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A REVIEW OF ULTRALOW-VOLUME AERIAL SPRAYS
OF INSECTICIDE FOR MOSQUITO CONTROL’

GARY MOUNT.2 TCRRY L. DANEL G. HAILE2

ABSTRACT. This review of research ullralow-volumc (ULV) aeiial lor mo.s(.|L[ito is

componeiil of Aciial SI*ia\ EXperI syhlem (ASPKX). Topics include application \olume, adulticiding. laiv-

icidiny, droplet size, and meteorology. Tlic the efficacy UI.V sprays against many
important pest and species mosquitoes wide range o) locations habitats in the USA and

of Asia, Al’rica, Nine conclusions fiom this review. 1) LI.V
applications effective for mosquito highly-diluted, spiays. 2)
.sprayed pei ahcrafl load with ihc ULV method than with dilute sprays. 3) High-altitude ULV using

slacked swaths could be used emergencies if wind speed and direction data appropriate alliiudes

available accurately place the spray. 4) Successful adult mosquito contiol be aehie\ed in dense foliage
open housing with ULV aerial prays, doses of inseclicidu increased. 5) ULV aerial application

ot mosquito laivicides be successfully in large 6) optimum droplet tor adult mosquito
5-25 volume media diameter (VMD). 7) mosquito adukidding, optimum atomization

ol ULV spia^s i.s achieved with Ha -fan nozplcs oriented straight down slightly forward for high-speed aircraft

(^’l^O nipti) rotary atomisers .slow-speed ahcraft (’’-150 inpli). 8) Optimum atomi/alion minimizes paint
spottiiii’. t)) adult iiilo conlrol achieved just alter just before

mpli

INTRODUCTION

The earliest experiments with undiluted formu-
lations of liquid insecticide for insecl control

reporled by Mes.sen^er (1963. 1964). Skoog al.

(1965). and Wilson al. (1965). The application
concept subsequently adapted lor mosquito
control by many investigators. After several years
of research and development, the "ultralow
volume" ’ULV" commonly used de-

scribe the application ol’ undiluted insecticide for-
mulations. In practice, the ULV method involves
the application of the minimum eITectivc volume of

undiluted formulation of insecticide (as receded
from the manufacturer). With the ULV method, the

application volume is dependent the intrinsic

toxicity of insecticide llie target species and

its concentration in liquid formulation. In
where the applicator mi^es the insecticide formu-
lation with limited quantities of solvent carrier

for various the application would be
sidered low-volume because the minimum vol-

applied. During the early development
of the ULV method, applications of technical
undiluted insecticide and moderately diluted for-
mulations referred low-volume. Por
venience and simplicity in this review, low-volume
and uliralow-volume applications will be referred

ULV.
After development, the ULV aerial spray method

of insecticide application for adult mosquito control

aitiele reports llie of icsearch only. Men-
of proprietary product conslilule

dorsement [ecommendaiion lor its by L’SDA.
Medical Vcteiinaiv Entoiiio]og\ Labo-

ratory. USDA-ARS, Gainehville. 32604.
Aerial Spia> Branch, L’.S. Air Force Reserve, Vienna,

OH 4447?.

quickly adopted in the USA. ULV has been the

worldwide standard aerial spray method of

quito adulticiding for than 25 years because
of inherent advantages high-volume
oil-based sprays. These advantages include in-
creased effective payload, rapid and timely
application, elimination of the (brmulation process,
less handling of insecticide, reduced pumping
quirement. and reduced application

This review is component of Aerial SPray
EXpcrt system (ASPEX) funded by the DoD Leg-
acy Resource Management Program. It includes

references published from 1963 1995 and

published technical reports operational L’l.V
rial sprays. ASPEX developed joint project
by the USDA-ARS Medical and Veterinary Ento-
mology Research Laboratory and the Aerial Spray
Brand), U.S. Air Force Reserve for training and

operational This expert system also has poten-
tial for global mosquito control programs.
Previous reviews of the ULV application method
for mosquito control made by Lofgren (1970,
1972, 1974) and Lofgren and Mount (1975). In
general, this review is presented in chronological
order within topical Major topics include ap-
plication volume, adulticiding. larviciding, droplet
size, and meteorology. In several studies, per-
formed probit analysis efficacy data estimate

of insecticide needed for W/i mosquito
trol. Conclusions and summary tables based the

review provided.

RELATIONSIHP HET\\ KEN
APPLICATION VOLUME

AND EFFICACY

Despite the rapid and widespread acceptance of
the ULV method and demonstrating
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iis efticacy, onl> studies comparing mosquito kills
with ULV and water-based aerial sprays
ported. Direct comparison of the effects of naled
applied ULV (1.6-6.4 tl. oz./acre) water-based
aerial sprays (96 fl. O7../acre) against adult salt-
marsh mosquitoes, predomiiianily A.edes taeniu-

rhynchns (Wied.), infesting 10-50-acre citrus
groves made by Mount and Lofgren (1967).
Their results showed that ULV and dilute sprays of
nalcd about equal in effectiveness (0.13 and

0.11 Ib. active ingredient lAlJ/acre, respectively, for
90% control estimated by profit analysis). Fur-
thermore, Mount and Lofgen (1967) showed that
ULV sprays of fenthion less effective than
dilute sprays 6 posttreatment hut the applica-
tion methods about equal 24 posttreat-

(0.23 and 0.19 Ib. Al/acre, respectively, for
90% control estimated by probit analysis). A
second comparison of ULV (3.2 fl. O7../acre of Ib.

AI/gal formulation) and water-based (64 11. o/../

acre) sprays equal doses (0.05 Ib. Al/acre) of
propoxur (Baygon^) reported by Knapp and
Rogers (1968). Their results showed difference

against Ac. sollicitans (Walker) populations in Ken-
tucky with 92 and 88% reductions 1.5-24
h posttreatment for ULV and water-based sprays.
respectively.

Wilh aerosols applied by ground equipment.
Mouni al. (1968) showed thai ULV applications
of malaihion and naled (0.2-0.5 fl. oz./acre)
equal better than higher-volume applications
(14 11. O7../acre) of ihe doses of these insec-
ticides against adult salt-marsh mosquitoes (Aedes
sp.). Also, Hustcd al. (1975) reported differ-

in the percentage kill of adult Cidex pipiens
Linn. mosquitoes with 6-lbld range in the volume
of chlorpyrifos formulations applied equivalent
doses ground aerosols.

EFFICACY AGAINST
MOSQUITO ADULTS

Eflicacy research ULV aerial sprays for adult
mosquito control is divided into small-scale, large-
scale, and high-altitude Small-scale
normal altitudes (:s200 ft.) done in relatively
small plots (<1 mi.2). The target for large-
scale normal altitudes from 4
than 700 mi.-’ High-altitude (>200 ft.)
done explore the feasibility of wide-swath

stacked-swath applications and by necessity,
conducted large Also. seveial of
ULV aerial spravs for control of midges
ered here.

Small-scale Most of the early trials with

ULV aerial sprays against adult mosquitoes
done relatively small scale (<1 mi.2) compared

subsequent large-scale testing and opera-
tional applications. The primary purpose of the
small-scale demonstrate the efficacy of

ULV aerial sprays of various insecticides against
different mosquito species in variety of locations
and habitats. Basic information for small-scale
against adult mosquitoes is summarized in Table I.
With few exceptions, small-scale done
with small, single-engine, fixed-wing aircraft

equipped with high-volume spra> systems modified
allow ULV applications with experimental

ULV systems. Most applications made with
low capacity, flat-fan nozzles, although trials

made with various types of rotary atomizers.

