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Introduction
Integrated mosquito management principles used in mosquito 
control programs (MCPs) include a variety of tools to target 
immature and adult stages to protect public health from poten-
tial vectors and reduce nuisance biting mosquitoes.1 Mosquito 
population management emphasizes 4 core components: (1) 
personal protection against mosquito bites using repellents (eg, 
DEET), (2) environmental management (eg, container dis-
posal, draining of ditches, water management), (3) larval con-
trol (ground and aerial application of larvicides), and (4) adult 
control (ground and aerial ultra-low volume [ULV] and barrier 
applications of adulticides).1

Methods to control adult mosquitoes over smaller areas (eg, 
residential backyards) include hand-held ULV treatments, 
thermal fogging, and/or the application of residual insecticides 
to vegetation, commonly referred to as “barrier sprays.”2 Barrier 
applications using backpack mist blowers are labor-intensive 
and may not be suitable for covering large areas; however, they 
can be used in certain situations for targeted control.3 In the 
United States, an entire segment of the private pest control 

industry has emerged, focusing on barrier treatments to control 
mosquitoes in residential backyards based, in part, on (1) effec-
tiveness of barrier treatments, (2) general budget reduction/
dissolution of county/municipal mosquito programs in some 
regions, and (3) increased public awareness of mosquito-borne 
diseases.

Applications of insecticides using ULV or “cold fog” tech-
nologies are an important part of many MCPs. Insecticide 
droplets in ULV applications are most effective with a volume 
mean diameter between 5 and 25 μm, break down relatively 
quickly, and do not result in residuals on plants or other items 
that come into contact with the insecticide cloud. Conversely, 
barrier treatments are specifically designed to leave a residual 
coating on plants and have been defined as4 “treatments for 
mosquito control where insecticidal products are applied onto 
localized areas of vegetation or natural/man made surfaces 
where mosquitoes may rest during the day.” Perich et al5 out-
lined the criteria that need to be met for a barrier application to 
be effective: (1) the species targeted must rest in vegetation 
before and/or after taking a blood meal, (2) a clear separation 
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between vegetation and human dwellings must exist, (3) ovipo-
sition sites must not be within the barrier, (4) insecticides with 
long residual times must be used, and (5) adult mosquitoes 
must make contact with the insecticide. These aspects of bar-
rier treatments for mosquito control were recognized at the 
inception of vegetation treatments with insecticides in New 
Jersey in the 1930s and still are used by private and public 
MCPs.6

Here, we review published literature related to barrier treat-
ments during the last 74 years (1944-2018). Databases such as 
PubMed, Web of Science, and Google Scholar were used to 
retrieve worldwide literature on barrier applications. 
Unpublished reports, master’s theses, and doctoral dissertations 
were excluded here. Literature searches were conducted 
between January and December 2018. Terms used in the litera-
ture search included “barrier spray,” “residual insecticide,” 
“backpack sprayer,” and “backyard mosquito control.” Reference 
sections of primary articles were also reviewed for related pub-
lications. Table 1 provides information on the active ingredient 
(AI), method of application, mosquito species, and surveillance 
method used for all the papers cited in this review. Table 2 pro-
vides the trade name and AI for insecticides used in papers 
cited. Potential issues related to the relationship of barrier 
treatments to non-target organisms and insecticide resistance 
are briefly discussed.

Pyrethrum, Dichlorodiphenyltrichloroethane, and 
Organochlorines
Applying insecticides to vegetation to control mosquitoes was 
a technique recognized at the beginning of organized mosquito 
control. We review the use of pyrethrum, dichlorodiphenyl-
trichloroethane (DDT), β-hexachlorocyclohexane (BHC), lin-
dane, and dieldrin as barrier treatments.

The idea that insecticides should be applied to vegetation 
where mosquitoes rest was conceived by Joseph M. Ginsburg 
of the New Jersey Agricultural Experiment Station in 1934 
when he tested his newly developed New Jersey pyrethrum 
mosquito “larvicide” by applying it to vegetation to control 
adult mosquitoes in outdoor areas.6 The “larvicide” consisted of 
an emulsion of 66% kerosene, 0.5% sodium lauryl sulfate, 
0.07% pyrethrins, and “about” 34% water (the total exceeds 
100%; however, these are the amounts reported in the paper).6 
If applications were made to all vegetation, structures, benches, 
and other surfaces, mosquito numbers post treatment were 
reduced.6 It was recommended that the “larvicide” be applied 
to vegetation in small areas using knapsack sprayers or other 
small hand pump sprayers and, for large areas, power sprayers 
that could produce 14 kg/cm2 of pressure. The larvicide was 
used until 1942 when the War Production Board prohibited 
the use of pyrethrums in preparation of the larvicide due to 
limited supplies available.40

