I'pail'd with (h'p! alld 01\(' ill'lll of sllhje('t C 
with dinlNhyl phthaillte, .•\.t'tl'r (i hOlII·...; of aging the n'pelll'nhi were 
1'('(,0\'('1'('(1 In' rill~illg" Ill(' arl\\:; with ptl1anol. and Ow ulltl'eaf"ed arm;:: 
\\,('I'P a I,;odil:-P<l wit'/) pI hanoi to pl'ori<ip a ilia 11 k 01' haekgTolllld 1'(';1<1
ing. ThL'Ol1!rlt thl' kiJldIlP;-:"; or ~, "\, lInl! alld )fo,,{:oll Bl'roz;1 of the 
Elltolllolog}: Hp,.;enlTh /)i\·i,.;joll, Ih,!t;-.\·ilil', ."d"~ thc'se solutions W('I'e 
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T.\llLI'l i.-Etfecth·eness of fresh (/pplication,~ of deet to It;ft ar1nS of 
;Z subjects in amounts egual to those N'C01'l;'iWZ by 1'insing fl'01n1'zght 
llJ om8 immediately after l'eceiuing 5 bite8 frVln caged Aedes aegypti. 
(-,Ill amounts in mg. per sq. in.) 

1:luiJjl' ,t :tnd U11l01ln\ 
applil'<i to right arrn 

A: 
O.Ha 

O.SO 

().;iO 
O.tHc: 
O.l'iO 
n.7!! 
n.77 
0.:):1 

Tin\(' to 5 
bitl's 

J/illllil'N 
121 
.121 
liiO 
ao 

122 
!JO 

122 
ao 

"-_ "---~-'T-7 

Amount 
rpcovpr('d 
from right 

arm 

0.50 	; 
.3S ! 
· :1:3 
· ·11 

.36 
• ·\.·l
" au 
· :1(i 

~____ ~ .-

AlIlount 
applipcl to 'TillH' to 5 bit('s 
1l'ft arm 

Jlinl/ies 
0.50 	 T mmediately. 
· ·13 :30. 
· :H 30. 
. 4:l Immediately. 

·a-, Do. 
· ·Hi Do. 
• <J() 60. 
. 30 Immediatply. 

('OI1lIHU'Nl with SbUldal'd solutiolls of the fresh repellents. The infra
I'P(l eUl'I'ps illtlieaicd that thcre had bcen 110 appreciable change in 
either.' rcpellcnt. 

Excretion in U dne 
The possibility of recovering' unchangcd repellent from the urine 

O[ trealed subje('ts was iJ1\Testigated. Known amounts of repellent 
Were a<1<1P(l to 1lrine stul1ples. _\. 100-1lI1. sample or urine was shaken 
up with eqnal parts or isoocbtlle for.) minutes to mix thoroughly. A 
50-ml. sample of the mixture of isooctane lI11el urine was centrifuged 
to separate the isoo('tane from the. solids. The clear sample of isooc
tane. was rUll Oil the. ultrayiolet spectrophotometer. The amount of 
d('l't n'('()\-ered from the first extl'ilC'tiol\ was about 1+ pen·ent. and that 
of dimethyl phthalate [lbout.IOO perccnt or the amount used. Samples 
of urine 1'1'0111 the. untreated subjeets were collected over (L 24-hour 
pl'riod and pooled.•\. cheek samp'lo was run on the spectrophotometer 
from thesn eolleetions. 

The forearms \\,('l'O then tTeated wit h about 18 Illg'. of deet" or di
methyl phtltabte, \\'hi('h remained on the arms for 6 hOHrs. Urine 
sal1lplps ('oll('('t('<1 JOI' 24 hours aHer treatment and also samples for 
tho ,~8-hour pl'l'iod nHl'r treatment Wl'l.'l' analyzed rOl' the rel)ellents by 
~p('ctrdphot()nH.'try. :So differences "'ere obsClTed between the read
in,!!:,; of the tre:tted find ('heek sample::) on the spec-trophotometer, ineli
eating t}lllt no (~eet or dinH'thyl phthala~e,in its ol'igin~l fOl"ln was 
prt'sent III th t\ m·lne. 01' that the. amount ellllllllatNllllH'hangecl was too 
:-Illall for determination. 

Thl'se resultB were confirmed in subsequent studies by Schmidt et a1. 
(m.i!)) with ("II-labeled deet appliNl to g'ul11e1L pig'S. Theil' findings 
drl1lollstrllted that. although 1110:'t of the absorbecll':lc1ionctivity was 
('xer('tpd in t11p u rinp. no unchang'cd cleet ,'-as pl'Psent. 

K:bnlall et. ttl. (J[)(iS) found evidpnee thaL a metabolite of the re
/l1'11('nt 1-phpnyl-~.h~·droxypl·opa none-I was pl'es('nt III ('onsiclerable 
(lLUlnt-ity in tIll' l\l·in(' from it treated guinea. pig'. They concluded that 
a.h,;ol'pt ion was a significant fador in repellent loss. 



FACTORS AFFECTING PROTECTION PERIOD 
. Tho length of tim(' any gin~1l dO:i.agc..o~ a l'epe~lellt l'('mltil~S dY('cllYC' 
depe.nds not only Oil the mte at ,\'.lm'lt It IS lost It'0111 the Sklll but also 
on tho minlnnull residual amount that will continue to prenntbiling, 
il. factOl' that has sotnCtilll(,S been o\'cl'looked. For example, Kasmnn 
et al. (1958) found that dimethyl phthalate WilS lost by l'Yitporaiion 
from liltel' (>ape1' at O.O(}O~l"t mg. pel' squilre ('t'lltillll'(Pl' per minlltt'. 
From this, lLS:inming' that it "'ould CYilpomto at the samoratCl Jl'om :t 
guinea pig, tite.), l'alculalcd that the pt'Otection timo shollid be :1,DOO 
minntes from It t\o::;nge of 1:7 gill. pel' square ('t'ntimctN' if eVlIpol'l\tioll 
wcro nle only IIwde 01' loss, a. ('ompulation that also assumes that the 
rt\pc.l\('nt would gin\ proleC'tion as long as allY appl'cciabll) (lultnlil), 
rcmalned 011 the skin, 

The studies cont1uclcd at Odallllo, bowen'l', show('d that. thi~ i~ a 
minimum C'fl'('l'ti\'o (losag(', 01' ",gO, ",hie-h will prC'sumahly Lx, af1'('clcd 
by ~Udl fn('l(}\'~ (I:; the tl\'itlity of the inscels :tntl IIIl:' aftl'aetin'IWs8 of 
tho ho;.;l, liS Wl'1l as tll(' t'lIieil'llCY of (ltl' rcpell('.l1L Variations in t 11(' 
avidity or the 1I10~l'lit()es :lS II fadol' in till' )n~D W('I't) ('litninnlC'd n~ 
much as possible by fhe Pl'oC'l'lturC's des('l'ibed nndel' j\£:ticrials and 
~r(llh()ds, Sllldie~ on (he, efl\'et of th(1 host on dw pl'otpd ion oll(aill('(l 
indu<l('(ll'Xll('l'inH.'Hts Oil llw :tlllO\llltS Ot l'('PCIlC'llt J'('lliaillil1~ on (lil'
fC'l'l'nt subjC'dS nt' till' timC' tltt\ lirst bitN, \H'I'C l'C'cci.\'cti, the':lInou\1(s 
l'equil'C'd to pl'ovi<1(\ protection w!J('l1 first appli('d, l'OIT('.latiolls iJC'l\\'e('1l 
attt'adt\'et1('ss of {he host without 1'C'!wlll'nl and the, prott'('tioll t"(1

('(Ii\'('d, the (lfJ'pct of hail' and ::;l'!Jlllll Oil nJtraf'tin'I\l'ss flnd PI'O/P('{iOIl, 
and the rl'lati\'e l'lreeli"l,lt(,SS or l'C'flPltl'n[s Oil hUlI\an::; and i\ninulls. 

