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ABSTRACT

Fout repellents were tested under differcat climatic conditions
found at Turtle Mound, Florida; Fort \Vnm\\ngl\( Alaska; .md

Colusa, California, Test 1) wtlo hylene-cart
and n-butane-hexamethy ide were found Lo pro-
tect as long us or longer than N,N-dicthyl ide, lhe

mllllm) repelient, under all test ¢ al equal conc

p fecan-1-01 was statistically no different from dect.
Mxld temperalures in Alaska compared to Florida and California
caused all repellents tested to be effective for 7.9 hours despite
heavy mosuito populations.

INTRODUCTION. {n areas where malaria, yellow fever,
dengue, encephalitis, and other mosquitv-borne diseases are

Jomic, mosyuito roy
a mobile militery foree in situations where ustl vegtor
control methods are impractical. [n view ol increasing eco-
logteal restrictions on the use of posticides and growth regu-
lators i addition to mosquitoss developing resistance to
these mensures, ag effactive porsonal repellent cun be an im-
portant part of individual protection in an overall prograin
of mosquito control,

As a part of a program 1o find 3 tonger lasting mosquile
tepellent, feld trials were conducted tn North Caroling so
repellent offlcacy fn laboratory testing could be compared
to efficacy under fleld conditions (Shimmbn et al 1974). 1t
was (el that evaluation of candldate repollents wader differ-
ont climatic conditions and agatnst different mosquito pop-
ulations would be destrable for further cuimparison to labor.
lory results. Three different arcas wore selected: the hot,
humid tropical-like summer cllmate in Flodda where Gil
best ot al (1957) have reported fleld testing, the arctle swin.
mor climate of Alaska where Gotham (1974) hay reported
heavy mosquito populations during repellent t2sis, and the
hot, drv summer climate of Calfforets whaes b gl
ed mosquito populations were found around irrigated
fields, The current paper prosonts the results of those stud.
fes.

MATERIALS  AND  METHODS.  Repellents: Repellent
compounds tosted were  cyclohoxamethylenecarbamide

s are important to the health of

(carbamide), 99% pure (Dremova and Smitnova, 1970): n-
butane-hexamethylencimine sulfonamide, 99% pure (Mashi
and Razbegaevs 1966); 3,6 9-tjoxapentadecan-1.0t (SR1-
6), 96% purc (Skinner ¢t al. 1974); N.N-disthylan-tola-
mide (deet), 95% pure (Eastman Chemicals, Practical
Grade).

Tesu Design: A Tourssite Aeld test mothod was employed
I all three tests (Shimmin et al. 1974). Adhestve-backed
foam strips about 2 em wide were wiapped tround the
wrist, uppet forearm, and mid-forearm of fest i 'eipants.
The foam steips served as boundaries und protective devices
against abrasion for the sites, Foam steips outlined 2 sites
on each forearm of every volunteer {4 siios per tndividual).
One of the four test repellents was applied in ethanol solu.
tion to each site at a constamt concentration per unlt of
skin area. The area of cach slte was determined by meosur.
ing the (orcarm clrewmference at points 3, 12, and 21 em
from the wrist. The surface area of each test site was caleu-
fated as the arcs of a frustrum of a cone: Areansx (Ry ¢+
R2) x » where s = 8 ¢m and Ry, R) aro the radii at the up-
por and lower boundaries of the sie.

The total area marked off by foam strips was covered
with tepellent solution tor that site. Repellents were sp-
plied 30 no repeliont appeared on a given elbow or wrist
(rdght ot left) site more than once in any group of four jndi.
viduals, Moreovar, all repellents were paired ut least twice
on the same forearm among 2 groups of 4, One site on cach
subject was 2 deet control. All results were analyzed using
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Table 1.

Renclient protection times against mosquitocs, Furtle Mound, Floridal.

Prote:

ion Time in Hours, Mean ¥ sy

Weather Dect Carbamide2 SRI-6 Sulfonamide3
33°C. 80-85% Ril. 7610 98+ 45+1.7 70225

0-5 mph wind

IRepellent applicd at 0.48 mycal: mosjiito activity ranged from 1200 to 2000 body landings/hour.

N0 carbamide-treated sites Taited at lermination of eial.
30ne site faibed in first exposure.

Tuble 2. Repellent protection tismes against mosquitocs, Alaska. 1.2

Pratection Time in Hours, Mean 4 s

June Weather Deet

Carbamide SRI-6
25 16-26°C, Clear, 74114 76410 72%12
85924 RH
26 22.25°C, Clear, 79407 7807 77412
9% RI
27 14-16°C, Rainy, 8O0 16 92415 72413
884%. R [
Mean (24 tatal) ROV R2413 724 0+ 123
Ratio 1o deet 1.03 093

LRepettents applicd at 040 mpfem2.

2Conzentzation of ullonamule was lower than (.40 gl n 2, heace, rosalts sic amitted,

Isigmiticant st $4% fevel (p {008},

@ puired comparison with deet. Statistical signl; e was
determined ut the 95% level (@ < 0.08) by the student’s 1
distribution and Tukey's w-procedure (Ostle 1963).