During World War II, the US military embarked on a 
worldwide deployment where many troops were exposed to 

malaria and other mosquito-borne diseases that affected the 
fitness of the fighting force.40 Because pyrethrum stocks were 
limited during the war, alternatives needed to be developed 
immediately.6,40 During 1944, US Department of Agriculture 
(USDA) scientists conducted the first tests of DDT applied as 
a barrier application to control mosquitoes.8 The study aimed 
to simulate conditions experienced by deployed troops in tropi-
cal areas and was carried out in heavily forested areas near 
Cocoa Beach, Florida. The barrier applications targeted pestif-
erous salt-marsh mosquito species (Aedes taeniorhynchus 
[Wiedemann] and Ae sollicitans [Walker]) with landing counts 
up to 200 landings/min. Vegetation was treated using 11.3 L 
hand compression sprayers with DDT mixed with No. 2 fuel 
oil and DDT aqueous emulsions in No. 2 fuel oil.8 Application 
rates ranged from 5% to 20% DDT for the fuel oil solutions. 
Vegetation was treated in 2023 m2 plots with the various solu-
tions, including 1 experiment where vegetation was treated in 1 
plot and the ground litter treated in another.8 Percent mosquito 
reduction was calculated by measuring landings on the front 
legs of a human volunteer both inside barrier-treated areas and 
in untreated areas outside the barrier.8 Landing rates were con-
ducted 48 hours to 59 to 96 days following the treatment. 
Findings indicated that all DDT applications reduced landing 
counts of Ae taeniorhynchus and Ae sollicitans. Landing rate 
reductions (88%–99.8% reduction) were greatest in the 48 to 
72 hours following the applications but showed reduction in 
mosquito numbers out to 96 days. The study showed that a 5% 
DDT aqueous emulsion performed best in reducing mosquito 
abundance.8

Another study9 reported on tests of DDT dusts applied to 
vegetation for temporary control of mosquitoes in military 
encampments or bivouacs. DDT dusts ranging in concentra-
tion from 1% to 50% in talc were applied using hand rotary 
dusters to 1012 m2 and up to 40 469 m2 plots. Using a 50% con-
centration of DDT, landing counts of salt-marsh mosquitoes 
showed a 100% reduction 3 hours post application. Barrier 
applications using dusts, however, were abandoned because 
they were considered impractical to use when compared with 
liquids and aerosols. Others7 continued testing DDT against 
salt-marsh mosquitoes in Florida using 19 to 114 L of DDT 
per 4047 m2. Laboratory bioassays exposing Anopheles quadri-
maculatus Say mosquitoes were exposed to treated leaves (5% 
DDT suspension) and showed 86% mortality up to 46 days 
post treatment. Reduction of Ae sollicitans, Ae taeniorhynchus, 
and Psorophora spp.7 in treated “jungle” plots was 23% for pyre-
thrum, 26% for BHC, 41% for DDT solution, and 64% sus-
pension for 53 days post application.7

Dichlorodiphenyltrichloroethane barrier treatments indi-
cated that the flight range of the targeted mosquito species must 
be considered to help determine the appropriate height and 
depth of barrier treatments.10 To test this, Ludvik10 carried out a 
study in Alabama, where the formulation included 25% DDT, 
63% xylene, 2% emulsifier, and 10% rosin (1:4 ratio; formulation: 
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water). A strip of vegetation (3 m high × 15 m wide) was treated 
with approximately 1230 L/4047 m2 (62 kg DDT/4047 m2).10 
Following application, 5000 lab-reared An quadrimaculatus 
marked with fluorescent dye were released. Only 0.12% of these 
mosquitoes were recaptured within 8 weeks post treatment, lead-
ing investigators to conclude that the barrier treatment was suc-
cessful.10 A separate study11 treated 2023 m2 to 202 343 m2 plots 
of vegetation with DDT and lindane to control snow melt mos-
quitoes such as Ae communis (DeGeer), Ae fitchii (Felt and 
Young), and Ae hexodontus Dyar in the Cascade mountains of 
Oregon. Both insecticides were diluted with water. Using 30 sec-
ond landing counts, lindane (mixed at 1.4 kg/4047 m2) provided 
a similar level of control as DDT (mixed at 1.8 kg/4047 m2). 
Quarterman et al12 applied 1.4 kg DDT per 3.8 L of water with 
2.5% emulsifier by airplane to a 122 m swath of vegetation to 
control rice field mosquitoes. New Jersey light traps were placed 
inside and outside the barrier. Satisfactory control was not 
achieved as 7000 to 10 000 mosquitoes were collected in the 
traps during the first 4 nights following application.

It was reported that treating outbuildings and vegetation to 
a radius of 30.5 m from a house with 2.3 kg/4047 m2 DDT 
resulted in 6 weeks of control and 4.5 kg/4047 m2 DDT resulted 
in 9 weeks of control of Ae sollicitans and Ae taeniorhynchus.13 In 
concurrent tests of BHC, lindane, and dieldrin in these resi-
dential settings, control lasted only from 0 to 2 weeks.13 Under 
high mosquito pressure, DDT treatments were also considered 
ineffective after 2 weeks.

Dichlorodiphenyltrichloroethane continued to be used in 
many MCPs over the next several years but before insecticide 
resistance and environmental impacts of insecticide misuse 
were realized. Dichlorodiphenyltrichloroethane began to be 
phased out and other chemicals such as BHC, dichlorodiphe-
nyldichloroethane (DDD), lindane, dieldrin, heptachlor, and 
aldrin were incorporated into MCPs.41,42 Organophosphate 
insecticides were also being used, and by 1954, the use of mala-
thion was widespread for barrier vegetation applications to 
control mosquitoes in California.43 As organophosphates were 
being incorporated, reports of resistance in mosquito popula-
tions to DDT and other organochlorines increased, and focus 
shifted to the newly developed and marketed synthetic pyre-
throids to control both vector and pest mosquitoes. No peer-
reviewed studies that investigated an organophosphate 
insecticide alone were found; however, Helson and Surgeoner14 
reported the efficacy of chlorpyrifos and iodofenfos in labora-
tory bioassays and Anderson et al15 reported the efficacy mala-
thion in the field. The comparisons are reported with the 
pyrethroids to emphasize the differences in efficacy.