Residual Effectiveness and Rate of Loss in Relation 
to Protection Period 

Two s(ll'i('s of lests were COllductcd to de[C'l'minc the amollnts of 
dimethyl pht.lmlillt\ lImt l'('mlllnC'd on the, ttl'lns of six subjects at the 
timo the l'l'pl'IIt'I\('Y dl"opp('~1 to n, Ill\'('1 that allo\Yl'(l (l\re bites in a 
3-minute ex. POSlll'(', [n t /Ie, fi l"st sf'l'ies pa.i I'('d tl'stS WC'l"e>, madC', in an 
incomplef:n bind.: dpsig-Il t.hat eonsisled ()f thrNl tests with each ill'lll 
ot each suhjt'ct. This ('Xp('rillll'llt was made, ('a I'I.\' ill the ;2:('I\(I\':d sltldy 
oofol.'o [hll. t(lChllilLllt' of !'t'('()\'PIT of r('I~('llenf: from the a 1.'11 IS by rinsing 
had b(leJ) d('.n:lop('(l. ~\s soonys til'c Intl's wero l'('('('in'd, 1'C'C'OVl'I'Y was 
mado by WIl)lng- tll(' al'IllS WIth C'th:lnol-soak('d ('olton pads :lIld dl',)' 
pads and ex.tl'nctin!!; the l"C'P\~Ill'l\t. frolll the pads. This tc('lll1iqll(> 
proved t·o hi' Il';-;'-; (;Ili('i(,lIt. than rinsing, and thC' actua.l amounts of 
repellcnts 1'l>ll1aini Ilg on the n1'11lS wel:(' pL'obu.bly slightly hight'I' than 
the amount::; ll1('tlSlll'('t1. H()\ww'l.\ the dat:L 11 rt, pL'l'sent{'(l in table 8, 
us tbey pl"ovid(' n, nil id <:oJn P:U'jSOll of (he <1i n'l'J"('UC'('S and similarities 
betwecn snbjC'cf.s. 

Tho H\'('rag-(' IJl'o[pdioll lilll('S l'nllgl'd frOll1 ;':2. In :2()O nlilllll(>,-; OIl 
ditl'OI'C'111 ;.;uliject,;, with an o\'l'l'all :\\'(>rag-l' of 14R IIli11III(';.;. The r('

c(>\'ery rate;-; rnng('d fronl ·LIO [0 ;i.!iX Illg-. per S((II:1I'(' in('h, wilh all 
it\'('rngl' of' ·L·UJ. Lo;-;,; Ill'l' ::((llan' ill\'l\ I)('r lIlinlltl' ranged. from O,OJ() 
to O.O:W 1llg-.. with all H\'prrtgp of O.OL1, Fi\'C' slIbjpds had alnlO:-;t 
identical amollnt;; of I'l'(l('lll'nt. 1'l'llJaining on ill(' i1rlll:1 \\'llPl1 ri\'(~ bItC'R 
wore l"('('('i\'C'd (·LIO to ·IA;~ 1lIg-.), although tlH'il' pJ'(){(,ctioll lillle:-; 
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T.\!\u: 'tl,~jJl'(}t('('li()1! tifl//' lI'ith d:mdlty/ lJllt/w/I/t(' Oil a lUlJlllln .~/lb
jed8 Iff/alnsf ..:\(>(les tlP~yptL 111/l0/lllt of "/ pe/hllt rC(,()I'i'J'(!d by /l'ip
ill!/ IIftel';) bite8 ll'/'/,(' 1'1'('I';I'I'd, IIl1d (',dell/rlted mtl' of 101..~. (.:11'{,1'

a[le of 7 IlIg, lU'l' 8({ ill, flpplii'd: (] te,..d.~) 

Anlilullt of n'l)('lll'nt 1)('1' sqlltln' inch 
Prolp"tion .... ----1,·-·----

t ifill' . I 
Lost ! Lost pC'I' 

. lIIi Ill! tl' I ...._._.1__.._
.11 i 1I1I1~.,' .1[(1. J/I/. I JIg . 

A :!UO ;) .-- I.J. ,I:{ -~ ,11 1 O. (lIO 
fB 1-·)_ .1 ~ :2~3 .) SI ' .Ol;{ 

C un ~L ~37 2. :)() I .o:!o 
I) \.,), .r. 10 :!. HI .015 
E ;,:! .J. (j;; ; l. H·I I ,015 
F l,ti • .1. \.) . :!. ~·I ,Olu 

I·IS .1. .1Il :!, ·1\1 ,015 

IO"j·' till-(. P(,I' "qllar!' ill,'h 11'11:- 1IIH'l'(,OVPrtlill(' hy thi~ Illl'l hud illllll('dintPly 
:lftlT appli ·atioll. :lIld t !!i..; :lllluunt W:1S ';lIlltr:l t('d from tIll' total lust I)('fol'(' llIP 
10,,:'< [WI' lIlinl1t!' 11':1" COlllputP(\' 

~llO\\"l'd II I. \\"ofold rall~l' (!H) to ~()O Illinu[l'~), Tltl' pl'otPl'tioll tillll' 
w.ts ill\'l'l'sl'ly l'olTPlat~>(l wilh thl' rail' of I()~,;, ~llbj('d E I'('('eil'e(l 
hitl':; with a hi~lwl' l'l':,idual t!o;-;a!-!'p of I'P1J(>1l~'nl thall the ()lllPr~ alld 
had till' :-;IIOI'tp:-;t prolt'dioll Ill'riod, l'yell thollg-h hp I()~t I'('pellpnt at the 
n,\"pra!.!'(1 I"n t'P. 

~\ ~(,(,()IHI nml'l' l'xtpll"in' :'Pl'il':; of Ip:,t:-, wa~ 1I1:\(ll' with subjects _\ 
a1\(1 C, who had ;;Iw\\'tl lOll.!! .uHl shorl pl'oll'('rioll I illW';, I'espl'eti\,piy, 
ro (,Olltil'nl til(' di 1l'I'I'l'lll'P"; ob"PI'I'Pll ill till' lil,:,t :,t'ril's and to dell'l'llline 
"hetit(,I' rhpl'p wn~ a si~llilkallt dill't'l'elll'(' iJpl\\'(,l'n rill' protection 
tillll'~ on oppo:-,itt' arm:' of I hl' hallll' :,ul>jt'('(. 