Obviously, smaller-capacity liquid pumps and
transfer pipes required for ULV How
compared water-based spray Furthermore,

of these made against natural pop-
ulations of mosquitoes, though done
with caged mosquitoes indicated in Table 1.
Crosswind swaths varied from 75 200 fl. with
release altitudes of 50-175 ft.
The results in Table indicate satisfactory

trol (89-100%) of various mosquito species with
the following (fl. oz./acrc) of undiluted insec-
ticide: 91-95% malathion, 3.2-8; 50% cmulsiriable

(nC) malathion, 13.6; 85% naled, 0.8-
1.1: Ib. AI/gal fenthion, 0.75-1.8; 93% fenthion.
0.45; 4 Ib. AI/gal propoxur, 1.5-1.6. However,
shown in Table indicate thai higher of tech-
nical malaihion (6-8 11. o/../acre) and Ib. AI/gal
lenihion (4 fl. oz./acre) required for satisfac-

tory mosquito control in dense jungle canopy and

open houses that offered protection of adult
mosquitoes from the spray droplets. Also, formu-
lations ol permethrin diluted in oil provided 81-
92% control of Ciilex and Anopheles sp. with
of 0.6-0.9 fi. Al/acre and total application vol-

ol’40-60 tl. oz./acre (Groves al. 1994). In
oilier small-scale Pailerson al. (1966) ob-
tained complete control of midges along Florida

lake shores with tl. oz./acre of 95% malathion.

Large-scale, normal-cdtitude Although
small-scale identified effective of insec-
ticide for adult mosquitoes, large-scale
required tlie full potential of ULV aerial

sprays and establish minimum effective insecticide

for operational and emergency mosquito
trol programs. Large-scale target
date the horizontal transport of small spray droplets
and tend negate short-term mosquito reinfesta-

tion from adjacent untreated A summary of
large-scale, normal-altitude is presented in Ta-
ble 2. In all but of the large-scale tests, insecticide

dispersed with large, niulliengine, fixed-wing
aircraft equipped with flat-fan hollow-cone
zles oriented straight down down and 45 for-
ward the airsiream. Ribeiro (1973) and Uribc
al. (1980) used small, single-engine, lixed-wing air-
craft equipped willi rotary atomizers and Bourg
al. (1978) used .small, single-engine, fixed-wing
aircraft with flat-fan nozzles oriented down and 45
forward the airstream.
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With 91.5-95% technical mahuhion. of
2.6-4 fl. oz./acre produced 90-98% control of Ae-
des, Aiwpbelt’s. Cuie.v, and P’sorophom sp. in 11 of
13 studies and operational applications (nee data
and references in Table 2). Also. results from 2
in open wooded habitat demonstrated that 1.5 fl.
oz./acre of 95% malathion provided only 57--62%
control (Mount al. 1970a, Meisch and Mount
1978). For control of Ac. uey,\f>ii (Linn.) urban

wilh open houses. 6-9.3 11. oz./acre of 95%
malathion required lor 89-99’A control (Lol-
gren al. 1970b. Uribe al. 1980). In dense veg-
etation, bliason a). (1975) and Taylor al.

(1975) obtained ^-^Wi reduction of Anopheles al-
himanux Wiecl. populations with 6 sequential ap-
plications 95% inalathion. all applied 4.5 fl.
oz./acre except for initial spray 6 fl. oz./acre.

In another Mount al. (1970d) obtained only
33% control of An. alhimiinus populations in the

target with b fl. oz./acre oj’ 95% malalhion:

however. 99% control observed in 0-

0.5 mi. downwind of the target indicating
cessive hori’/ontal transport of the spray.

Satisfactory levels of control (88-99%) ob-
tained in 9 o!’ 10 studies 0.5-1 fl. oz./acie ofi^.
naled applied for control of At’th-s. Anopheles, Cu-
le.\, and Psowphora sp. in large-scale and op-
erational applications (sue data and references in
Table 2). In Bourg al. (1978) obtained

only 71% contiol of Ac. holliciKins with fl. ox./

of 85% naled. appaiently because of mosquito
reinfeslaiion of the mi.2 target In opera-
tional program, Biery (1987: footnote 7, Table 2)
observed 68-99% kill of caged Ac. ar^pti exposed

sprays of 11. o/,./acre of 85% naled with the
level of kill dependent weather conditions.
The effectiveness of ULV aerial application of

95% feniirothion 6.1 fl. oz./acre against adult Cv.
Tnrucniofhvnchn.v Giles shown by Self al.
(1973). The target (6.25 ini.^) consisted of rice
fields, small villages, and occasional marshes with

reeds. Based animal bait and animal shelter col-

lections, feniirothion provided average of 71--
lil1^ reduction in the population of adull female

mosquitoes.
I-fiS -allilHife The Feasibility of dispersing

UI-V insecticides from wide swaths
high altitude (>200 fl.) from multiple swaths

the night path iiicieasingly higher al-
titudes (stacked swaths) explored by various

investigators. These application methods utilise the

range in horizontal transport potential of the ULV
aerial spray dropler spectrum. One advantage for
both methods is incieased swath width. A second
advantage for the slacked swath method is that

urban be treated without actually flying
spray aircraft the target Twin-engine.
fixed-whig aircraft used in all high-altitude

except reported by Akesson al. (1969).

All insecticides alomi/ed with flat-fan hol-
low-cone no/./les oriented straight down down
and 45" forward tlie airsn-eam. Basic data and
references foi 6 high-altitude dispersal of
ULV aerial sprays presented in Table 3.

In Calit’oinia (not shown in Table 3),
chlorpyrifos (Dursban’1-’) dispersed high al-

titudes in stacked swaths Bakersville and naled
(Dibrom1’- 14) simil.u-ly dispersed Colusa
(Akesson al. 1969). Based insecticide depos-
its. botli revealed that droplets air

ported 4,000-14.000 I’l. downwind from release
500-2.000 i’l. ol’ altitude. These investigators ob-
served that dioplet decreased with increased
downwind distance and that droplets <5() di-

apparently did fall because airborne

droplets "f 10-30 p.m diameter collected with
cascade impactors distances downwind
ol- the flight path.

In high-altitude, wide-swath Machado al.
(1969b) applied 859<- naled from altitude of

1.000 It. 2 large of land (1 1- 12.5 mi.-) in
Louisiana foi control of Ac. sotliciKin’i populations
(Table 3). Naled applied 0.5-1 fl. o/../acre in

1.000-fl. swaths speed of approximutely 150
inph. The aircraft and spray system described

by Machado al. (19A9a). For the first

because the investigators concerned about
cessive Iiori/.onlal transport, the noz?,les ori-

ented in trailing position tlie slipstream min-
imize shearing action, thus maximi/iii^ droplet
size. in these 59-86(:f control achieved.
depending the of’ vegetation in the

ed In tlie fourth (1 fi. oz./acre). the in-

vestigators decided take advantage or the poten-

tial horizontal transport of spray droplets and ori-

enied the noz/Jcs down and 45" forward in relation

Ihe slipstream. Also. the dispersal altitude
reduced 500 fl. because of surface winds of K-
10 inph. In the fourth 94% control
achieved in urban and 76% control

achieved in densely wooded with heavy
derbrush.

High-altitude nighttime ULV applications of
0.55-0.8 fl. o/./acrc of 85% naled tor control of
adult mosquitoes tested in Florida by lay lor
and Rathburn (1970) (Table 3). Pre- and p’oslireai-

light irap collections in the target indi-

cated 14-100% control of Ac/A-.v, Cuti’x. and /-’./-

rophora sp. Also, caged mosquito kills and deposits
cards indicated that the naled spray (.Irifted 0.5-

mi. downwind from the upwind edge of the target
when surface wind velocities <2 mph.

Mount al. (1970a) investigated high-altitude.
wide-swath applications of 95% malalhion
20 mi.2 target in Florida (Table 3). Maximum
kills of caged Ac. twriiorhynchu.’; mosquitoes
curred 0.5-3 mi. downwind 150 ft. of spray al-
titude and 1-5 mi. downwind 500- and 1,000-tt.
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Table L’l.V acrul .spmy.s of

Species

A(Y/<’A .M/HlL-Hnns (W;nkcr)

tcu’ni(>rh\>icliit.’i (Wied.)

Glyptosendipfh puriffi",
Edw;nd.s (midge.s)

Anvphflcfi albinuinu.\ Wied.
An. rrniitnn!cirii\ (N’eiva Pinto)

laeniurhynchu’i
C’M/C.I nigripulpu Theobald
Ac. (tenypli (Linn.)

qiiiiufm-fasciutus Say

.’.mif^wi (Thcob.ild)

Mafailiion. ^O’;. EC

fic’ffypli. nfricaiius
Nevcu-I.cmairu. At-.
lultwephulu.’. (Nc\vsleKd)

Nalcd

l(ifiii(iih\nclws

Ac. .w!lifitcin.\

Iwniwhynchu.’’