Pyrethroids
The first synthetic pyrethroid, allethrin, was discovered in 1949 
by chemists at the USDA in Beltsville, Maryland.44 In 1962, sci-
entists at the Rothamsted Experimental Station in the United 

Table 2. Registered name, AI, and referenced study of formulated 
products evaluated.

pRoDUCT NAME % AI REFERENCE

Anvil 10 + 10 10% d-phenothrin
10% pBo

Amoo et al17

Aqua K-othrine 2.03 g/L 
Deltamethrin

Bengoa et al20

Aqua Reslin 
20 + 20 EC

20% permethrin
20% pBo

Amoo et al17

Cilek and Hallmon16

Archer IGR 1.3% pyriproxyfen Unlu et al36

Bifen I/T 7.9% Bifenthrin Richards et al18

VanDusen et al27

Bifex AquaMax 100 g/L Bifenthrin Hurst et al25

Bistar 80SC 80 g/L Bifenthrin Standfast et al38

Black Flag 0.2% Resmethrin Amoo et al17

Cy-Kick CS 6% Cyfluthrin Qualls and xue21

Demand CS 9.7% Lambda-
cyhalothrin

Li et al33

Muzari et al34

McMillan et al19

Qualls and xue21

Trout et al30

Trout and Brown22

Duet 5% Sumithrin
1% prallethrin
5% pBo

Gibson et al39

Etox 20/20 CE 20% Etofenprox
3% Tetramethrin
15% pBo

Marini et al35

K-othrine SC 25 2.56 Deltamethrin Bengoa et al20

Masterline 7.9% Bifenthrin Qualls and xue21

Microsin 10% Cypermethrin
2% Tetramethrin
15% pBo

Marini et al35

NyGuard IGR 10% pyriproxyfen Suman et al37

permanone EC 10% permethrin Cilek and Hallmon16

Suspend SC 4.75% Deltamethrin Cilek and Hallmon16

Qualls and xue21

Suspend 
polyzone

4.75% Deltamethrin Richards et al18

McMillan et al19

Talstar 7.9% Bifenthrin Allan et al32

Bibbs et al29

Britch et al24

Cilek23

Doyle et al31

Fulcher et al28

McMillan et al19

Qualls et al3
Qualls et al26

Trout et al30

Tempo SC Ultra 11.8% Beta-
Cyfluthrin

Qualls and xue21

Abbreviations: AI, active ingredient; CS, Capsule Suspension; pBo, piperonyl 
butoxide.
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Kingdom, led by Dr Michael Elliot, developed resmethrin.45 
The group at Rothamsted in the 1970s discovered permethrin, 
cypermethrin, and deltamethrin, with Sumitomo discovering 
fenvalerate about the same time.45 With the banning of DDT in 
the United States in 1972 and the loss of many organochlorines 
for public health uses, pyrethroids are the main insecticides cur-
rently used to control mosquitoes. Government and private pest 
control companies rely almost exclusively on pyrethroids to con-
trol adult mosquitoes through ULV and/or barrier applications. 
We report results on 12 synthetic pyrethroid AIs used: bifen-
thrin, cyfluthrin, cypermethrin, d-phenothrin, deltamethrin, 
fenvalerate, lambda-cyhalothrin, permethrin, prallethrin, resme-
thrin, sumithrin, and tetramethrin.

Bioassays and Semi-Field Studies
Bioassays provide evidence of AI efficacy, including behavior 
changes and lethality to different mosquito populations under 
controlled conditions. These data are important in determining 
biological activity of an AI and large data sets can be generated 
across AIs, mosquito populations/species, and their susceptibil-
ity/resistance profiles for each tested AI. Semi-field studies 
allow investigators to obtain data on the effectiveness of an 
insecticide under more controlled conditions than a field study 
that may be subject to variable weather conditions and mos-
quito occurrence and abundance. Caution is advised when 
interpreting laboratory results due to the different methods 
that may be used between laboratories. Many of the studies 
included in this review reported results of both laboratory bio-
assays and field studies with a few including semi-field studies. 
Bioassays and semi-field studies were separated from field 
studies to highlight the results of these bioassays and so meth-
ods and results can be compared without being confused with 
studies in the field. Studies are presented in chronological order 
to highlight the changes in methods and chemicals over time.

Five emulsifiable concentrate (EC) insecticides including 
25% methoxyclor, 10% chlorpyrifos, 20% iodofenfos, 50% mal-
athion, and 1.25% permethrin and 1 wettable powder, 50% car-
baryl, were evaluated as residual applications to vegetation.14 
The study also compared 4 formulations of permethrin: 1.25% 
EC, 25% EC, 25% wettable powder, and 0.25% oil solution. 
Additional pyrethroids including 30% fenvalerate EC and 40% 
cypermethrin EC were compared with 1.25% permethrin. 
Plots (2 m × 2 m) of smooth brome grass (Bromus inermis) were 
treated with a battery-operated pump sprayer with each insec-
ticide at 0.25 g AI/m2. Field-collected mosquitoes, including 
Ae stimulans (Walker), Ae eudes Howard, Dyar and Knab, and 
Ae vexans (Meigen), from these treated sites were placed in 
plastic containers in the laboratory and mortality recorded up 
to 24 hours.14 When Ae eudes and Ae vexans were exposed to 
the brome grass immediately (day 0) after treatment, all insec-
ticides produced 100% mortality except for iodofenphos, which 
showed only 64% mortality. At day 15, mosquitoes exposed to 
permethrin-treated brome grass had a 97% mortality with that 
of malathion 6%, iodofenfos 0.5%, methoxychlor 3%, and 