Six pail'P(1 Ipsls \\'PI'P l'un, First th(' right· al'lll of ('(tcll subject, 
(ilt'll tlH' Ipft al'llI of' l'Hl'h, Wah l'xp0:-;l'll in .\ hiJ1~le l'a~e at path l'X

PO:iIll'p pPl'jod, Xp\\, {'a~p:-; \l'l'I'l' usp\l fol' PI'l'ry l':;:p()~un' pl'riod to 

as:ill1'P fn'sh llIo:'quito('s, TIIl'n'pl'lll'lll \l'a:' \\'ipp([ I'l'onl til(> al'nls illl
IIwtliall'ly at'il'1' it bl'('allll' illdl'('('lin', Ihat i,;, \l'1tl'1I lin' bill's "'('('l' 

all()\\'('{\ til ;~ lIlillllll''':. TIll' l'l':'lIlts HI'P !.dn'll in lahh> n, 
~\~Hill then' \\'1'1'(' ,.:i~nili{'alll dill'pl'(:II{'P'; in till' Pl'ot(','t ion liml' and 

10";"; Ill'l' luillllt(' hpl \\'l'PII :iuhj(,{,t:-. bUI lIot lJPI\\'Pt'1l oJ>po:-;ilp al'IlIS of 

tlw :iallll' ";lIbjt'I't", SlllJjPl'l .\, with tlil' IOIl~('''t Pl'OI('l'lioll Ill'l'iod, 
IO:'l 1l.()ll Ill,!.!', 1)('1' :,qllan' indl Pl'l' Illilllltl' fl'olll till' l'ill'ilt arm anll 
(l.ll\;~ from tltl' Idt. about till' SalllP a:-; ill tlIP !lI'('\"ioll:-; le;;t :;(,I'il's 
to,OW), ~lllJjt'd C, with tllP ,,11o(,[p:,t prot('('iioll Ill'l'iod, lo:;t ().()~H 
lIlll ().()~;~ Jl1~, pel.' ,.;qn'll'l' illl'h JlPl' minll[(', :,Ii~"tl." mol'(' than ill lhl' 
pl'el'iolts t(':,r (lI,(J~O), 110 \\'(' I'PI', in Ihi:i :'Pl'il':' IIH'I'(\ was a1;;0 a stalis
~i('nlh' :-;i!.('nifil'nnt, thollidl ;:;lIIall, dill'l'I'PIll'l' ill til(' HI'l'l'll!!l' HlllOllllt re
,'O\'l'l:l'd from till' a 1'111:-', 'a.,; :ill bj l'(,( ~\ l'p('l'in'(lllitl':i willt IIlOl'e 1'l'ppllPllt' 
on hi,.: ;\I'II1:i than :-ubjP('t (', 
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Ath'activeness in Relation to Pl'otection Period 

Sen~n series of tpsts were made to stud" thp attmcti\'eness of fi\'e 
subjects to mo::quitoes !u1<l the l'elationsliip of attrtlctiYcness to the 
protection ppriod obtained with repellents, Attractiveness was mens
Ul'ed by the biting-l'llte tests prHiously described (p, 2), The first 
scries was conducted to detel'lnilw the relati\"c nttmctiveness of three 
Hubjects, A, n, and C. who had sho\\'!1 lOllg-. illtennediate, alld shod 
protection periods, l'espccti \'ely, with dimethyl phthala.te (table 8). 
Tl';';[;:; weL'C Ilwd(' in the 1Il00'ning and afrE'1'11001l \\'ith l'ach arm of each 
sui>jeet ill it l'Olilld-l.'obill ;;('t'i('s, The l'l'::mlts are shown in table 10. 

TAlILg lO,--J'al/mt/ al/I'((('[i c('n('s8 of ((1'1118 of J .~ubject8 to caged Aedes 
ltl'g,rpti, (.:ll'eI'tlge of 20 teMs) 

Bill''' p<'r SqUlll'l' inch Pl'l' minllt(' 

SlIiJjPct Lpft tll'lll n.ight al'l11 

Avcmgc 1 

___________1_A~:r.-, P:J ~L~\~~r. -'_P_,_~[_'_l______ 
SlI!/!- 1 ,':'WI- I Xum- _\'1/./11- Num-

A ____________________ .. __ ber ,ber b( r ber bel' 
B________________________ .. 0, :1!{) O,~, 1 O. ·I:! O. 35 O. 34 

_ ,Il ! , ~s . liS 1. 07 . 9 L C______________ ... ''-'_ 
, a I! .:!O. , a2 , 18 . 26 

1-------~)----_:_---!----
L,S,D, at

I-pl'rCl'llt It'\'('!._ .. __ • __ _ .:!I .10 t ,22 I ,10 ,10
5-perrpnt It,\,c!. __ ... ____ _ .J.!' ,1-1 

I 

.I;j' ,17 1 ,08

I----,-_._. ------....•._------.-..... I 

I SO tests, 

~lIbjl'('t (', who h:1\l fill' shol'tl';';t pl.'oil'etion pl'l'iod, had fewer bites 
th:m subj(l('f' • \. \\'110 h:1<l Ihe IOIlP.l'st , 110\\'('\'('1.', t he eli fl'uel1ce was not 
:-:ig-nifi('Hllt in tIll' 11Iol'IIing' t(':-its wit It (·i!lH'r a 1'111 0\' ",ith the left arm ill 
tl;l' aftl'rl)ooll. and [h(' clifl'pl.'C'll('P in thl' on'rall a\'l'l.'age was just sig
Ilifiean[ at tIl(' ')'Pl'I'C('1l! Ipn'1. Subject B \\":IS about threl' times as 
a(tl'a('(in' as ('ithl'I'.\ 01' C, but had protpction 1ll'l.'iods .illtermediate 
la'tween tlWlll, Thl'l'(, \\'as 110 cOllsistent eli f1'el.'pnl'l' bE'(I\'l'ell the morn
i1Ig- nnd nftel'lloon hit ing- rat ('S, Tlte \l\-Pl'nll H\'el'age \\'as 0,51 bite pel' 
;;fllltU'O .illdl 1>(11.' Illinut(l ill tltt, Illol'nill!l' nlld O,iiO in the afterllooll, 
(}ollek and Smith ('lJ(J,!) JOIIIHI !lTl'ntel' a \-idity in mosquitoes tested 
tlg-aill:-;( lo\\' C'OIl('t'llt mt ion:; of I'Plll'IIl'lli in tIl(' aft-penoon than in the 
Illol'llill,!!, llo\\,p\'Pl'. in (Ill' tl'litS l'PPOl'tl'\I !tPI'e no l'l'lwllent was llsed, 
,Ul<[ all tlil' Illo:-;(Lllit()l's ill tlte ('agl'~ wpre s('It'ded as biters :t fpw 
illillll[l'S lwf()l'l' tIl!' (PSlS\\'Pl'l' IlIadl', 

.\lthoui!h tlll's(' tests sho\\'l'<l no ('Ol'l'elntioll he[\\,een the natural 
ath':H'lj\,(~I'lPSS of i Ill' sllbjt'ds and the I'clati\'e protection they had 
obiai nl'lL wi t It d impi 11,,-1 ph t lia I a i(', t h(>l'e was ('ollsidemb Ie V:1 riation in 
lhpil' Ilit ing mll'S from !lay to day and if ;':('('111(><1 :Hh'isable to compare 

http:phthala.te
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the two phellomeIH1, conClllTenth', Six round-robin st'ri('s of t~sts were 
r~n, three with subjt;'cts .A, 13, tln(l C, u:::ing (111'('('. l'eppllents; and three 
,nth subject A and two female sllbjt;'ct~. c;. anel II, The l)itir]O'-rate 
tests and protection-time te:::ts wC're made during the £OL'C'noons ~f the 
same day? to aSSure identical a "ic1it.r ill both tYPt'S of t(lsts, .As soon 
as the bltll1g-mte tests were completed, the same measul'ed area of the 
forenrlll 'was heated with l'epelh1 1lt. The treated ill'lll was then ex
posed to mosquitoes;) minutes aft(-l' tl'eatm(,llt and e,'el'Y :30 minutes 
thereRTter untlt a c()llfirnwd bite 'was l'eceiwd. The remllining repel
lent ,,'as rinsed from the ttl'lll with ethanol and det(,l'lllined spectro
photometric-nlly, and the amount lost pel' sqmn'l' inch of skin pl'l' 
minute waS ('alculnted. 'I'he ('('suits nt"l' l!in'n in fable. 11. 