After tepellent applications, volunteers exercsed of en-
gaged in moderate physical activity as described below for
cuch seperate Jocation, Head nets and gloves were wann
whenever individuals cotered mosquitaanfosted test greus,
When ua bite was received on any trested site, re indivichast
recorded the site and the time in o natebouk. A continmed
bite, une bite lollowed by 3 second hite within one-halt
hour, was the criterion tur repellent tallure,

Mosquite populaltons were determitied by coumting the
number of masquitves kading on g single individual’s bady
in a specitied tme interval. This number was then extrupal.
ated to budy-Jundings per hour. Alternately, the number of
mosquitoes lunding on an unteeated vantral foresnn were
recorded Tor un individual who was not pacticipating tn the
repellent testtng. This number was reconded s Toresem
per hour. Mosguitoes were collected fur idealitic
tion from the same individual wh was omployed 0 popula-
tion counts,

Tuttle Mound State Purk, Florlda, wus chatacterized by
coastal brackish water and coniferous wooded arcus with
margh vegetation. Repellents were applied at s dose of G.48
mgfem 1o 4 subjects a1 0700 hus. tlilal expusure to ns-

quitoes was from F000 10 1230 hes in the test area. Particis
pants moved about e the test ieea to st up mosguitoes,
A 1330 hes the group tan for Yaninutes to mduce sweating
umd secutered the mosguto-inlested ares for | hour amd 18
munutes, Since some repellents were sult ellective, volun.
teers biiked on the heseh for 1 houe ander the hor sun, At
1545 hrs, exposure to monquitoes brgan again and contin.
ued untl teeminaton ol testing at 1645 hrs, when one -
pelient-treated site on cach individual was stdi effectively
protecied from mosquitoes, Mosquito achivity tanged Hrom
1200 10 2000 body Ladings pwee hour,

F Watnwright, Alaska test arens were typleully taiga fe-
giony in low lying wooded areas between divers und tumdsa,
Lach day repelients were apphicd at o duse of 0.40 mgfum?
1o K subjects in 2 groups of 4, Sulfonamide lad precipitated
trom solution, and the applicd dose was somewhit lower,
Exposue 1o mosquitoes hegan between 1200 and 1300 hes
after upplication at 0900 hrs. Conlinuvus heavy popula
o ol L osguitee, e vapenieaced as volunteers hitked,
Lusded stremns ad lished 1o stmulate modetate field setivi-
ty. Test areis were docuted north aml cast o 1, Waln-
wilght, Alasku, ns foltows. 25 June, N 04° S4'W (47§
ut the Little Chens River: 26 June, N 65° 10° W 145° 10/
un the fast Fork Chena River; und 27 June, N 64° 18’ W
146° 25" un the Chous River, 1F o ropeliont still afforded

[['A]
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protection from mosquitoes at the termination of testing
between 1700 and 1900 cach evening, the time of termina-
tion was recorded as the repelient protection time. During
June in Alaska, sunset occurred approximately 2300 hrs
and sunrise about 0130 hrs, although there was enough
light to read a book during the short night.

Colusa, California test arcas were located along the
banks of irrigation or drainage ditches where mosquito
aciivity was apparent. Repellents were applied at a dose of
0.40 mgfcm? to 8 subjects in 2 groups of 4 at 0900 hours.
Three replicates were run on 25, 26, and 27 September.
Mosquito exposuse was accomplished periodically during
the day when participants entered mosquito infested arcas;
however, peak biting activity was observed from 1 hour be-
fore to one hour after sunset when repelient failures occur-
red. Participants recorded numbers of bites received on
each site as well as the time. During the day volunteers en-
gaged in hiking. Locations of mosquito exposure included a
ricefield, the bank of a creck and a ditch next to the high-
way near the Colusa airport,

RESULTS. Protection times against mosquitoes afford-
ed by the candidate repellents in Florida, Alaska,and Cali-
fornia are indicated in Tables 1, 2 and 4. respectively. An.
alysis of the results from lurtle Mound (Table 1) indicated
that the site treated with carbamide protected for the durs-
tion of the trial on all four individuals. Hence, the protec
tion time is recorded as 9.8 plus,

in Alaska constant mosquito prossure was expericnced
throughout the afiernoon. Testing was terminatest between
1700 and 1900 hrs cach dzy alihough the sun had not set.
Little o1 1o sweating was observed among the participants
becguse of mild temperatures; consequently, all repellents
persisted for a significant poriod (Tuble 2). Intermittent
tight rain on the thied day apparently had litte effect on
repelient pratection. Mosquito populations are described in
Table J.

At Colusa no repollent-treated sites received two bites
during the daylight testing; hence, the fength of repellent
protection was {rom application i the morning uniit the
twodiowr period of exposure around sunset, Consequently,
all protection periads were restricted to the range 10 to 12
houts. A bettor means of comparing repellents under these
conditions 15 the use of telative protection from mosquitues
compared te deet (Shutna. ot al. 1974). The number of
bites recelved on deet-ticated sites was considored as the
baseline for protection and candidate repellents were evalu.
ated n tenns of petcentage mote pretection {or percentuge
fewer bites) thun were received on deet-treated sites (Table
4). Mosquito actlvity and populations are described in
Table 5.