carbaryl 0%. Permethrin had the longest effective residual time, 
7% mortality at day 33, with all other chemicals with no mor-
tality by day 26. In the comparison of the permethrin formula-
tions, the oil formulation resulted in the highest mosquito 
mortality (14%) of Ae eudes and Ae vexans at 9 days after mos-
quitoes were collected from the field. And in the comparison of 
various dosages of 1.25% permethrin, the highest dose 0.2 g 
AI/m2 had the longest residual effect (5% to 40 days mortality). 
When permethrin, fenvalerate, and cypermethrin were com-
pared, in both the 0.00625 and 0.01 g AI/m2 groups, cyperme-
thrin had the longest residual effect: 14% mortality at 16 days, 
4% mortality at 21 days.

A semi-field study in large screened enclosures looked at the 
residual effectiveness of Aqua Reslin 20 + 20 EC (20% perme-
thrin, 20% piperonyl butoxide [PBO]), Permanone EC (10% 
permethrin), and Suspend SC (4.75% deltamethrin) against Ae 
albopictus and Culex quinquefasciatus Say on potted wax myrtle 
(Morella cerifera).16 Plants were treated using a RL Flowmaster, 
Model 1025 HD hand pump. Suspend SC provided the best 
control over a 4-week period, followed by Permanone EC and 
Aqua Reslin 20 + 20 EC. The reported variation in efficacy 
among products was likely due to formulation type and new 
leaf growth on plants providing untreated harborages for the 
mosquitoes. Bioassays were conducted to test the effectiveness 
of Talstar One (bifenthrin 7.9%) and Demand Capsule 
Suspension (CS) (lambda-cyhalothrin 9.7%) against Ae albop-
ictus.30 In the same study, adult female Ae albopictus were 
exposed to deciduous tree leaves treated in the field using a 
STIHL SR 420 backpack sprayer with bifenthrin or lambda-
cyhalothrin or were untreated. No difference in mortality was 
observed in mosquitoes exposed to either insecticide, but mor-
tality was significantly higher in treated compared with 
untreated leaves at 6 weeks post treatment.

In laboratory bioassays, Cx quinquefasciatus was exposed to 
leaves from plants treated in the field using a Twister XL back-
pack sprayer with either AquaReslin (20% permethrin, 20% 
PBO), Anvil 10 + 10 ULV (10% d-phenothrin, 10% PBO), or 
Black Flag (0.2% resmethrin).17 The same study showed 90% 
mosquito mortality for permethrin for up to 1 week post appli-
cation.17 Leaves treated with AquaReslin (20% permethrin, 
20% PBO) resulted in mortality up to 3 weeks post application. 
In laboratory bioassays of leaves taken from plants treated with 
Talstar One (7.9% bifenthrin) using a modified pressure washer 
fitted with Teejet nozzles, >70% mortality was recorded in 
both Cx quinquefasciatus and Ae albopictus for up to 4 weeks.23

Laboratory behavior experiments46 found that Cx quinque-
fasciatus spent more time resting on surfaces treated with bifen-
thrin, lambda-cyhalothrin, and deltamethrin compared with Ae 
aegypti and An quadrimaculatus. Bifenthrin-treated papers had 
the fastest knockdown against the 3 species tested. The authors 
suggest “locomotory stimulant” replace the term “excito-repel-
lency” when describing the action of a chemical, as it more 
accurately describes how insecticide-treated surfaces influence 
mosquito behavior.46
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In a semi-field study,32 potted wax myrtle and azalea 
(Rhododendron simsii) plants were treated with Talstar One 
(7.9% bifenthrin) using a STIHL SR 420 backpack sprayer or 
an Electrolon BP 2.5 electrostatic sprayer. Following treat-
ment, plants were separated into groups and were placed in full 
sun or under a tree canopy to determine the impact of sunlight 
or moved into a greenhouse and exposed to simulated rainfall 
with plants receiving 24 cm of “rainfall.” Bioassays exposed Ae 
aegypti to single Talstar One treated leaves for 1, 4, and 24 hours. 
Differences in % knockdown were found between treatment 
methods, both plant species, and exposure to rainfall and/or 
sun. For example, at the 1-hour exposure period at week 4 for 
wax myrtle leaves treated with a backpack sprayer, % knock-
down was <70% for leaves not exposed to rainfall and <40% 
for leaves exposed to rainfall. At week 4 and 1-hour exposure 
for azalea leaves treated with the backpack sprayer, % knock-
down was <40% for leaves not exposed to rain and <20% for 
leaves exposed to rain. Regardless of treatment method or plant 
species, rainfall was the most important factor in removing 
bifenthrin from the leaf surface and decreasing % knock-
down.32 In laboratory bioassays,24 it was determined that desert 
vegetation (eg, Tamarax chinensis) treated with Talstar (bifen-
thrin 7.9%) using a STIHL SR 420 caused more than 50% 
mortality of Cx tarsalis Coquillet for 28 days. Doyle et al31 
found quick knockdown of Ae albopictus with Talstar One 
(bifenthrin 7.9%) applied by a hand compression sprayer in 
bioassays of various plant species in Florida. Plant species 
affected knockdown, with a variety of Rhododendron showing 
the longest residual efficacy and leaf shape and waxiness of the 
plant surface possibly playing an important role in the effec-
tiveness of the residual application.