In all tests comparing subj(>e\s ~\, H. 1I11d e (snips In, Ib, anellc), 
subject, 13 showl'dthe ~rl'ateHt natUl'H1 nttruC'ti"l'n('ss (highest biting 
mt.e) and subject (' the !Past. The dill'l'l'l'l1tl'S Ul'twN'1l 13 and A were 
always signil'i('nnt: th.os(' be{wl'l'll A and C were significant in two of 
thQ three series. Snbjl't't C ahYll)"s had si~ni{ieantly shorter pl'otec
lion periods Hum B alld _t. He U1HO lost repelll'nt fa:;ter, significantly 
so in t'wo of the 1111'\'(.' SHit'S. _\ rl'eei\"t'(l signilieantly .longer protec
tion than 13 with clil11('tllyl phthalate ollly ;l"nd showl'cl no consistent 
<litr(',rl'l1ce in rate of loss. In th('se (ests thi' Jaih\l'(~ of the repellents to 
protect (' as long as illl' other Hubjl'C'ts eannot br aitrihlliNI to greater 
natural attractivl'l1ess, but it was appttrently co\'related with a. faster 
rate of toss. 

In the thl'('t'. s('t'ies with subjN'(S 0, H, and ~\ (2:1, 2b, 2c), theTe. 
was no correlation bl'twl'('n the relatin~ attracti "el\Pss of the. subjects 
and thl' Hmount of pl.'otPdiol\ 1't'('('in'(L Hnd only incomplete cOLTela
(ion bl'tw(,(,11 illp rate' of lo;,;s .1IHllll(' protection limp. Subject A, the 
mttn, was the least nti'metl\'e in ttll three ;':('ries of tests. The differ
('n('('s W('I'C stati:::ti(,:tlly sigll i lieam in t ,,'0 s('I'i(>s, but the~y closely 
approached sig-ni[ieanC'l' in ttlt' ot hel' ~wries, In the series of tests with 
d('et, ~\.. was sil!Jlifi(',\l1tly If',"s nlil'actire tllHIl (} but not H, lost repel
lent fm;tl'r th(~n I[ but lIot (1, and had tl signifienntly shot,tel' protec
tion lWl"iocl than ('itlH'1" n 01.' H. ,Yirh dimethyl phthalat(':.A did 1I0t 

lose repell(>nt as fn:-t n;.: l'itlH'l' n 01' H, hut hall a signifknntly shorteL' 
protl'clion t i l11e t ha Jl H. "Til II et hyl hexa I\Nliol, .\ had the smfLllest 
rat(>, of loss nnd tilt' lon!!l';':1 Ill'otl'etioll illll('. subj('ct IT was less attrac
tin~ than G in t,,'o sl'l'ies nn(l more nttTtu,tiyl' in 011(', but always lost 
l'ppl'll('nt lllort> slowly alldlw<~ longer ,Protectioll (wriods. Sul~jects 
<r and If \\'('I'l'. not ('omp;H"l'<l rltl'(,(,th' WIth Band C, but compal'Jsons 
nut)' be made on the b:\8ifi of tl1('it, ·ratios to .\, as gi"l'll in table 11, 

Additiona I expt'l"i n1('nls hy (;oll('k and Bo\\"mn n (19·59) dl'mon
i:'tl'llied that the arllls of B: till' 1110::,t attnH'iin Slli>jl'et, gnxc off the' 
most ('arbon dioxidl' and tl1l" lC'a;.;{' wate!", thosl' of (\ the least; attrac
tive subjeet, the least carbon dioxid(' and the most: ,,'ail'l', and those of 
_\, intel"l1lediatl' qUllntit ip;;. 'Illr Hpplicatioll of 1"(>1)('llen\s to the arms 
did not a/rect thC' 1'('I('a;,;p of lI1oi;,;tuL'r, but dimrthyl phthalate, ethyl 
hexanediol. nnd d(,l't 1'('(1\I('('d thl' eal'bon dioxidl'> output 0'1' A and B, 
and deet reclu('(>{l it (In (' also, UO\Yl"'l'l', no eonclllsiYe c"id(,l1ce il1cli
caJed that thl' l'l'dudioJ1 of ('llL'boll' dioxide output resulted in tIle 
repellent action, 
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Minimum Effective Dosage 
The minimum effective dosage (:MED) of three repellents on each 

of .n ve subjects was detel'mined in two series of tests, the first with 
subjects 1;\.., B, and 0 and the second with subjects A, G, and H. The 
MED will vary with the avidity of the mosquitoes, but a series of 
te::;ts with mosquitoes of uniform avidity provides a valid comparison 
between clii[erellt repellents and dilrerent individuals. In these tests 
u. measured area of forearm 'Nas treated with various dosages of each 
repellent. The arms were exposed to mosquitoes 5 minutes after 
treatment anclat half-hour intervals thereafter until a coniirmed bite 
was received. The arms were linsed with GOO m1. of distilled alcohol 
immedittte1y after termination of the test, and the amount of repellent 
reco\'ered was determined by spectrophotometry. 

I:f no YaTiations occurred from test to test and the MED could be 
determined exactly, it would be the lowest dosage that would btuely 
prevent bites in the initial test, and consequently it would alwRys 
allow bites after 30 minutes, when some of the repellent had evapo
rated or been absorbed. Since variations do occur, the MED can be 
expected to permit bites in the initittl exposure in some tests and to 
gi\'(~ protection :titer :30 minutes in others. The results of these tests 
tll"e •.,.i \'en in table 12. 

'11'le )[ED's for eleet were rather uniform on all subjects in both 
sCl'ies of tests. Those for ethyl hexanediol "Yere always higher than 
those :for elect. They were much higher in the second series than in 
the first series (about three times as high on subject A), but were 
fairly uniform ollaH subjects in anyone series. 

'1'110 )IED's for dimethyl phthalate were much highCL" than those 
for deet or ethyl hexanediol, but wen~ fairly uniform on all subjects 
inboth series of tests except on subject q who was unable to obtain 
initial protection witll dimethyl phthalate in most tests in this series, 
e\-en though it was applied to the point of runoff. This was not due 
entirely to tbe inol"Clinate avidity of the mosquitoes. 

A comparison between the l'n~D's in these tests and the residual 
dosages at the time of biting in table 11 shows that although the 
}\JED's for dimethyl phthalate were higher than the residues in table 
11, those for the other two repellents were eqlml to the residues or 
]o\\-er, indicating that the avidity was \vithin the nOl'lllal range. 

Hair and Sebum 
Studies were made to investigate the effect of hair und sebum on 

the relatiye attractiyeness of subjects A, B, and C and on the protec
tion obtained with repellents. The left arm of each subject was 
t:lltwed smooth. The arms were examined before each test and shaved 
when necessarv to 1'e1110\'e the stubble. The amOllJlt of lIa,ir remoyed 
fl"Om the tn'ms"was as :follows: . 

AmatO/to! //(/irrcIIlOL'(lIl (m(l.) 
Pcr squure 

Subject Tolal inch 
A. __ . ~_". _____ . ·1:)3.3 G.05 

B __ .• _ _ • .. __ . . 2,j·L 5 3. 0;)

C'. . __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ 303 . .J 5. 30 

Biting rates ~tL ronnel-robin tests were taken as deseribed pl'e\-iolls]y. 
The results aT(~ shown in tahle 13. 
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The U11sha veel arms remained In the same ordet· of attractiveness as 
obset'ved previously, with subject B about three times as attl'active as 
.A and about foul' times as attractive as C. ·With the hail' removed 
the attractiveness of all subjects was about equal, indicating that Ule 
thicker hail' of subjects A and 0 gin-e more natural protect.ion than 
the hail' of subject B. 