Fcnthioii

Ac. .wllifimii.v

At: Uu’niorhvncltu’i

silimlw, (W;ilkcr)

An, albiDiunus,
liicifiriui<ifufi

.juiiK/m’/tz.yc-idlu
.Mtinitid/is

Ac. Af>i!icilcii7.\

Fenttiion. W-.’r, (Bavtcx")
Cx. c/niiu/uc’/ti.uititn.’’

sttinnlcw

^tiHu-truri^

(.’.v, (fit in<jucfiiS(’iciiti.\
An. qu(tdiim(icul(uu\ Say

insecticides ai

ProjXtxur.

n) cilged

lilllde^ of SL200 It. ayain.sl ildLiil niosquiiye.s .sm.ill
(< in..’).

I-Oc.ltiOTI

Malalllioil, VS’l

Kentucky

Hlorida

Horiila
Florida
Panarna
Panama
Hoiida
Horida
’I’hililand
hailaild

Tliailand
Tliailand

F.thiopia
Ethiopia

Niycria

.85^ (14 Ib. AI/yaI)
rionda
Kentuck;
Kenluck^

Ib. Al/iial (BaMex^)
Kcntuc.c.y
KcTituckv
Florida

Michigan
Michigan
Panama
Panania
Paniiniii
Floiida
Mien

Michigan
Kentucky

Horida

ID, Al/g;il (llaygon^)

Michiaan
Micliigan
Kenlucky

pipe-roily] butoxidt:’

Louisiana
Arkans;!?.

(c)

applied

IIahit:it

0[)cn wooded

Citrus yioves

Lake ^horu
Lake shore
Dense jungle
Dense jungle
Open ucoded
Open wooded
Open hou.se.s
Open houses
Open
Open houses
1-al.se
F.ilse

Open houses

Cilrus yioves

Open wooded
Open wooded

Open wooded
Open wooded
Citrus groves

Wooded
Wooded
Dense jurisIe
Den.se jungle
Dense jungle
Open field
Wooded
Wooded
Open wooded

Opeii lield

Wooded
Wooded
Open wooded

Open field
Open neld

.M/acrc, i\;-4X-cu\dy

spray allitucles. With 3.000 ft, of spray altilude. lit- Hides of 150. 500, 1.000. and 3.000 ft.. respective-
lie mosquilo kill occurred wilhin mi. down- ly) in series of 11
wind. In genera], wind velocity incre.-iked wilh each Monnl ai. (1970d) usecl knowledge plinetl
increase in allitude (5, 10. 12, and 15 inph alii- from the Florida and rehiills from previous
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Table Extended.

Volume
(11. o/./acie) Percentage conlrol Reluicncufs)

3.8

5.1
(1967); Mourn al. (1’)701). 1970c.

2.0
4.0
3.0
8.0
3.2
3.2
30
h.O
3.0
(1.0

6.0
20.2

Malalhion 50% EC

13.6

90’

90’

100
100
62
90
54- 97
16.87
64
100
64
99

89
93-100

99

\hil;illiion, W,

Knapp 0965l, Knapp and
Knapp Giiylc (1<)67)

al. (1965. 1966); Mount

Panel-son al. (1966)
Piltlcrson al. (1966)
Lofgl(;i (1968)
I.ofisrci (1968)
RalllDn al. (1969)
Ralhhu al. (1969)
Kilpalrcklit al. (19701))
Kilpalrckcl al. (19701))
Kllpalrck al. (19701)1
Kilpanickcl al. (19701))
Blocks (1970)
Brooks (1970)

Kiilltlhcn (1980)

Lolgren

(196ft),

97()1’. 1<)71)

Nalcd, 85’,;. (14 Ib. AI/gal)

1.1 9(1’ Glanccy al. (1966), Moilnl Lofgrcn (1967)
0.8 90’ Knapp’aiKl (iayle (1967), Knapp and Rogcis (1968)
1.0 Kallihm-ll al. (1969)

Ecnillion. Ib. Al/sal (liaMcx*)

0.8 93 Knapp (1966)
10<) Knapp (1966)

1.8 W Glanccv (1966); Mouni Lolgren (1967);
Mouni (197()b 1970c. 19701’. r971)

0.75 93 Sic’cns and Siroiul (1966)
1.5 96 Sicicns ami Snoud (1966)

62 Lolgren al. (1968)
4.0 90 Lulgren al. (1968)
4.S 95 Lolgicn al. (1968)
0.45 90’c al. (19701))

100 Slovens and Struucl (1967)
2.4 UK) Slovens anil Siroud (1967)
1.5 90-n Knapp and Gailc (1967)

rcnillion. 93^ (Baylc!t’’)

0.45 90’c Mouill al. (19701)1

1’ropoxiiT. 4 II). AI/gal (Bayaon")
100 Stciens Siroud (1967)
100 SiTOlid (1967)

1.5 90’n Knapp Gayle (1967)

Pe-i-melllrin piperonyl binotkle’

60 87 Groves al. (1994)

40-45 81-92 Giovcs (1994)

work (Lofgrcn ill. 19A8) investigate tile proc- the aliiludc of the lowest vvitKl surlace

licalily ol hiyh-;i!titiKle. witlc-swath sprays ol’ mill- conditions calm during all spray applications.
alhion and lenlhion for control ol’ anophelinc In the target control ot" the natural population
quiro populations in Panama (’table 3). Spray alii- with 6 o/./acre ol’ 95% malathion averaged 87’/’C

ludes based the desired swarh interval and 24 posltreatment while 14 h kill ot adult t’einale
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Table 2. ULV ;n;iial spiays ol insc

Speeie.s

(.’ulcx cjiiittt/m’fn’.ciaiuv
At-dc’s sp.
CY Kii^utif. Coquiliell. Af.

(Mei^cn),
ivniticuli.’i (Ludlow),

P.Wiophoru .i’mnipi’tWif,
(Coquilleit)

At: KK’niorli\ncfi

/lc. acKypli

Alwplu’lfs (ilhifiiwiii.v

Ac. .\ol!tciicuiv.
P\oroplwr(t sp.

<u-s\l>lt
(ilhiniiiiw.v

(lor.whs (Mciyen).
melunimoit Dyar

/\v. colunihtiu- (Dyar and Knah),
iftuidnmuculuiuh

avgvpti

{(icimirliMH-hus

C.I. liirsctii-;

.^f^lifiliins, Psorophora .sp.

.wllu-iiws
Cv. \itlinarius CoijiiiJIeU
Ps. wliinibitie.
(fuudnmaculusus

hynchus

Culicoificv up.
(biting midges)

su’Kypli

Psorophora S]?..
.wllK-irun.’,, Ac. aitaiuicu

Dyar Kn;ih.
Dyar and Kn;]b. Anopheles sp.

A<’. tuciiifitfi)

Heninoiliion. 95% I’Accoihion0)

<".i. iritaenuirhynclw1. Gilc.s

populaiion

Higlicr

(lil.V) IfnpiiNi.slicd Rupon.

Uicr>. ’.pi’a\
Bicry,

Ri;pi>H

Unpuhlislied Rvp

:clici(le.’~ alliludes of ^=200 ft. a^aiii.sl adull mnsq
(>1 mi^.