The effect of insecticide-treated vegetation on Ae albopictus 
was reported20 using K-othrine SC 25 (deltamethrin 2.56%) 
and Aqua K-othrine (deltamethrin 2.03%) in Spain. 
Applications to vegetation in plots were made using a hand 
compression Solo 423 backpack sprayer and mosquitoes were 
exposed to treated leaves in the laboratory. Compared with 
studies in the United States with deltamethrin, the mortality 
period was shorter, with mortality for Aqua K-othrine-treated 
plants out to 12 days, and 5 days for K-othrine-treated plants.20 
In semi-field cages,21 male and female Ae albopictus were 
exposed to wax myrtle plants treated with 1 of 6 products: 
Cy-kick CS (6% Cyfluthrin), Masterline (7.9% bifenthrin), 
Tempo SC Ultra (11.8% β-cyfluthrin), Demand CS (9.7% 
lambda-cyhalothrin), Suspend SC (4.75% deltamethrin), and 
Talstar P (7.9% bifenthrin). Leaves were treated to maximum 
label rates of each insecticide using a 700 mL spray bottle. 
Mortality was assessed weekly with >90% mortality for 
4 weeks against Ae albopictus for all 6 products. Others34 
reported bioassays of leaves treated in the field with Demand 
(25 g/L lambda-cyhalothrin) using a STIHL SR 420 backpack 
sprayer against Ae aegypti. Treated leaves caused 100% mortal-
ity of exposed Ae aegypti at 5 weeks post application and 96% 
mortality at 14 weeks.

Two different machines were evaluated for barrier applica-
tions, the Elite 14S-300 SprayTeam Machine and the Tartaruga 
300/3 with 2 different insecticides, Microsin (cypermethrin 
10%, tetramethrin 2%, PBO 15%) and Etox 20/20 CE (etofen-
prox 20%, tetramethrin 3%, PBO 15%).35 After exposure to the 
2 insecticides, mosquitoes showed equal mortality after day 1 
(>90%), with Etox-exposed mosquitoes having a higher mor-
tality after 7 days (78%) versus Microsin (65%). However, in 
the same study, by day 14 post treatment, mosquitoes exposed 
to either insecticide showed nearly equal mortality (Etox 50% 
and Microsin 55%).

Fulcher et al28 conducted bioassays exposing Ae aegypti to 
leaves treated with Talstar P (7.9% bifenthrin) applied in the 
field with a mist sprayer (3WC-30-4P). The sprayer adequately 
covered foliage and mean mosquito mortality in bioassays 
against Ae aegypti indicated lethal coverage in vegetation 
treated out to 12 m. The greatest mean mortality was 51% at 
5.5 m and 80% at 2.7 m, indicating that plants closer to the 
applicator might receive higher levels of formulated product.28

Demand CS (9.7% lambda-cyhalothrin), Talstar P (7.9% 
bifenthrin), and Suspend Polyzone (deltamethrin 4.75%) were 
evaluated against Ae albopictus in laboratory bioassays.19 
Insecticide was applied using a STIHL SR 200 backpack 
sprayer. Two exposure times were evaluated to determine the 
validity of the standard 60 minutes and 24 hour exposure times. 
Mosquitoes were exposed at the standard times in 1 experi-
ment and were exposed to the treated leaves only for 5 minutes 
before being transferred to a clean vial in a second experiment. 
In both experiments, leaves were collected from each plant spe-
cies once a week for 12 weeks. In the standard 60-minute expo-
sure time, knockdown for lambda-cyhalothrin was >90% up to 
week 8, whereas bifenthrin knockdown was only >90% up to 
week 2 and for deltamethrin was not >70% for 10 weeks. No 
significant difference in knockdown was found between AIs 
for the 24-hour exposure group. For the 5-minute exposure 
group, knockdown at 60 minutes was >75% until week 8 for 
lambda-cyhalothrin, >80% for 2 weeks for bifenthrin, and was 
never >40% for deltamethrin. The 5-minute exposure, 24-hour 
mortality for lambda-cyhalothrin was >60% up to week 8, 
mortality was >80% up to week 2 for bifenthrin, and <40% 
for deltamethrin up to week 6.

Field Testing
The machines used to apply a barrier application are critical to 
the effectiveness of the application against mosquitoes. Also, 
comparing different methods of application (barrier vs ULV) is 
important in understanding when to choose a method and its 
impact on different mosquito populations and species. For 
example, conventional and electrostatic sprayers showed simi-
lar efficacy in barrier insecticide applications4 with the best 
deposition/residual coverage from equipment having the high-
est air velocity at the nozzle and the largest droplet sizes. The 
overall mean deposition of AIs on plant surfaces for all sprayers 
tested ranged from 8.8 to 20.8 ng/cm2. Leaves treated with 
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STIHL backpack sprayers showed significantly greater deposi-
tion on the top versus the bottom of leaves and peak deposition 
occurred 1 m into the vegetation.4 Farooq et al47 found that 
electrostatic sprayers were not effective for barrier spray appli-
cations. In the same study, droplets were measured on water-
sensitive cards at varying heights and depths to determine 
spray coverage. Droplet coverage was significantly affected by 
sprayer type, card depth, and vegetation height. Droplets 
from the electrostatic sprayers seemed to rapidly descend to 
the ground, while traditional sprayers had overall better 
droplet penetration into vegetation (eg, 1-3 m for the STIHL 
SR 420). Conversely, in a study of barrier treatments in the 
desert of Coachella Valley, California, vegetation treated 
with Talstar (bifenthrin 7.9%) using electrostatic applica-
tions reduced mosquito populations slightly more than the 
traditional backpack applications, but the difference was not 
statistically significant.24