Tests were conducted to determine the rates of evaporation and 
absorption of three repellents frotH the slut\'ecl and unshaved arms of 
the subjects. '1'he two ar111S of eaeh subject were treated with the 
:;tlme repellent ancl exposed for :2 hours itl the glass percolators. The 
results are given in table 14. 

The evaporation rates were about the same on the shaved and 
unshaved arms of each subject ·with each repellent, except with ethyl 
hexanecliol on subjects Bfmd C, where the rate 'was slightly higher 
on the lUlslmved arms. '1'he absorption rates showed greater diifer
ences than the evaporation rates between shaved nnd unshaved arms 
(up to 200 percent), but there 'was no consistent difference attributable 
to shaving. '1'he absorption rate was higher on the shaved arm of A 
with deet and lower with the other repellents, whereas the reverse 
oecuned with Band C. 

The effect of hail' on the protection time obtained 'with repellents 
and on the rate at which the repellent.s were lost from the skin was 
studied by means of paired tests 'with repellents applied to one shaved 
and one unsha ved tum of each of three subjects. The results 'are given 
in table 15. The rates of loss were genemliy equal 01' about equal on 
shaved and unshaved arms, but 'when di1ferences did occur the greater 
loss ';vas on the shaved ar111. -With dimethyl phthalate on subject C 
the difference was substantial Differences between protection periods 
on shaved aHd unshaved arms were greater but less consistent. '1'he 
JQLlgel' periods sometimes occurred 011 the shaved arms and sometimes 
on the ullslulyed. The amount of dimethyl phthalate required to 
giye protection on subject C was much higher than in most previous 
tests, but it was lower than in the tests to determine the )IED 
(table 12). 

Tests were conducted to determlne whether the sebum on the arm 
contributed to its attractivelH'ss. The ·arms of t\\'o subjects were sub
merged to the elbow in 4 liters of purified acetone for :3 minutes every 
other clay for 10 days. After the acetone was evaporated, the ex
tracted sebum and paTticleB of skin 'weTe left. The skin palticles were 
removed by filtering. All but a trace of the sebum was soluble in 
reagent-grade chloroform, an indication of the absence of any pro
teinaceolls material. The sebum recovered from subject B, who had 
the highest natural attractancy of the three subjects in previous tests, 
,\'as. 3.03 mg. per 100 sq~lare inehes of skin pel' day and that from 
subJect C, the least attractive, was 2.73 mo'. 

A series of tests \VflS run to compare tlte biting rates on the arms of 
the subjects when one flTlll WflS rinsed by submersion in acetone for 
:3 minutes to rel110Ye the sebum find 1 1111 of acetone was spread on the 
other arm to serve as a check. r1'he opposite arm of each subject WflS 

tested against each other and against each arm o:f the other subject. 
The arms were allowed to remain in the cage for only 20 seconc1s so 
that the counts would be low and the mosquitoes would not have time 
to become fully fed) but the counts were recorded in hites pel' minute. 
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~ 'rAUL1') 12.-l'ime 1'l]gUi1WZ /0'1' oonfirmed 7J-ites by Aedes aegypti 'with 1~((l'ioU8 dosages ot ;]1'epellellts and minhnwn O':l 
ejfectiIJe dosage (llfE'D) on 5 h'll1nan subjects in g test se1'ies 
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t.".l 

I 
"'3
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;'l 

7.27 o 	 30 . Ii:) o· a4 
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8. Oti UO 	 .47 75 o 
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.52 tl5 q 
(') 
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~~r12. 4a o .33 0 .50 o t':l 

la.66 o 0 .5!l 30 
14. 54 30 	 60 .65 o:~g I
18.67 o .45 ao .70 30 
22. 58 o .4G 30 .80 !Hi c-----.. .. -------------------------------J 
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T.\IH~~; 13.-Biting 1'ute of Aedes aegypti on shaull aJl(l 'Ilnshat'cd 
m'ms of S subjed8 

Bitl'S pl'r ~qlulrl' inch 
ppr minute 

Subject Ann 

Hangc 
"'~"~ ---"-----------1-------- ------1------

.Yllmber .Vumber 
Shavpc! ."... "_ "". __ O. a3-1. 10 O.7(i\" . ---- .----._------- ... ---- {('n$hll\('(I. ___ .... .03- , 25 · 15 

I, {~ha\'('d ... -.-.". , 50-.1. 2!J .77
) ~ . - _. - • - - • - - - •. - " . - • - • - - l"nslttt\'p<l __ • ______ .25- . 70 • <In 
' {::ihn. \'('d • - • " , iiO-1. "., · s:!C. -- •.•.• ".•• - •.•• - .... -.- l'nsh:l\,NI. ______ _ . 03- . 27 . .lL 

-----,--~i:-·~----- ------'-
L.;:;.D. at 

5-percPJlt [(' rd_ 

i-(ll'rcPllt 1('\'pl. • 


------_...-, 

In each test the al'll1!': wt'l't' exposed {wiee and an a\'CI'nge, count was 
taken, The, biting I'llt('S in f:ix rcplientc tcsts nre, gin>ll in table 16, 

These rcsults gi\"c somc indieation, not bol'll(' out. by subsequent 
experiments, that I.'pmo\'al of i11e spbulll by rinsing d('('l'casecl the nt
tl'activenes~ of tht' arms. Thc l'in~'(L :u'ms of Band C receivcd .less 
bites than the cheek (u'ms, bllt tllc dill'p('('I1(,(', though marked, was not 
statistically signilicltnt at the :l-pprC'pnt len'l. ..:\;.; in previous tests, 
B's check arm 1'('('l'ivp([ ;;i!!niHcnn!'h- mOl'e hitps than U's clH!ck arm, 
Howmrer, -\\'1\('11 th(' ann:;' or both subj('('ts WPI'C rinBed, part of tho 
difl'el'cnce \\'as lost. and thr bitps 1'('('('i\'('(1 on B's rinscd arm wero 
significant al; t]l('T-perCl'J1t lowl. Thpl'c was no difl'el'ence, betweell 
the rinsed al'lll of B and the chC'ck arm of C. _As ('xpccted, B's check 
ar111 received si!!n ifi.e:t11 tho mol'(, bitps tha n ("~ rin:'f'c1 arm, 

..:\not11C'r sl'dp~ of tpst; was 1'1111 to Oi>:'l'lT(' tlte cll'cct of adding tho 
C'xtracted sC'bul1l (0 tIll' l'illf't'(l armf', Exposlll.'P~ \\'(,I'e made as in tho 
preccdingsPl'i('f;. TIIP iWOHl'Il1sof P!tch slIi>jt'ct '\\'PL'C' fil'sttest('dsimul
tancollsly without tl'C'ntnlC'llt to as'''I1I'(\ that no ::;ignificll11t difl'erences 
bptwC'en the tl.l'lflS o(,C'lIl'l'pd, 1'11('n onC' 11.1'111 was ri ns('(llJy submersion 
for 3 minutps in (lC('l OIl(' , <'Il'il'd, allo\\'('(l to warm to normal tempera
ture. and tpstNl a!!ain~t the untr:patl'cl ann. The I'in;:;('(l arm was then 
rrefLtcd with sphillll from i'll(' Samp :'ld>j('ct, appliC'd nt l'1e rato at 
which it had bpPIl ('xfl'll('[pd, and l1l.!'nin tl'stl'd :tl.!'ainst the untreated 
arm, Finall,\., tlIP tl'£'atp(1 al'ln W:I~ H!!ain rinRrd in acetonc, dried, 
warme(l. tre:ltp(l with :c;ehulll from (h(> othC'r ;o;ubj(,(,t. and tested against 
the nntr£'at('(l nrtn, The rp~ldt.s :\I'('!!i \-pn in tabl(' 17, 