DISCUSSION.  In Florida under hot, humid tropical-like
conditlons, test partiel,_anw cacreised sufficiently 1o induce
profuse sweating. Undor these test conditlons agalnst a
licavy popuiation of Aedes taeniorhynchus, catbamide was
superior 1o deel (Table 1), while SRI:6 was somewhat less
offective and sulf ide was approx ly equal to deet.
This finding fs in sgreement with two laboratory observa.
tlons, Higher temperatures favor low volatility repelients

Table 3. Mosquito populations for Alaska field trials.

Specics Collected From Whole Body
June 2§ June 26 Sunc 27

Aedes communis 30 30 19
Aedes nigripes - 3 -
Aedes cincreus - 1 1
Acdes excrucians - - 3
Aedes pienips - - 1
Ophyra leucostoma) - 1 -
Leproconops sp.t - - ]
Mosquito Activity

{Bady landings/hr) 980 1200 2400

W ollected with mosyuitoes.

Table 4. *»rcent repellont protection, Coluza, Calif 1.

Percent Protection from Biting Compared to Dect

Septl. Weather Deet 2 Carbamide  SRI-6 Sulfonamide
2 2°C, 529 R0 0 100 38 7
58 mph wind
% MCS0%RH 0 3 s )
1.5 mph wind
1w mRE o 63 1d 57
o wind

Repellents applied a1 0,40 mg/on 10 8 subjects, teshing took
place 10 hours after application in the perlod vne hour before 1o
one howr aflee wnsed; bites on each site were ecorded.

A0ean number of bites received on thy deet-tress od site Fos euh
individual was 1.3, .1, and 2.1 buewfsite for 25, 26, and 27 Septem:
bet, respectively.

IS tatistically diffcront from deet ¢p $0.08),

Table 5. Mosguito populations for California Qeld
tefals. |
R S SR e W T, RS oA ATt e
Collected from Collected from
lrofcatse Whole Bady

Seplember 2 2 72 26 2
Aeder dursalis PERNY . i v N
Acides vexans 1 6 . ] 4 ?
Anophicles freeborni 2 | 1 i 2
Culex tarsalix i 1 ! 2 4

Musquite setivity? 116 144 12 68 108 N

like carbamide, sulfonamide, and SRI-6 by raising their
evaporation rate and increasing the of repell

vapor (Gabel et al. 1976). in addition 1o the temperatuce
slress, heavy sweating also introd

a waler 8

104

IMosguitoes collected In 18 mia, from sites indicated,

Landingyuir, & difforent control was used on forearm colles
tionis of 27 Sept: all whole body colloctions were ftom the same
Individual,
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stress. Resistance to water is greater for carbamide than for
deet (T. Spencer, unpublished results), whereas SRI-6 has
somewhat less wash resistance than deet (A. Khan, unpub-
lished resuits). Hence, one might expect carbamide to per-
sist longer and SRI-6 shorter than dect under a sweating
stress (Table 1).

In Alaska the mosquito populations were boreal species,
principally Aedes communis (Table 3). Despite heavy mos-
quito activity, deet, carbamide and SRI-6 all afforded pro-
tection from mosquitoes for more than 7 hours. Sulfon-
amide results in this test are not comparable because the re-
pellent had precipitated from the application soluuon and
the applied dose was much less than 0.40 mg/em2. When
testing was terminated cach afternoon, some sites treated
with carbamide, deet, and SRI-6 were still protected; there-
fore, the protection times are underestimated in the Alaska
trials (Table 2). Although repellents were applied at 15%
lower concentrations in Alaska than in Florida, both deet
and SRI-6 cxhibited an increased protection period in
Alaska compared to Florida. This is atiributed to cooler
temperatures and the ab of a sweating stress on the
treated sites in Alaska; hence, climatic conditions might in-
fluence repellent efficacy in the tield.

In California the mosquito population was princivally |
dorsaiis and 1. vexans (Table 8). One species, Culex tarsalis,

_is a known vector of encephalitis, while another species,
Anopheles freeborni, is a potential malaria-vector, Although
mosquito activity was somewhat lower than in Florida or
Alaska (Table 4), the presence of these potential vectors
was significant. Relative repelient efficacy in these tests was
reported in torms of percont protection from mosquito
bltes compared to deet for the period one hour befure until
one hour after sunset. Warm, dry weather over the three
days of testing (Table 4) lntroduced a high temporature fac-
tor more favorable to the low volatllity repellents: more.

In these field trials where abrasion is net a major factor,
carbamide provided as much or slightly more protection
time from mosquitoes than deet under all three climatic
conditions. SR1-6 afforded comparable protection to deet
under conditions which did not include heavy sweating
stress, Finally, sulfonamide was as effective as deet in
Florida and California.
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