To compare the impact of using a space spraying strategy 
versus a barrier spray in residential backyards, results were 
reported from testing a thermal fog machine (LongRay 
TS-35A) versus a barrier application using a Birchmeier REC 
15.39 Treatment of the property with the LongRay TS-35A 
using DUET (Sumithrin 5%, Prallethrin 1%, PBO 5%) 
resulted in a 1-week reduction of mosquitoes. The barrier 
application of Talstar P (bifenthrin 7.9%) using the Birchmeier 
REC 15 was made to vegetation at the same property once the 
landing counts returned to pre-thermal fog numbers.39 The 
barrier application suppressed mosquitoes significantly for 
3 weeks post application. Using Centers for Disease Control 
and Prevention (CDC) light traps baited with octenol, the 
impact of barrier applications and ULV applications on flood-
water mosquitoes such as Ae atlanticus Dyar and Knab, Ae 
infirmatus Dyar and Knab, and Psorophora columbiae Dyar and 
Knab was evaluated in northern Florida.3 Barrier applications 
of Talstar P (bifenthrin 7.9%) significantly reduced the number 
of Ae atlanticus and An crucians Weidemann for 6 weeks. The 
area treated with the barrier application alone had significantly 
fewer requests for treatment from the Anastasia Mosquito 
Control District (AMCD), Florida, during the study, com-
pared with the area that received only the ULV treatment 
alone. This was the first time that barrier sprays were shown to 
significantly decrease populations of these important pest mos-
quito species.3

Permethrin
In a trial in Guelph, Ontario, 25% permethrin EC and 1.25% 
permethrin EC were applied using a compressed air sprayer to 
backyards and a 10 to 15 m horizontal swath of the surround-
ing woods.14 Permethrin was applied at a rate of 0.7 g 
AI/100 m2. Human landing counts were used to evaluate the 
effectiveness of the applications and mosquito species were not 
reported. Differences in landing counts between treated and 
untreated control plots were significant up to 2 days post 

treatment. The authors reported that fewer mosquitoes 
(although not statistically significant) were collected in treated 
versus untreated plots until 7 days post treatment.14

Barrier treatments in North Carolina, using permethrin 
(10% EC, 30 mg AI/m2) and malathion (57% EC, 170 mg AI/
m2) were carried out using a Buffalo Turbine mist blower.15 
Human landing counts were used to evaluate mosquito abun-
dance pre- and post treatment. Landing activity decreased 80% 
to 90% at 1 and 24 hours sampling periods in both the areas 
treated with permethrin and malathion, compared with the 
untreated area. Landing counts of Ae sollicitans and Ae taenio-
rhynchus were significantly lower for vegetation treated with 
permethrin up to 8 days post treatment. Mosquito populations, 
however, returned to pre-treatment abundance 48 hours after 
malathion application.15

Deltamethrin
An aerial treatment of deltamethrin (1 mg AI/m2) mixed with 
mineral oil was applied to foliage surrounding 2 cities in the 
Dominican Republic using a Micromist 900 Spray System.5 
Light traps indicated mosquito suppression for up to 8 days 
post treatment. Investigators pointed out that mineral oil does 
not affect residual persistence due to the nonpolar nature of 
pyrethroids. However, the use of natural oils, such as soybean 
oil was suggested as a method to improve persistence of the AI 
on leaves because the oils may bind to their waxy coating.5

Properties treated with Suspend Polyzone (deltamethrin 
4.75%) by a private mosquito control company showed a fewer 
mosquitoes in CDC light traps baited with dry ice in Polyzone 
treated properties (5.5 and 4.6 per trap night) than in untreated 
control properties (6.6 and 8.0 per trap night).18 Eggs of Ae 
albopictus collected in Polyzone treated properties were lower 
(37 and 34 eggs per trap) than in the untreated control proper-
ties (49 and 44 eggs per trap); however, this difference was not 
significant. The same study showed no significant difference in 
the overall number of mosquitoes collected between bifen-
thrin- and deltamethrin-treated properties and Psorophora 
columbiae was the only species significantly reduced in treated 
versus untreated properties.

Lambda-Cyhalothrin
In Lexington, Kentucky, 2 studies were carried out looking at 
the impact of barrier treatments using a STIHL SR 420 back-
pack sprayer and Demand CS (lambda-cyhalothrin 9.7%). 
Mosquito populations were measured using a variety of sam-
pling methods such as human landing collections, sweep nets, 
ovitraps, CDC gravid traps, and CDC light traps baited with 
CO2. Applications of Demand CS showed 6 weeks of reduced 
populations and an 89% reduction in Ae albopictus populations 
versus controls, but did not show an impact on Cx pipiens L. 
populations.30 Also in Lexington, Kentucky, to determine if 
barrier applications to upper canopy versus lower canopy had a 
greater effect on Cx pipiens, Trout and Brown22 evaluated 
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Demand CS (lambda-cyhalothrin, 9.7%) and measured mos-
quito populations with CO2-baited traps hung at canopy and 
ground level. Gravid traps were also used for the evaluation at 
ground level. When mosquitoes were trapped using CDC light 
traps baited with CO2, an 8-week reduction of Culex spp. was 
reported in the treated canopies compared with no significant 
reduction in the untreated canopy. For the gravid trap collec-
tions, Culex spp. abundance in treated versus untreated sites, 
the authors felt that gravid females seeking oviposition sites 
might not have contacted the insecticide-treated vegetation, 
hence decreasing its effectiveness.