Localion Hahiliil

Millathion,

Te’sas Urb;in wooded
Alii.ska Open woudcd
^ex;l.s Uihan wooded

FJorid.1 Open uoodud
Florida Open wooded
FJoiida Open wooded
1-londa Open wooded
Thailand Open houses
Thailand Open houses
Panaiim Den.sc jungle
Texa.s LTihan wooded

Angoln Lirhan wooded
Haiti Sugaicifne, Iianana

Wyoming Pastiiri;

Arkansas Uihiin. ficldi

Arkan.sa.s Ij"rb;in. lici.’ ncld.s
Colombia Ope!i houses
Colombia Open house.s
Plorida Open field

Malathion. 91 y’c,

Minnesota Open noodud

Naled. S5% (14 Ih. Al/gaJ)

Texas Uiban wooded
Louitiana Urhan wooded
Louisiana Uihari
Arkansas L’rhan, rice lields

Florida Open rield
Florida Open field
Hoi-ida OpeTi field
South Carolina Sail-marsh

Pueno L’lhan
Florida Open licid
South Caiotina Open wooded

Horida Open wooded

Kore.i Rice liclds. villages

(c). tisunlly

Inryci
(MA.SS)

l.’iipuNi.shed Kcpon.
"iiphliiii

di.-[i;iue Unpublished Rupon.

uitoc.-; in large largcl

Aircrnll

C-123
C-123
C-123

C-47
C--47
C-47
C-47
C-47
C-47
C-47

C-123. C-47

Piper Pawnee
Beeencrall D-iS

Beeelicral’t C-45

Becclicrafc 18
Bceclicrafl IS
Ccssnil 188
Cessna
C-1311

C-123

C-123. C-47
Grumtn.in Ay-Cat
GriliTlinan Ag-Cat
DC-3

C-123
C-123
C-123
C-123

C-130
C-130
C- 30

C-130

C-4()

.i[)p]ii.-;!t]0ii
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Table [ixtcndcd.

(fl.)

Malartnon. 95’;"

500
500
500

2.112
1,05(>
500

500
500

l.05(

1.000

UnliMcd
WO

300

350
350
165
165

l.OOd- 3,000

Malaillion. 91.5%

2,00(1

1,000
328
328
350

2,112
2.112
2.112
1,000

i.OOO
1.000 -3.000
1.250-2,500

2.500

hcnilrothion. 95’,c (Accothion11)

500

(mi.2)

742
24
25

25
25

4.684

31

6-7

16
Id
’-2
--2

820

1)16

16

---12

277

1,337

436

--6

(11. o^./acie)

3.0
3.0
.i.O

1.5
3.0
3.0
VO

6.0
6.0
2.6

6.8
4.5-6.0

4.0

1.5
3.0
39
9.3
.3.0

3.0

Nalcd. 85’t

0.75
1.0
1.0
1.0

0.25"
0.25
0.75

1.0
0.75
0.5

0

yc
control’

--90
96
64

62
96
59-97
97
82

33-
94-98

84-96

86-91

57
97
58-75
89-94

--90

94li

(14 Ib. AI/gal)

94-98

88
92

82
83
93

68-99
:-90c
90-95

93-99

71-81

Refcrcnce(s)

Kilpau-ick and Adam^ (1967)
al. (1969)

Milclicll ill. (1969. 1970)

(1970.1;
Mouill al. (1970a)
Ulancc\ clal. (1970)
Glanccyel (1970)
l-olijrcn al. (1970a)
l.olgrencl al. (197()h)

(1970d)
Pinkovsky (1972)

Ribdlo(1973)
Eliason a]. (1975),
Taylor al. (1975)

l-’orcum (1976)

Mciscll Mouill (1978)
Meiidi and Moillll (1978)
l.’ribcel (1980)
Ulibcel (1980)
Hailc Klinc (1989)’

Hiciy (1983)’

Pinkovkhy(1972)
Dourgcl al. (1978)
Hourgci (1978)
MeikClland Moiinl (1978)

Hailed (1982b)
Hailcclal. (1982b)
Hailc al. (1982b)
Hailc (1984)

(1987)’
Ilailcand Klinc (1989)’
liiery (1989)-

Hiery (1993)"

Sclfcl (1973)

An. (dhimanus averaged 100 <ind 87%’ in

cugcs placed road shoulder and under jungle
canopy, respectively. Also, mosquito control

achieved ’Aith malaihion for downv-ind

of the large! wilh 16% control of the natural

population 24 postircalincnl \\el1 100 and

52’/r kiH of caged inosquiiocs along road and

jungle canopy. Wilh 1.2 fl. ox./acre of Ib.

Al/gal tenthion. control of the natural population in

the target averageu 51% while kill of caged
mosquitoes road and under jungle canopy
averaged 92 and SWi respectively. Fenthion pro-
vided mosquito control downwind for mi. ol’ the

target with 61% reduction of the natural pop-
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Table 3. ULV ipiays of insecticides altitudes of ’-’-200 a^am.st mosquitoes in large target
(>1 mi.-1).

Spedc-s

Arch’.-, !ciciwli\m-{iu.f

Anophfk’s ulbinianus

Naled. 85% (14 Ib. Al/yal)
wiic.’iiwis

Psorophtini c’flunihuu’
Culex nigr’tptilpu’:
P^. ci/itiKi (1-abr.)

infirniiitn.\ Dyai and Knab
\f1. lci<’niorli\>ichu.\

(fiicuSi itnaculii
Ps. folnnihific’

Femhion. H>. AI/gat (Baylex^)
(tlhiniiwu.\

heruhion, 93^. (Baylcx^)
An. (ilhimnrmx, indiwutuius

inipulanon

Malatlnon. 95%
Florid;) Opi;n wooded
Florida Open wooded
Florida Open wooded
Florida Open wooded
Panama Dense jungle

Louisiana Urban wooded
’Florida Urban worded
Florida L’rban wooded
FIoiida Urb.in wooded
Florida Urban wuodcd
FIoriiLi Open wooded
Florida Open wooded

Naled. W%
Arkansa.s Uiban. rice
Arkansas Urban, lice

Dense jungle
Panama Dense jungle

Dcnsu junyle

cagcj mnitjiiitoes (<).
iranspoitcij beyoiKl

naphitia (1:5)
largei

C-47
C-47
C-47
C-47
C-47

DC--3
C-47
C-47
C-47
C-47
C- 23
C-J23

Piper A^lec
Piper Aztcc

C-47
C-47

C-I23

ulalion plus 91 and o2% kill of caged adiili
quitocs road and under jungle canopy, respec-
tively.

Lolgi-en al. (1972) follow’ed up the previous
ULV aeriiil spray studies in Panama (Lorgren a\.
1968, Mount al. 1970d) by ireaiing 20 nii.2 ploi
of jungle lerraiii wilh 2 aerial sprays of fenthion.

effective mosquito adulticide and larvicide (Tu-
hie 3). The second application Ilie plot
nude 9 days following (lie inilia] spray kill
larvae before pupation and adults before ovi-
position. The predominant anoplieline species in
the An. alhinumus and An. fritinnnhiu.’i
Nciva and Pinto. A of ll. oz./acre of 93%
fenthion dispersed 350-ft. altitude during the

application and 150-200 ft. altitude for the
second .spray. Ba-scd man-biting collections and
collections from horse-baited traps, these sprays
provided successful control (initial reduction of 95
and >819r overall) of the adult anopheline
quito population for 31 days following llie second
application.

Haile al. (1982h) obtained only 55% kill of
caged Ac. taeniorhynchus with either 0.125 0.25
fL oz./acre ofnaled (85% naled diluted 1:5 in heavy
aromatic naphtha and undiluted 85% naled. respec-
tively) dispersed altitudes of 240 and 270 ft..

respecti\ely. Howe\er, these unsatisfactory results
likely due insufficient dose than

cessive horizontal transport caused by high-altitude
dispersal.

In high-altitude nightiime lest, Weathersbee
al. (19S6) applied 80r’f naled riceneJds of 4 mi.-’
surrounding Stuttgart, Arkansas for adult mosquito
control (Table 3). A of 0.72 fi. oz./aere of 80%
naled applied 200-300-fl. altitude produced
ductions of 48 and 68% of An. qutuirim(icuiatus
and Pf.orophord culumbiae (Dyar and Knab) pop-
ulations, respectively, 24 positreatment. Be-

of high application altitudes and surface wind
velocities of 5-10 mph during: application, of
the naled likely transported downwind of the
target Furthermore, the 24-h reductions may
reflect reinfestation of the target

EFFICACY AGAINST
iMOSQUITO LARVAE

Tlie advantages of the ULV aerial spray inclhod
tor mosquito adulticiding universally be ap-
plied mosquito larviciding. The ULV method is
well suited large-scale operations whereas
mosquito larviciding is done relatively small
scale. Nevertheless, knowledge of ULV aerial
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Table 3. CMcnded.