In this ;:;('ri('''; of {psi-". l'in:-;inl.!' t1w'aI'IlH to l'('l11o\'e the sebum did not 
decrC'asc tll<' 11l11111)('r of hill'S ;·('['('j\"('(I. find nddin!! sphum did J10G in
crcase th£' hitinl! nliC'. Tn fact, tIw nllly :-:i!,!'l1ifie:tllt difference was ft 

IO\Y(\l,('(l bitinl! I:nl(' 011 tllC' HI'Ill of slIbj£'('t C. 'Ule- Ips:-; nttl'acti\-e subjcct, 
trentc(l with '~phulIl from B. til(' IllOI'I' :It!T:ld j \'C', It: was concluded 
[hat th(\ :"P\)UIll had 1I0t ('oniribut£'(] lllHil'rialh" in the attractiveness of 
the subjp(,(:=;, l!O\\'C'\'C'l', it is pos:,ihlp that ~('hllll1 ('ontains some at
tractant ihn! wa~ ]o;-;t (Ju"ing thp Pl':lpomlion of tile ll('C'tone, 
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T~\HLE 15.-P1'oiectio'n time 'with 31'epellents on shat'ecl and 1ln~/wved 
(U']ns of 3 subjects ag(lin~t Aedes aegypti and nde of 10S8 of 1'epeZ
lents fron), (mns. (0 test8) 

DDIE'l'II\'J, I'II'l'HA[,,\'l'E 

Amount of .repdl(>Ilt P(>l' squarc inch 
____--.-___________1Protection 

S'ubjcct and arm time 

Applied " Reco\'crcd II, __L_o_st_pl.'_r_. ____! _ minute ,_ 

A: Mg. Mg. j\fin1l1esJIg. \'
8hav{'d~ ••• _ 7. 13 5.30 0.011 1m) 
C'nshn \'cd 6.91 5. SS .009 112 

H: 
6 -'J:4hn veeL _ • , , ' , • 1- ,I. 38 .015 lliO 

LTnshaved,,,,, li. ,I:! .J. 37 .013 ] 55 c: ,,;;havc(L. _",," 1.).63 10. 40 .05!) I 01 

t:nsh:wccL._ 14. U2 U.06 .033 I 175 
_____"'_"'~___~'''_,,_ __1._____'._____'I___ 

DEE'[, 

A: 
:4h:1\'('d.""
l'mshil \'('(1, 

, 1. 11 
1. 13 

0.34 
.45 

0.003 
.003 

271 
242 

ll: 
Shav('(L 
l'nsha\'('cL

c: 
:4ha\'['cl., . 
l'l\shl1\'('d, 

I. 15 I1. 12 

!2.1·1 
2.00 ! 

.41 

. lil 

1. 57 
1. 00 

.004 

.002 

.005 

.004 

210 
?,) ..__ iJ 

104, 
?' •_vO 

j 

,---,,'--... 

WI'IIYI, HEX,\:o.:EDJOL 

A: 
;::iha. \'('«. " , 

['nshill'pd 

, 
I 

, , ". r 2. 10 
2.2li 

1. 32 
1. 5li 

I 0.005 
.005 

I(I~ 

IliO 
Il: 

::-;htl\'('(L"""" , 
l'nsha\·t'(1

c: 
2. HI 
2.05 

. 76 
1. 07 

. 005 

.005 
262 
202 

i';\UlVNL" 2.00 1. 4.1 .005 110 
enshu\'pc! 1. 97 I. :H I . DOli 1:30 
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PIlo'rEC'l'IONPERIOD O~' MOSQUITO lUJPELI"EN'I'S 

T.\l\I.I~ Hi.--·Niliflg rale' of ~\NI~s a('~ypti on (WilLS ldlhollt; ,~eb!lm, 
(I'in,w'd) ((lIll /I'ilh ,~f'l)tllil «'Iud:) of;~ 8ubjl'cts 

Bil(',; per IJliJlu\c 

~lgl,"T-~~~.:~gC 
~ , ...-•._..' ...--..---

Number-"umber I
n,rimi('d 21 II,j (iii. 2 i: H. ()
n, ('/w!'k ·1'2 1i'·1 .I 07. ().i 10. !J 
(', rtns(·d (j ·105 ·1\1. 5 i ! ;~. Ii 
(', ('lIN'k I5J 7·.1 87..51:10. J 
Il, ('!w('k I U 2W 15'2. 1i.1 '20. ·1* 
(', t'/H't;k. Ii() 177 IOi'. () t Ii'. 0 
H,l'in::wd 5·1 '2li·1 1:18. {)l '2R '2** <" I'i/l,;('d (iOI'2(i 8'2.fi IH.1i 
H, l'illlil'd 60 lail \l5. () l 1.'2. () 
(~, ('lI"('k 1'2 \!IS SR 01. 2:1.·1 
B,I'hl'I'k an '2.58 l1i2. () t a·\. a* 
(" rill~l'd :1:1 ISO !)(i.:J f 21.:l 

'1'.\111,1': 17., :-fJiling 1'1l11' of .ANlt':) t\('~j'pti on oppo8i/e (lI'Ins oj ,mbjl'cls 
It und (/ H·lti'IL ow' 1lJ'ln was untreated (JJt(l the olTtcl' '(llI/,S (!) '/In
treatl·d, (~) I';/!,~('d in aeelone to 1'('lltol'(' the ,~('bllln, 01' (,J) ,/·inscd 
tlild l'c-tl't'u{('(I1l'ith SI'/Jilin from the same subject OJ' Iho otite/' 8UO
jl'('l. (8 /('818) 

HlIbj<'et B 

It:\IIj.\(' 

lTn l n 'lltNj 
,VILII/iln 

:'~3 :1:30 
,\r/(I/I/u,'r 
14a ..tali 

Xnll/b"r
'24 ·11i'2 

;\""111111'1' 
7:J t 7 

1)0._ , 4S ~:Z:2 147 ~. a:.1 IS 1:1'2 !i8J.12 
.\}n, 

Rill"l'd 
l"nln'lll('d 

:!I 
'2'7 
'2.1 

ann 
:357 
1:3'2 i 

II!) ! al 
ISOt:37 
84. 14 

• 
15·Hn 
IS- na 
1'210'2 

!i5 ± 1'2 
5'2t !) 
fi71: 1'2 

Hl'llllJll frOlI\ II 
lTlltrPllt('d 
Hl'hlllli frolll C. 

:!I 207 
:3:3- 1nti 
:!o II\S 

OO.~ '2:.1 
122 J 1~ 

/I.!,: IS 

1:2 '21 
li) 21 G 

!). 0:3 

l!) ! I*' 
70 L'2$ 
;11 ! Ii 
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EFFECTIVENESS OF REPELLENTS ON HUMAN 
AND ANIMAL SKIN 


'1'11(\ relative initial efrectin'ness of three repellents on the skin of 
humans llnd anima.Is was determined by means ot the minimum efrec
tive dosage PIED). In this experinient e1fecti \'eness was based on 
protection at the le\"e1 of fi\'c bites in a 3-minute exposure ratheL' than 
a eOlltirmed bite. The hair was clipped from the sides of n. steet: and 
.mobit im(l the belly of a pig and g-uinetl,. pig. Seyerai dosages of 
each repellent were ttpplied from it ptpette to the clipped :trellS of the 
animals and to the unshaved arms of a mtm and a 'woman, subjects .A 
and G'. The treated areas in square iuches were 16 011 the steer and 
pig, ".G On the rabbit and g-ninell pig, 63 on the man's arm, and 5-1 011 
tho woman's. '\V1thin 5 mmutes after treatment the treated a\"(~a was 
exposed to mosquitoes.