Demand CS (lambda-cyhalothrin 9.7%) was applied to 
vegetation and resting areas to control Ae albopictus in a resi-
dential yard in Beijing, China.33 The insecticide was applied 
using a Marumaya MD6026 backpack sprayer and mosquito 
numbers were measured using human landing rates. Mosquito 
landing rates in the treated yard were reduced by 98% com-
pared with landing rates in the untreated yard the day after the 
application and 95% at 9 weeks post application.33

In North Queensland Australia, Muzari et al34 reported that 
applications of Demand (25 g lambda-cyhalothrin/L) using a 
STIHL 420 backpack sprayer resulted in 87% to 100% control 
of mosquitoes collected with sweep nets in treated versus 
untreated controls over the first 9 weeks. These treatments sig-
nificantly reduced forest dwelling Verrallina spp. such as 
Verrallina lineata Taylor and Verrallina funerea Theobold.34

In New Jersey, the insect growth regulator (IGR), pyriprox-
yfen (Archer IGR, pyriproxyfen 1.3%) was added to lambda-
cyhalothrin (Demand CS, lambda-cyhalothrin, 9.7%)36 to 
determine if adding IGR improved mosquito control in barrier 
applications. No significant decrease in the number of collected 
mosquitoes was found between properties that had lambda-
cyhalothrin + pyriproxyfen versus properties treated with 
lambda-cyhalothrin alone. The same study also treated proper-
ties with pyriproxyfen alone and found no significant decrease 
in mosquito numbers collected compared with the untreated 
controls. These studies support another study29 that also 
reported in New Jersey that area-wide treatments of vegetated 
plots using a STIHL SR 420 to apply NyGuard IGR 
Concentrate (10% pyriproxyfen) did not decrease the number 
of Ae albopictus collected in Biogents (BG) Sentinel traps ver-
sus untreated controls. No evidence was found of autodissemi-
nation of pyriproxyfen from these applications to vegetation.37

Bifenthrin
Barrier treatments using a STIHL SR 420 backpack sprayer 
applied Talstar One (bifenthrin 7.9%) to vegetation in residen-
tial neighborhoods in Lexington, Kentucky, reduced Ae albop-
ictus populations, but not Cx pipiens L. populations.30 Mosquito 
populations were measured using a variety of sampling meth-
ods such as human landing collections, sweep nets, ovitraps, 
CDC gravid traps, and CDC light traps baited with CO2. 
Bifenthrin was effective in controlling Ae albopictus for up to 

6 weeks with an 85% reduction for bifenthrin versus untreated 
controls.30

In Santa Rosa Beach, Florida, Cilek23 found that Talstar 
One (7.9% bifenthrin) applied with a modified pressure washer 
using Teejet nozzles, reduced mosquito populations (consisting 
of 18 species) in a treated area over 6 weeks, but statistically 
significant reductions varied from week to week. Following the 
application of bifenthrin, there was a 91% reduction in mos-
quito abundance in the treated area; however, during week 2 
post treatment, more mosquitoes were collected in traps in the 
treated plot than in the untreated plot. Mosquitoes were col-
lected using ABC light traps baited with CO2.

In a study of vegetation barriers in the desert of Coachella 
Valley, California, vegetation treated with Talstar (bifenthrin 
7.9%) resulted in significantly fewer mosquitoes collected in 
Encephalitis Virus Surveillance (EVS) traps baited with dry 
ice for 28 days following applications.24

Hurst et al25 found that treating vegetation in the backyards 
of suburban homes in Queensland, Australia, with Bifex 
AquaMax (100 g bifenthrin/L) significantly reduced the num-
bers of Ae vigilax (Skuse) collected in light traps and human 
landing counts for 8 weeks following application. This sup-
ported another study38 (cited in Hurst et al25) where Bistar 
80SC (80 g bifenthrin/L) also significantly decreased Ae vigi-
lax numbers in Hervey Bay, Queensland, for 6 weeks. However, 
numbers of other important human-biting species (ie, Cx 
annulirostris [Skuse], Coquillettidia xanthogaster [Edwards], 
and Mansonia uniformis [Theobold]) were not significantly 
reduced by the application.

The successful use of barrier treatments was reported at 4 
sites over a 4-year period by AMCD in Florida using Talstar 
One (bifenthrin 7.9%).26 Three field sites were treated using a 
hand compression sprayer and 1 site was treated with a flo-jet 
pump with a 40° flat fan nozzle. Mosquito populations includ-
ing Ae sollicitans, Ae taeniorhynchus, Ae albopictus, Ae atlanticus, 
Ae infirmatus, Cx nigripalpus Theobald, Psorophora columbiae 
(Dyar and Knab), and Culiseta melanura (Coquillett) were 
measured at 2 sites using human landing counts and at 1 site 
using a CDC light trap baited with dry ice and at 1 site using 
a Mosquito Magnet X trap (MMX) with dry ice.26 Regardless 
of the site or collection method, barrier applications signifi-
cantly reduced mosquito numbers for up to 3 weeks.26

The efficacy of a private pest control company barrier appli-
cations of Bifen I/T (bifenthrin 7.9%) was evaluated using 
CO2-baited CDC light traps and CO2-baited BG Sentinel 
traps and larval surveillance at private residences in eastern 
North Carolina.27 Overall, the number of mosquitoes was 
reduced significantly in treated versus untreated properties on 
average by 54% but as high as 74%. Differences were found 
between Aedes spp. (as high as 69%) and Culex spp. (32%) but 
Anopheles spp. and Culiseta spp. showed little or no difference 
between treated and untreated properties over the 16 week 
study.27 In testing treated and untreated leaves, a greater 
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amount of residual bifenthrin was detected from treated prop-
erties; no correlation was observed between residual levels of 
bifenthrin and number of mosquitoes collected.