A

1.()()()

3.000

(fl.)

500
500

300

Swath
(fl.)

2.112
1,056
1,056
1,056
1.056

("".-’)

25
25
25
25

Voli[

(11.

Malilthi

1.5
3.0
3.0
3.0
6.0

’acre)

on.95^

Pert

74
100
97
332
87

^niagC
ntiol’

Mouni
Mouni
Mouni

<i). (1970a)

ferenci;f’)

(i970a)
(1970,1)
(197()ll)
(197()tl)

Nalci], 85’,; (14 Al/gal)

500
600 -1,000
600 1,000

600
(i(X)

240
270

Naktl, 80’,;;

200-300
200-300

300
500

peintiion, 93’fc (Ba

150-350

1.1)00

500
500
500
500
p

2.112

"nlisted
Unli.sK.-tl

4.224

2.112

4-28
4-28
28

4

R-l

20

1.0
0.55-0.80
0.55-0.80

0.55
0.80
0.125’
0.25

0.72
0.72

illiion, Ib. Al/gal (Baylcx")

1.2

1.0

85
87-100
14-80
72
95
55
55

48s
68’

57’

.ytcx11)
95

T;i\ lor
Tavlor and
Ta\lor;nKl

T;i> lor
al.

[lailc al. (19X21))

Wcalhcrsbcc III. (1986)
(1986)

Mount (1970d)

l-ofgicn

al. (19691))
Ralllblini (1970)
Ralllbiim (1970)
Racllbum (1970)
Ralllbum (1970)
(1982b)

(1970tl)

al.(1972)

spines of insecticides needed predict their

effect larval populations. Thus. bioassays with

inosquiro larvae included in de-

signed primarily for adulticiding. In Calilbrn

where larviciding has been mainstay of mosqu
coiiirol operalions. ULV aerial sprays of insec

cides tested against mosquito larvae in pi

and rice lields. However, insecticide form

larions somewhat diluted with various oils

of the California trials. Furthermore, several

investigators tested the ULV aerial spray method

for large-scale larvicide applications against Ac’,

^vpri during the previous eradication effort in the

USA during the 1960s. All lurvicide

done with small, single-engine, fixed-wing
tary-wing aircrai’t except those by EJiason nl.

(1970), Lofgren al. (1972). and Mount al.

(1970d). whicli done with relatively large.
iwin-engine. lixcd-wing aircraft. Most insecticides

dispersed with flat-fan hollow-cone
zles. However, few done by applying
insecticides wilh rotary atomizers. Tests of ULV
aerial sprays of insecticides against mosquito larvae

summarized in Table 4.
Afdiough the results against mosquito larvae

shown in Table 4 comprehensive enough
deleimine minimum effective larvicide they
indicate expected larval mortality normal adul-

licide Results from studies with 95% mal-

athion 2-3 and 6-6.8 rl. oz./aci-e indicated 38--
100’A (x 71%) and 67-100’ir (x S^W) control

ol Aeeh’s and Cn!cx sp. larvae, respectively. Also,
13.6 tl. o/./aere of 50% malathion killed 97% of

Ac. tie^yi’ii larvae in open glass beakers (Knudsen
al. 19^0). In with midge larvae, Cliiroiwitw;

fulripilus Rempel, Patterson al. (1966) obtained
95% mortality with 1]. O7./acre of 95% malathion.

In different studies including Ac’tlt’x. Anopheles.
and Culex larvae. 93-100% coiiiro] obtained

with doses of 0.047-0.12 Ib. Al/aere of fenthion

which is equivalent 0.6-1.6 fi. oz./acre ot WA
t’cnthion. A wide dose range of chlorpyril’os
(0.011-0.125 Ib. AJ/aere 0.35-3.S fl. o/../acre of

4 Ib. Al/gal formulation) used obtain 74-

100%’ control of Acdcs, Anopheles, and C’niex lar-

in 4 different studies. Temcphos, which is

used adulticide. produced 79-100% control

of Ac. UK^ypt’i larvae dose of 0.0625 Ib. A I/acre

ot temephos (^ 2.33 fl. o/-./aere of 4 Ib. Al/gal for-

mulation) (Kilpatrick al. 1970a, Rliason al.

1970). Finally. Mount al. (1970e) obtained ^6-

100% control of Or. quiiKjuriascicilu.f Say larvae

with 0.75 1.5 fl. o^./acie of 8.34 Ib. Al/gal fenilro-

DROPLET SIZE

Droplet si/e is inipoitant factor al’fccting the

efficacy of insecticides applied aerially for mosqui-
control. The size of droplets governs their air

transport well subsequent impingement and

coverage target insects and their habitat. For
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Table Ul.V aerial sprays of insecticides aii.iinsi mosquito larvae.

Malathion, 95%

Aedv igroftwcuUs Ca forn
Cnli"c lar.MiIi.v California
<".\. qumqucldscKWis Horida
Chtroriornii.\ fiitvipilus Rempel (midges) Florida
Cx. quiiKjncjtiAcitilu’i hloridii

aegypli
Thailand

0. c/iiinyuefc^citilii.’i Thailand
Thailand

cu’ffypti Thailand

Thailand
C.v. ^uniqueftiscunus

Angola

Malathion, 50t-;

M’aypli Niyeria

Fenthion. diluted (Baylex^)
nif{riwwritti& Calilornm

t-cnthion, Ib. Al/^al (BayLcx-)
Ac. slimuliin.y Michigan
Cx. qiiiiit/tn’fa^cKilHS F’lorida

Flynda

alhinianu\

Fenlhiun, W/c (Baytcx31)
utbinw rriaiinulfiinf, Panama

Chlorp>rifo.s. diluled (Ourshan15)
Anopheles sp. Culcx C’;ililbrnia
An. freeborni Aitken, Cx. sarsuli.\ Calilornia

Chlorpyriloh. Ih. Al/gal (Durshan^)
Cx. tjuiiufucfuscuuus r’lorida

ufsypli Hoiida

Temephos. Ib. AI/i;al (Abated)
Flurida
Floiida

Fcniirothion. iS.34 Ib AI/i’al (Accoihiyrr11)
Cx. tfuiricfHefciM-ifilu^ Flyi-ida

Open pans
Open pan.s
Open
Urban
Open cups
Open cups
Open cups
Open cup.s
Open cups
Open cups
Open cups
Open dishes

Open glass beakers

Open
Open cups
Open cups
Opcii

Aquatic

Rice field
Rice lield

Open cups
Open mcml

Open
Urban

Open cups
Open cups

economical and rapid application. ULV aerial usually distance removed Ironi ihe flight path
sprays Ibr adult mosquito control rely air of the aircraft. Wirh methods of droplet
port ol- droplets by crossv/inds obtain wide pling, size parameters be biased by the collcc-
swaihs. Important aspects of spray droplet si/e in- lion method placement of collection devices. The
elude methods, optimum size, factors volume median diameter (VMD) is the
affecting atomization. and effecl of droplet size monly used parameter describe droplet spec-
pamt. The VMD is the droplet diameter where 50%

Measurement mt’lhoda: Generally, of the spray volume i.s in larger drops and 50% is
made estimate the initial droplet spec- in smaller drops. Several methods available for

dispersed Ironi the spray system instead of droplet size determination of insecticidal sprays, in-
droplets thai impinge mosquitoes their habi- eluding microscopic reading ol’ droplets slides

Determination of the initial droplet spectrum is and optical laser systems. How-
diflicult achieve because droplet collection is all of lliese methods involve
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labic -1. Exicuclcd.