In these test::; the 7- to S-dfly-old mosquitoes were cOIlf:ined 1.11 c.)'lin
drieai wire ('ag('s 2~~ inches in diameter. There were fl'om. n to 111 
mosquitoes per cage, with an ll\'eragc of 6D. During testin", the 
co\'e[' 'Was l'l'l\)o\'p(L from one cnd of tile cng-c, and the OP(,11 en7l was 
he-h1 agaimt the tl'cated ::;kin for ;3 l1linutes,~a::; showllin figul'e 5. If 
l('s:; than Jin:l bites werc l'ecl.'in~d, exposure::; wpre made ('aell half-hour 
untiL lin) bites did occur. The rpsults arc shown .in table 18. 

The ~(E]) :for dimethyl phthalate was about the same (0.07 to 0.10 
mg. pel' square inch) on all hosts except the steer, whcre it was ahout 
double (0.17 mg.). 

Frul·H~::i. "'resting' lIl(' ('III'I·th'ClIl':;;; or :I l'p[1elll'lIt applied 1'0 n .'·Ollll!;, ]Jig'. '.I'hl' 
('yIiIHll'kal ,·a;.:,' "OllllliIlS .I('I/('.~ (lC!lUpti 1Il0"qUitOI'S. Il is "1'\'11 at lit\' 101\'1'1' 
l'IHI, ,.u that lltl' 1II0"qllitoP;; 11l\I:;t :;tnllli 1111 the trpatel! iikill to I.lit('. 

http:anima.Is
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':L'.\HLE lS.---:afinimltnlr elfcclh'('. dosage (JIED) of j l'1:'7)eZlenls on 
'l..'Clf'iollS hosts ((gainst ~\ecl('s ttegypti 

~l1<;D of l"l'jH'IIPIIt pC't' squut'\' illt'lt dit'('c\.ly 
llflc', lrNIl!l\('(ll and :30 milllltP;; Inlpl' 1 

o lIlilllll(''i :';0 rnillu[p$ 

... '-, 
J)jllH'lhyl pltLltullttt': J/y. .Ify. .llf!, JIll, .1111. 
A<~ ~. .,. O.(l7 o. on O. IIn,on o. I:?
(L _ ~ .07 · os 10 II 1:3
Hlp('I· 15 15 19 ,21 .:!5
Uuiu('1t pig · on .07 .07 10
I1nhbiL... ~ ,07 .07 II 14
Pig · on •on I:! 13 l!l 

1)('('\: 
A 15 15 Hi 17 . :!O 
(; -.. .07 , .07 .0\) · onHlt't\r_ ...... ... .2!i 3" • ·I:! · iii ....
(;UillPIl pip:. .07 f .07 .07 10
HUhbit. .07 ( .07 10 
I'i" .O(i i .Oti 10 

• II 
II

Eth{'l lll;Xllll!'diul: !A". __ 10 12 I:! 17 17
(; . 10 ! 10 la 1:3 , 10
Htppr " .... · .I~ i .50 • .1\) .50 I 
nlliJl('11 pig • OS · on 10 la 1.-

.50 

Ilubhit .• .Oli .07 · on __ _ · onPig. ~ _ .. _ 10 .20 In .:!O ' 
! 

1 BH~('d Ull jlt'ot{'('tiOll n.\ 1('\'(·1 of 5 bit(,~ ill a-lIIilllltp CXP0:-lll'!,. 

The l.fED fol' Lippi: Wtt~ about 0.07 t.o lUI\) Illg. pCl' S<jlltlrc .inch Oil 
subject U] gllinca pig, rabbit, and pig. On ;-;uhj('ct • .\. jl; was abuliC 
doublo tillS amount (0.L3 .Illg.) , nlld 011 thc stecL' it was about double 
that on subjC'ct ~\. (O,a7 mg,). 

Tho MEl) fot' pthyl hC'Xllllt'diol I'anged from 0.08 to 0,12 mg. pel' 
;-;qullre illc:h on .::;ubjce(s ~\ and U, gllllll'a pig, lllld rabbit. It: \l'as 
aboul; twice liS high on tile pig (O,:W mg.) and JOUl' tillll'S as high Oil 
tho stecl' (0.50 Illg,) , 

Tho l'esiCilltli. ('Ircd in'nc;-;;-; of tilt' l'pt)cllcllf:s on the Ylll'iollS skill SlIl'

fact's, as all'ectNl by thl'i,' IO:is by enlpomlioll :lnd aiJsol'plioll, was also 
studied. A dosagp or about O,J IlIg. P(,1' ;iqUtll'l' illl'1l 1l1)0/'(~ lIte ME!) 
was nppli('cl to ('a('11 ;ikill :illrfu('e. The )(EU :iIlOllhl gin:~ illitial pro
lcction, aLLowing bill';; at :30 millllies, and the l'xil':l (Ui IlIg. shoulll ex
lelttl the pl'(l[l'etioll period h('},oll(l ao millutl's, ])i Irel'('I1CeS in fill' 
protection Pl'I'iod w(llll(liltus be dlll' solt'iy to dill'(,l'clI(,(,,'; in II\(' rat" of 
loss or tTl\· a(lditiol1alm:tiprial tll1(l would not Il(' a Il't.,(·ted b\' (lifl'cl'ellees 
in the l'elatin' l'll'l'l'til'enl'S:i OIL tltp difrel'Pllt hosl;;. Tht: I'(';iulis :U'P 
given in table IH. 

Tho :;te('L' ]o;;t ali three re!)('llt'nf;; Jaster Ihan allY of: tl\(~ oilier hosts. 
ItS sllOwn b,v 11ll\ shol'lc'l' [ll'oi:l'dion Iillle. 'flll'n'. \rt'n' 110 eon;;istelll 
di IrN'CUC'C':; bt'! WCPll eitlwl' of IhI' It 11111:1 Il ~1Ibjl'l'ls a lid [11(' gll ill(':l pig, 
pig, aml rabbit, but :-lIbjpet _\ alw(lY:-; It:ld ::;hol'l('r p,'ofedion 1)('I:iod::;
th;ln G. • 

Undel' the ;;laIHlunliz('(l ('oll(iil ions 01' tlll':'l' tesls Ihn l'epellrnls \\'PI'P 
about equally efl\'dln' on hUlllun :'lIiljpds, gllilll'fl pig, pig, :tlld rabbit', 

http:dit'('c\.ly


34 TECHNICAL Bl1LLETIN 1285, U.S. DEPT. OF AGRICULTURE 

TABUJ IfJ.-Ejfectil'eness of 3 1'epellents on 'l:ariolls hosts against Aedes 
aegypti at dosages of 0.5 mg. pa squm'e inch aOM'e the 11lED. (4
tests) 

Inlenc\pc\ Dosage applied Pl"olpction (imp 
c\osag(' L}('r SqUi\~(, inch !_~_____Rpppllpnl and host PPl" 
squllre 

inch Hnngf' : An'rage I Hange IAvPrtlgL' 
: [-.------:------;----1---- 1--- 

Dill\pthyl phthalal(·: JJg. JJg.: JIg. I Minutes Mhllltes
A ___ •• O. 59 O. ~:2-0. ~O I O. 5{i (i0- 150 120 
G ••• " .•. _. '. ' __ ' .59 . ;)9- . (i0 j • (i0 12:2-180 152 
Sh'Pl" , .. ___ .. _, _ .. __ •.. · (i7 . (iti- . 68 I . (i7 45-110 52 
Guinea pig••• _.... : .57 .59-.60,' .59 90-90 90 
HllbbiL •.. ___ . ____ I · 59 . 63- . (i3 . li3 90-90 90 
Pi~ ........ .. _•.• ___ , , ! .60 . U3- .63 j .63 100-135! 117 

Dpc,t; 	 I
A _____ .••• _____ . , 
G. ___ ._._ ..... _____ .' 