(11. o/./aae)

Mrtlathion, Wr
6.0
(>.0

2.0
2.0
2.6
3.0
3.0
6.0
"!.()

6.0
3.0
6.0
6.0
6.8

Malalllion. 5U’,;i

]3.6

I-cillhion. filmed (Bayk’.^l

64-11.0

FcniluoTi. Ib. Al/yal (Ilaylex

0.75
0.65
1.3
1.2

Dose
(Ib. Al/acie)

0.485
0.485
0.162
0.162
0.20
0.243
0.243
0.
0.243
0.485
0.243
0.485
0.485
0.550

0.549

0.07-0.12

0.047
0.05
0.10
0.094

Pci-ccinagc
conliul

60
100
95
63
94
3

61
100
69

89
100

97

80-100

100
93
100
100

Rcfeicnccf.s)

Mlllheri] al. (1965)
MullicTii al. (1965)
Pallci-huii ill. (1966)

(1966)
Muunl al.
riiasonel (1970)
Kilpainck al. (1970b)
Kilpairick al. (1970b)
Kilpairick al. (1970b)
Kilpairick ill. (1970b)
Lolrrcii al. (1970ai
Lol’grcil al (1970b)
Lolgrcn (1970b)
Ribciro (1973)

Knutlscil (1980)

Mulliciii (1965)

")
Slovens ami Siroud (1966)
Moilnl (197()e)
MOUTH (1970c)
Mouiil (1970(1)

Fcnthion, 93’.’; (IlaMcx31!

.oty.icn al. (1972)

Chloipyri

5.0-S.O
1.4-1

3.2
Unli-slo

liTillhted
2.33

0.75

0.013-0.050
0.011-0.025

0.10
0.125

0.0625
0.0()25

0.05
0.10

74-100
97-100

:hloi-pynlos. Ih. AI/gal (DinshaiT1)

nmyovnyct (1968)
Womcklyi-l ;ind Wlnicstfll (1972)

100 Munut ;il. (iy70c)
9S Kilpatrick (1970a)

Tenicphos, [h. AI/yal (’\b;itL-’;)

Kilp;iHick fl970;i)
79 Lliason ;il. (19701

litrothion. H.34 Ib. AI/gnl (Accolhion^)
100 MoLint (1970c)
Sd Mouin (1970c)

problems in sampling, inenniircmcnl, cosi,

venieiicc. A comprehensive icvicw of droplet
p]ing tind size deiern"iiiirtti(in nieihodotocy pro-
vided b\ Ruthburn (1970).
A low-nllilLidc inelhod designed b\ Mouiil
al. (1970b) minimize bias in colleciing drop-

lets microscope slides. his method mu]-

tipjc passes of ihc spray aircnit’l the miniiinim
sate ullitude (usually 25-50 fr.. dependii-ii;’ the

aircraft) level, open during rclatively
calm weather. "Ic’non-eoaied glass microscope
slides attached electrically driven spinners placed
under ihe nicht line used colled spray
droplets. A spread tacior is required iclate ihe

diameter of droplets slides the actual droplet

diameter. A method de\ eloped by Yeomans (1949)
thai compensates for the higher criticul impinge-

velocities of smaller droplets used cal-
culate the VMD. The accuracy 0!’ Ycomaiis’ hand

method for estimating the VMD of ground-
applied aerosols veiiried l-i> Mount and Pierce
(1972). Haile al. (1978). and Can-oil and Bourg
(1979). Their sludies showed equivalent estimates
of VMD with sellling, nnpaciion. and CouUer
Counter" methods. I-lowevcr. the accuiacy of Yeo-
mans’ method tor aircraft application of somewhat

larger droplet specira has been fully verified.
Thus. Yeomans’ method muy somewhat underesti-

the actual VMD when applied ULV uerial
sprays. Also. simulated method employed by
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Mount al. (197()c) used the airstream of high-
velocity mist blower for droplet size colleclion.
VMD estimates from this simulated method
20-30’^f smaller than those obtained froiii actual

aircraft applications (Mouni al. 1970b). Bouse
and Cai-lton (1983) and Yatcs al. (1983) also used
laser droplet imaging systems droplet
size of aerial sprays.
Optimum droplet .viy spectrum: The optimum

si^e spectrum 1’or the efficient mosquito
trol is dependent type of application (adulticide

larvicide). impingemeni efficiency, and transport
requirement. Decreasing the droplet si/e below
the optimum spectrum increases air transport and

reduces impingement adult mosquitoes and their
associated habitats. Conversely, increasing tlie

droplet she above the optimum spectrum de-
swath intervals and increases impingemeni

nontarget surfaces such canopy above tlie

mosquito habitat.

Adulticifiin^: The literature optimum droplet
size tor adult mosquito conlroi with sprays
osols reviewed previously by Mount (1970).
Four separate laboratory studies provide knowledge

the optimum droplet size ofinsecticidal aerosols
tor mosquito adulticiding. Based wind tunnel

results, Weidhaas al. (1970) calculated that
the minimum lethal dose (LD,y,,) of undiluted tech-
nical grade formulations of malathion. rialed. and
fenthion for adult female Ac. iorhvnclius is
contained in droplets of 25. 20. and 17.5 p.in di-

respectively. These results suggest larg-
droplets of these insecticides applied ULV

aerosols could be wasteful because ol’ overdosing.
Also. in settlement chamber study with still air.
Lofgren af. (1973) used scanning electron mi-

croscope observe that 2-I6-u,in-diamcler drop-
lets ot soybean oil (used simulate technical in-

secticides) impinged efficiently mosquito
wings lhan smaller larger droplets. Furthermore.
in wind tunnel study. Haile al. (1982a) defined
the relationship between adult mosquito mortality
and droplet size with exposure of Ac. laenn’fhyn-
chits uniform size droplets ot malathion insecti-
cide transported at 2.3 mpli. Their results indicated
that the optimum droplet size range for kill of adult
mosquitoes is 10-15 diameter. An extension of
the optimum size range 4-26 ^im diameter

sulted in only l.7-lbld reduced kill efficiency
compared the range. Tliese results

consistent with those reported previously by
Latta al. (1947). who demonstrated that the
effective droplet size range tor adult mosquitoes
exposed DOT in wind tunnel 12-20
diameter. Haile al. (19S2a) also demonslraied
thai ground-applied aerosols with V’MDs of 5-24

|j.m provided greater percentage kill of adult

quitoes than aerosol wilh VMD of 39

In studies wilh aircraft applications 95 iriph,
Mount al. (1970c. 1971) showed that adult

quito kill efficiency could be increased about 2-told
by applying ULV insecticides with rotary atomizers

(mean VMD 31 u.m) instead ot Hal-fan nozzles
(mean VMD 43 u.m). This difference in efficien-

cy consistent with species of mosquitoes.
caged adult female Ac. hvficfius and C.x.
quintitiefasc’uuu’:. well natural populations of
salt-marr.h mosquitoes, predominantly Ac. icu-nio-

rtiynchu.-;. in citius groves willi dense foliage. The

increased efficiency attiibuled the smaller
and uniform droplets emitted from tlie rotary
atomhers. The roiary atomi/ei-s emitted 83%- (x of
all droplet size estimates) ot the spray volume in

droplets of <’5-50 (im diametei and only 0.1% of
the volume in droplets of 100 p-in diameter. Com-
paratively. 61%’ of the spray volume from flat-fan

nozzles in droplets of ’-5-50 (JLIU diameler with
\y/c of the \o!uine in droplets ot >100 diam-

These indicate thai (he optimum size for
aerial sprays is close that reported for ground
and laboratory tests. How’e\er. comparative
with aerial sprays using smaller droplets have
been done because increased atomization is difficult

achieve. Depending atmospheric conditions,
the optimum size for aerial sprays may be
hm larger than tbr ground aerosols because sprays

downward from release altitude

quito habitats the ground.
Mount al. (1970d) tested ULV spray droplet

penetiation in the dense jungle canopy o!’ Panama.
This done when surface winds calm

minimi/.e loss of droplets by horizontal transport.
Droplets collected in the open road and under

the dense jungle canopy compared by "flood-
ing" small target with swaths of technical
malathion 50-ft. intervals and 75-100 ft. alti-
tude. Droplets collected silicone-n-eated
glass microscope slides rotated in vertical plane
with battery-operated spinning device veloc-
ity of mpli enhance impingement of the mal-
athion droplets. Approximately 50% of the lotal
spray volume penetrated the jungle canopy. The
VMD of the initial spray 52 (JLIII. sampled

the open road, while the VMD ot the spray thai
collected under the canopy only 32 (JLIII.

The maximum dropler size that penetrated ihe jun-
gle canopy 68 diameter. Taylor
(1975) obtained similar results with L’LV aerial

sprays of technical malathion in Haiti with average
VMDs ot 46 and 28 for open and protected
sites, respectively. Moreover. Perich al. (1992)
showed that droplet size (VMD) of ULV aerial

sprays of resmethrin formulated in mineral oil
^10-20 )JL,m smaller inside than outside of

houses in the Dominican Republic.
LAirvici<ling: No definitive studies optimum

droplet si/e for mosquito larviciding have been
ported in the literature. Logically, factors such
drift, foliage penetration, and coveiage tliat influ-

the optimum size range for adulliciding also
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influence the droplet size needed lor effective and
efficient larviciding. Laniciding is usually done in
small tin-get Thus. iclatively large droplets

he used avoid excessive air transport. If
target also covered by dense vegetation.
relatively small droplets required penetrate
the vegetation and reach the larval habitat. An
ception small droplets for penetration would he
the of large droplets in high-volume,
based spray that would runoff. The
diction in droplet ,si7e rcquiiements lor little
horizontal transport and foliage penetration argues
against using ULV aerial sprays tor larviciding of
small target covered by dense vegetation.
However. ULV sprays have been used successfully

larvicide sinall with dense vegetation (Bur-
goyne al. 1968) and large with heavy veg-
etation where horizontal transport be tolerated
and is desirable tor foliage penetration and
wide coverage (Lol’gren al. 1972, Wom-
eldoi-fand Whitesefl 1972).

Factors affecting cilomf.iilion: A wide variety of
affect the aloini/ation of liquid insecticide

formulations dispersed aerial .sprays. These fac-
include the type of noz/lc, orientation uf

zles tlie ailStream, shearing force created by the
aitstream during flight, physical characteristics of
the insecticide formulation, and flow An
derstanding of the relationship between these fac-

and droplet si/.e will influence the choice of
aircraft and application equipment tor operation-
al program.

Mount al. (1970e. 1971) showed that droplet
sizes (VMD) of malathion and fentliion sprays
2KC^ less with rotary atomizers than with flat-Inn
no/zles when dispersed in air-blast velocity of
95 mph. Moreover, the percentage of volume
omized into droplets within the <5-50 range

much greater with lotary atomi/ers (x 88)
than with flat-fan nobles (< 51) (Mount al.
197 1).

Various investigators have demonstrated thai ori-
entation (lie airstream affects the atoini/aiion

characteristics of Hat-fan nozzles. At air speed
of 95 mph. Mount al. (1970c) showed that

Je orientation down and 45 forward provided
maximum atomipation of technical malathion while

positions of straight dow’n and down and 45 back
produced VMDs thai 17 and 50% larger,
spectively, than the former. Similarly. Bouse and

Carlton (19.S3) and Yales al. (1983) reported
ei.lge decreases of 16 and 210;, for vegetable oil

and water-based sprays, respectively, dispersed
90-118 mph by no77les oriented down and 30-45’
forward compared no7zles oriented straight down.
The effect of airstream velocity atomi7ation

of- liquids dispersed by Hat-fan nozzles studied

by several investigators. Mount a!. (1970c)
showed that relatively slow airstream velocity of
only 50 mph produced VMD 25% larger tlian the

VMD produced by velocity of 95 mpli. Also,
Mount al. (!97C)b) demonstrated that tlie VMDs
of aerial sprays ofnaled dispersed 110 mph
63% larger than those dispersed 150 mph. More-
over, Yates al. (1983) and Bouse and Carlton
(1983) sliowed that small differences in air-

velocity, such 90 110 mph and 100
18 mph. produced VMDs 15 and Wi larger

the slower velocities witli aqueous and oil spravs.
respectively.

Important physical characteristics of ULV insec-
ticide formulations that affect atomi/ation den-
sity, viscosity, and surface tension. These charac-
teristics inherent with technical highly
centrated formulations and. without dilution,

be altered change droplet si/,e. Data from Mount
ai. (1970e. 1971) indicated lliai VMDs for 93%

f’cnthion ’’A larger tlian VMDs for 95</(- mal-

arhion when atomized with the type of
zles and about equal flow Also, Mount al.
(I970h) sliowed that the VMD toi S5% naled
53% gi than for 95’x. malathion dispersed from
(lie flat-fan nozzles equal pressure and air-

craft speed. However, the lower flow require-
for fentliion and naled. because of higher

toxicities than inalailnon, tend offset their phys-
ical characteristics dial resist atomization.

Tn general, incieasing flat-fail nozzle flow

pacitv resulted in inciease in VMD. With sim-
ulated aerial sprays. Mount al. (1970c) sliowed
lh;U the VMD increased 47% from rated capacity
(water 40 psi) of 0.023 gaf/min gal/min.
Greater differences in droplet size due nozzle
capacity shown with Air Force C-123 air-

craft flown 150 mph. Mount al. (1970b) in-

dicated 32 and 439( decreases in VMD when flat-
fan nozzle capacities decreased 2- and 3-fold
with applications of 95% malathion and 85^c naled,
respectively. With rotary atomizers. Mount al.
(1970e, 1971) showed -3 14% (x 9(;() in-

in VMD iclated 30-100% (\ 55%)
increases in How of 95% malathion and 93%
tenthion.

Efject paint: A potential side effect of ULV
aerial spraying urban is spotting of paint-
ed surfaces, particularly automotive paint. Howev-

this effect be avoided minimized by dis-

persing aerial sprays in the optimum opti-
si/e range. In with aerial sprays. Kilpa-

(rick al. (1970a) indicated lliai lechnical malathion

>4 fl. oz./acie and sprays ’-’--75 VMD
would damage painted surfaces. In
with ground-applied aerosols. Rathburn and Tloikc

(1977) demonstrated visible damage
motive paint panels under 3X magnification by
unaided eye from exposure ground-applied
osols of technical malathion with VMDs of 11-17

I-LIII. l-’urlheriiiore, Tictz.c al. (1992) indicated

positive correlation between malathion droplet
VMD and damage spot size automotive paints.
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Tietze al. (1992) reported size thresholds of drop-
lets small visible damage of and 11

p.m VMD for different types of automotive paint.
Another strategy tor avoiding minimizing the

effect of ULV aerial sprays paint is decrease

swath width urban With wide swaths.
insecticide flow he increased maintain
insecticide dose. Increased flow rate, in in-

the potential for deposition of greater
ber.s of relatively large droplets specific site.
This i.s especially the when prevailing winds
decrease in velocity substantially and unexpectedly
during application.

METEOROLOGY

With ULV aerial sprays against adult mosqui-
toes, the critical meteorological parameters
wind velocity and direction, temperature, and
mospheric stability. In highly diluted
water-based sprays, relative humidity it relates

droplet evaporation is critical with ULV
sprays because the undiluted insecticide formula-
tions essentially nonvolatile. Although research

renewed in this paper does directly relate
teorology mosquito control, general guide-
lines be interpreted.
Wind velocity nrni direction: Wind velocity data

required prior spray operations determine
whether the average velocity ground level
exceeds maximum threshold, usually "=10 mph.
The wind velocity ranges ground level reported
in small-scale (Table 1), large-scale (Table 2), and
high-allilude (Table 3) <1-10, <1-17.
and <I-10 mph, respectively. As noted by Mount

al. (I970a), wind velocity generally increases
with increase in altitude. Thus. winds exceeding
==10 mph ground level may excessive dis-
placement of swaths when spray is released al-
titudes of >200 ft. An example is the 9-15-mph
wind velocity reported by Weathershee al. (1986)
(Table 3) that likely caused excessive air transport
of naled sprays released 200-300 ft. altitude dur-
ing nighttime applications. However, when sprays

released ^200 ft. altitude, turbulence created

by the aircraft vortices force insecticide drop-
lets down. In this wind velocities somewhat
in of 10 mph be used disperse the
spray wide swaths. Swaths of 2,000-2,500 ft.

used by Biery (1989; footnote 8, Table 2) and
Hailc and Kline (1989; footnote 4. Table 2) for
good mosquito control wilh relatively high
winds using malathion and naled sprays released

i50 ft. altitude from C-I30 aircraft. Conversely.
calm conditions may require the of
swaths for thorough coverage ol the target
Also. release altitude he increased level

where wind present disperse the
spray wider swath. 1’or example, Mouni

al. (I970a) and Lolgren ai. (1972) used high
lease altitudes (175-350 ft.) disperse malathion
and fenthion sprays during calm ground level

ditions in dense jungle habitat in Panama (Table 3).
Regardless of wind velocity and release altitude.

wind direction data needed establish
wind swath direction for aerial sprays. If high-al-
lilude sprays planned, wind direction data

required for both ground level and release altitude.