.65 .59-. (i6 I .63 84-149 I 112 

.58 .50-. liS I .58 1li5-189 183 
St('('f. _ ._ •. · 87 . 80- . 8:2 I . 81 liO-90 8 I 
Guinptt pig' .. _ .. .57 .62-. G3 G') I :210-:21(\ 210 
H:\bbiL_ ... ___ ., .. _. __ ; .59 .57-.6:!; :g~ 175-:!05 19:2 
Pi!! _.. _ . ~ ... _.. _~ __ _ .... _"" ~ l .58 .57-.61 I .;)1 J :210-:240 223 

Ethyl hpxanNliol: I 
A. 	 _,,, __ _ .6:2j.60-.(i:2! .~111 60-120 90 

· O:! . 63,.. . 65 ! • 04 t 207-210 209~:t(.~;- .. ~ =.. ~: ~ ~ .. : _=~ _, I. 0.0 . 9.:2- . ~.)5 . 93· fiO-60: 	 60 
Guin('i\ pig. ___ ... . 9 9 9 59 ; (iO-I'_~O 90 
RnbbiL __ . __ .... _ : ~8 ; : ~8= : ~g : 59 I 1 :W-I:20 I ] 20 
Pig ... 	 .70 .69-. is .71 I 198-:240 220 

~.------.-~-

but less etl'ectiye on the steer. The lower et[ectiyeness on the steer was 
due in part to the higher MED and in piut to the greater rate of loss. 
How ,>ye 1', the higher )[ED waS itself probably required by the ob
viou::;ly greater absorpti\'ity of the skin, which also caused the more 
rapid loss. The rilpid absorption of the repellent by the skin was 
dsually evident at the time of application. 

SUMMARY 

The protection period cOllveyed by any giYell closage of repellent 
depends 011 (1) the minimum efrecti\'c dosage, or )IED, which is the 
minimum amount per unit of sudace required to protect ngainst the 
gh'cn popUlation of insects: and (2) the. rate of loss, or rate at which 
the npp] iNl dosage is depletecl to the ]e\'ol of the )IED. 

The. prineipalmodp of loss of repellents in practical use is usually 
abrasion, caused by rubbing the treated SudtlC'e of the skin against the 
clothing or other objects, and this will Y;1ry 'with the. activity of the 
};ubjeet.C·nder experimental conditions, when Joss by abrasion was 
pn'\'ented, subjects lost repellent by eYllpor:rtion anel absorption. 
Fnder uniform conditions of temperature, humidity, and air eirC'lIla
Lion, enlporation rn.teswcl'e usually about the same on difl'erent men 
llnd women, but ubsorption ralt's showed more \'ariation and probably 
account for most of the indiyidual ditl'erenees obset·\,pcl ill the total 
rates of 10SR. E\'np0l'ation rates were about twi('e ;IS high. from human 
!:'kill tlnd tlu'ee times as high from guinea pigs as IL'om cloth. Di



l'HOTEcrros PEHIOD OF ~IOSQU1'l'0 REPELLENTS 35 

methyl phthalate. Ilnd ethyl hexane.dio} eyuporated about twice ns fast 
us deet but were absorbedmorc slowly, The rate of evaporation in 
milligrams pet', square inch reJ11ainecl relatiyely constant through a 
wide. range. of dosages above a critical minimum level. 

Deterioration of t11e repellent on the skin, which has also been postu
latecl as it possil>le mode, of ]o:;s, did not. occur, and l'el)ellenis (lid not 
lose etrecti\'eIH~ss on the skin by admixture with emanations ft'om the. 
bo(ly, such as sweat and Clll'UOll dioxide, The amount of deet remain
ing Oil tIt/:, skin for 80 to 180 millutes after treatment was as eJl'ective 
as the Same amOllnt of deet freshly applied, 

In extensive te~ts with three men twd two women, 01\0 ma1e sub
ject~ subj(lct C, cOllsistently showed the. shot'test protection time, pat'
riclllady in tests with diml,thyl phthalate, This was assoeiated in 
part with n, higher MEl) for dimethyl phthalate on this suhject, but 
more frequently with a more. l'apid rute of loss, Subject C was the 
least attr:tctin.l of the subj('cts, and his ill'lllS ga\'e off t he most water 
and the, least C\n'boll dioxide, whereas subject B, the most, llttraeti\'e, 
!!an~ off the Jeast ",atcl' and the most ('arbon dioxide, The amount: 
(If hail' on tl1(' tlt'Il\S appetll'ed to be inversely ('ol'related with the uitin~ 
rate or the. mosqui!(ws Oil ulltreated anns, but it had no consistent 
elreet, 011 tho prot~·ction Jll'riods obtained with rept'\Iellts, Studies 011 
tho ell'(I(:t of: s(>bulIl \\'(>1'0 incon('lush'e, 'l'het'e were no ('onsistent ditrel'
('nees bdween the HWll and the wOlllen suujec'ts in enlporation, absorp
t ion, nttl'a('ti velless, or proteetion time, 

The ~n~D with :tnr gi\'en repellent' agaillst mosquitoc,c:; of IInifol'm 
(l\'itlity "tU'Led only slightly between fom: of the five subjects. The 
)11':1) for ethyl hextlnediol Wit:; 2 to :) times it:'; high as that for deet, 
and that 'for dirn(>thyl phtllftl:lt(·, was abollt ~o times as high, 

The l'elati\'e initial elr('clin'l1l'ss of dimethyl phthalate, deet~ and 
ethyl hexanediol. 1\:'; (\('termilled b,\' means of the :Ml~D's, 'was abollt, 
tho Silllle 011 t]w skin of hurn:t11S alld tlu,' shayed !'kin of it pig, a rahbit, 
and it gUilH'tl pig~ but on n, stl'el' the ~[ED'sw('re two to six times ns 
high !IS 011 the other hosts. The steet' also lost all three repellents 
t'as!(>r titan tile other hosts, ' 

DUr(,L'l'IlC(lS in \>I'ot('<'I'ion periods between repe1\ents appeal' to be 
dno prinei pa II)' to eli /I'('l'PIH'eS in the J[]<::D, and secomlfiriJy to d i tret'
enees in the rato of loss, where resisllAnce to loss by abrasioll wou1d be 
nn important fad'or, Difrel'ell(,(,s in protecf'ion p(·riods between incli
viduals appl.'lIl' to be due primarily te, c1ifrere)\e('s in rate of loss, prin
l'ipall,\' by absorption if los:,; by abrftsion is unifo)'ln, and to :t ]('sS(,1' 
extt'l! t to eli fl'erencesi n the )[ED. Relati \,e indi \'idu:t1 ati:l'll('tiveness 
\\'ithollt. repellent is not, app:ll'ellt1y, correlated with theindi\'idual 
~[ED, 
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