Temperature: Ambient temperature is important
because it influences mosquito activity and the ef-

ficacy of insecticides. Ambient temperatures
ported for mosquito adulticide trials listed in Tables
1-3 57-^8’"’H Nevertheless, low temperatures

reduce the effectiveness ol" insecticides, in-
dicated by Stevens and Stroud (1967). They
ported possible recovery of adult Ac. slirnu lans
(Walker) 12 following application of propoxur
spray ==60’’F in Michigan. In contrast. Mount
al. (1969) obtained satisfactory control of Accic.^ sp.
with malathion sprays during ambient temperatures
of <60"F in .subarctic Alaska where mosquitoes
apparently adapted host-seeking activity during
relatively low temperatures compared
quito species in temperate and tropical climates.

Atmospheric .^lability: Atmospheric stability is

important factor that influences transport of
droplets from release altitude ground level. Many
factors determine air stability, such wind veloc-
ity, temperature gradient, and time of day. In gen-
eral. the stable slightly unstable air associated
with early morning evening considered
suitable for aerial sprays. Of the small-scale studies
listed in Table that indicated application times, 73
and 27% accomplished witli early morning
and evening sprays, respectively. Most of the
ing sprays applied during 6:00-3:40
However, few sprays applied early 5:
30 late 10:30 with satisfactory
results. In Tables 2 and 3. 67. 20. and 13%- of llie

large-scale studies done with evening, early
morning, and night sprays, respectively. With

exception, the evening and early morning sprays
applied during 5:45-10:00 p.m. and 6:00-8:

30 respectively. Biery (1993: footnote 9. Table
2) reported emergency spray applications during 3:
46-8:20 p.m. following Hurricane Andrew. The

night applications made during 3:58-5:20

(Taylor and Rathburn 1970) and^OlOO p.m.-
1:00 (Weathersbee al. 1986).
The early morning and evening time frames lend
optimize spray efficacy because of increased

mosquito activity and probability of adequate
mospheric stability for effective spray dispersion
into mosquito habitat with adequate crosswinds. A
stable atmosphere is normally characterized by

air top of colder air and usually
when insolation intensity is reduced absent. Con-
versely, unstable atmosphere is characterized by
colder air top of air and usually
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during the middle oflhe day when insolation inten-

sity is highest. Thermals. which rising air
caused by incoming solar radiation falling

the eaith. usually during unstable

sphere. A strong inversion may actually the
downwaid air transport of .sprays. For example.
Bicry (19S7; footnote 7. Table 2) repoited that
iiiver?>ioTi layer caused spray hang the
sphcrc and contamination (it" C-130 aircraft

in spray mission for dengue control in San Juan,
Puerto Rico. However, inversion only he
detected prior spray operations by
of temperature rise with increasing alrirude.

CONCLUSIONS

1. L’LV applications of insecticide effi-
cacious againsr adult mosquitoes water-based,
highly-diluted sprays. The degree of adult mosquito
kill obtained with any insecticide application is
lated the dose ofacii\e ingredient and many oth-

application and environmental factors, but

application volume. Inert diluents such and
petroleum-based products do kill mosquitoes
and only add and inconvenience aerial spray
operations.

2. The increased number of that he

sprayed per aircraft load with the ULV method of-
fers great advantage highly diluted sprays
ibr large-scale control of adult mosquitoes. More-

this advantage is further enhanced by normal-
altitude (^200 ft.), wide-swath applications that
beneiit Irom undiluted insecticide droplets that
maintain their integrity during air transport target
mosquitoes and associated habitats.

3. High-altitude (: -200 ft.) applications of ULV
sprays using wide stacked swaths could be used

for mosquito adulticiding in emergencies
al situations it" wind velocity and direction data

appropriate altitudes available accurately pre-
dict placement ol" the insecticide. However, liigii-
altitude methods suitable for adulii-

ciding programs because detailed wind data

usually unavailable.

4. Successful mosquito control in dense foliage
open housing be achieved with Ul-V aerial

sprays. IIov-cvcr. because of the filtration effect of
dense foliage domicile insecticide dos-

be increased ^-fold compared normal
doses achie\e satisfactory mosquito control. A

here is that. in 2-fold dose
increase may be above the labeled

5. The ULV aerial application method is suitable
lor mosquito larviciding large target
pecially when adulticiding is required.
However, L’LV sprays do ol’l’er substantial ad-
vantage highly diluted sprays for
quito larviciding programs because target
relatively small, thus reducing the benefit of in-
creased effective payloads. Furthermore, lliere is
the added problem of insecticide place-

into small target with ULV applications.
This placement problem be
readily with highly diluted sprays than with ULV
sprays by increasing droplet si/e reduce horizon-

tal transport and by increasing volume
runoff ’Alien foliage penetration is required. Gran-
ular formulations of larvicides also be used in-
stead of UI-V sprays maximi/.e placement and
foliage penetration.

6. The efficacy of ULV aerial spiays against
adult mosquitoes is directly related droplet size
because it governs air transport and impingement.
The optimum si/.e range for mosquito adulticiding
is 5-25 p-m VMD based laboratory wind tunnel
and ground aerosol research. How this size
range lias been only partially confirmed by research
with ULV aerial sprays.

7. For mosquito adulliciding, optimum
omization ol’ ULV aerial sprays i.s achieved by
ing (lat-llan no//les high-speed aircraft (^-LW
mpli) rotary atomizers slow-speed aircraft

(<150 mph). Flat-fan nozzles should be oriented

straight down down and 30-45; forward the
airstream for maximum atomi/.ation of the insecti-
cide. Also. flat-fan no//les with the lowest flow
capacity that does plugging problems
should he used minimi/e droplet size for maxi-

foliage domicile penetration and mosquito
kill. Rotary atomizers should be operated maxi-

recommended rolaiional speed and low flow

achieve optimum droplet si/.c.

8. Near optimum atomization of’ UI.V aeria!
sprays is required only tor maximum biological
efficacy, but also avoid minimize spotting
tomotive paint in urban and subuiban

9. In general. ULV aerial sprays should be ap-
plied during the crepuscular periods following
rise preceding when mosquitoes active

and atmospheric stability is favoiahle achieve
maximum levels of adult mosquito control. Pre-
vailing crosswinds of 2-10 mph also necessary
for successful wide-swath applications.
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You’ve Always Wanted Mosquito
Collection To Be Easier. Now It Is,

American Biophysics" ABC Trap
Series is setting standard in

Diptcran collection equipment.
Constructed from durable materials

for years of trouble Free use,
traps have been designed trom the
boltoni up make yourjob easier:

Exclusion of non-diptcrans

Net bag has small mesh, draw

string clips, write-on labd, vclcro

aspiration port, .ind drop tray

User-friendly slow release
octenol packets available (patent
pending)

External hanger for

Built-in photocell operation
-tf^

I/ Modular construction for easy
parts replacement
1^ Integral dry ice container (trap
is also available with tubing
connections tor CO^ Links)

Polymer lid prevents battery
shorting during transportation

Quick clip for hanging
trap eliminates knot tying hassles

These just sampling of 40

features and innoviilions which

make trap easier for

surveillance trap-out studies. 1’or
details call 401-423-3930 and

make your job easier today.

AMERICAN BIOPHYSICS CORPORATION
18 Southwest Avenue, Jamestown, Rl 02835 (401) 423-3930 Voice (401) 423-3910 Fax