In St Augustine, Florida, a novel sprayer, 3WC-30-4P was 
tested28 against floodwater mosquitoes with Talstar P (7.9% 
bifenthrin). Using CDC light traps to collect the mosquitoes in 
treated and untreated plots, mosquito numbers in treated and 
untreated areas were significantly reduced, for a 4-week period, 
with a mean reduction of 77%.28 Also in St Augustine, vegeta-
tion was treated in a cemetery with Talstar P (bifenthrin 7.9%) 
and a STIHL SR 420 backpack sprayer.29 Using BG Sentinel 
traps baited with BG lure and black oviposition cups, a signifi-
cant reduction in the eggs and adults of Ae albopictus up to 
4 weeks post application was reported compared with pre-
application collections.29

Cypermethrin
In Italy, to find new ways to control Ae albopictus, 2 different 
machines were compared for barrier applications,35 the Elite 
14S-300 SprayTeam Machine and the Tartaruga 300/3 with 2 
different insecticides, Microsin (cypermethrin 10%, tetrame-
thrin 2%, PBO 15%) and Etox 20/20 CE (etofenprox 20%, 
tetramethrin 3%, PBO 15%). In the aforementioned study, the 
Tartaruga 300/3 outperformed the Elite 14S-300 with the for-
mer having a reduction of 60% in human landing counts after 
14 days vurses 40% in the latter.

Conclusions
For more than 70 years, MCPs have taken advantage of the 
mosquito’s resting behavior to target vegetation with resid-
ual applications of insecticides. Private pest control compa-
nies have had a long-standing role in mosquito control and 
routinely control mosquitoes in localized geographic areas 
such as private events (parties and weddings) and/or at pri-
vate residences “on demand.”48 The barrier treatment indus-
try, generally conducted by private pest control companies, 
has thrived, in part, due to off-patent inexpensive and effec-
tive pyrethroid adulticide AIs, such as bifenthrin. In addi-
tion, the IGR pyriproxyfen is gaining popularity in barrier 
treatments and, in some cases, synergists (eg, PBO) are 
being incorporated.

This review reflects the diversity of mosquito species tar-
geted by MCPs, different methods used to test best practices, 
and the relatively limited number of effective insecticides cur-
rently available. Despite the volume of research on this topic, 
many details remain to be investigated and questions unan-
swered to improve the effectiveness of barrier treatments. A 
lack of understanding of where, when, and what species of 
mosquitoes rest in the barrier vegetation in varied habitats in 
different geographic locations is the most glaring gap in our 
knowledge. Most knowledge of barrier applications is based on 
indirect sampling of mosquitoes with traps or observation 
through landing collections, but a thorough understanding of 

mosquito resting, and types of vegetation they prefer, would 
allow for more targeted applications and limit potentially inef-
fective barrier applications. For example, more information is 
needed on the importance of treating tree canopies and if pow-
ered aspirators should be incorporated to collect mosquitoes 
instead of host-seeking traps. Some of the studies cited here 
lacked replication and we show the diversity of application 
methods used between studies; hence caution is advised when 
interpreting results. This highlights the need to develop stand-
ardized assessment methods for barrier treatments.

Three other important knowledge gaps include the extent 
to which barrier applications may (1) contribute to insecticide 
resistance, (2) affect risk of arbovirus transmission, and (3) 
affect non-target organisms. State and local health depart-
ments, MCPs, and private pest control companies should 
consider partnering with universities and the CDC to under-
stand the extent to which barrier and other types of mosquito 
control treatments may be evaluated using standardized 
methods. Collaboration between different agencies poten-
tially can improve targeted techniques for barrier applica-
tions, integrate novel control technologies to manage 
“backyard” mosquitoes, and potentially reduce the impact of 
mosquito-borne disease.

Due to the wide range of environmental and other factors 
that can potentially influence the effectiveness of an AI or for-
mulated product used in barrier treatments, it is difficult to 
pinpoint which application method and AI/product would be 
most effective. It is known that rainfall decreases the length of 
time an AI is effective and plant species, plant density/type, 
and the equipment used to apply the insecticide all play a role 
in efficacy of mosquito suppression. In addition to increased 
collaboration, efforts should be made by organizations such as 
the American Mosquito Control Association (www.mosquito.
org) to standardize laboratory bioassays, semi-field, and field 
study methods used to evaluate AIs/formulated products used 
in barrier treatments. Standardization of the methods will 
improve our ability to compare study results and allow for bet-
ter interpretation of the efficacy of an AI in a given habitat. 
Methods to evaluate environmental impacts of the applications 
should also be standardized and used to regularly assess the 
impact on mosquito susceptibility to the AIs as well as the 
impact on non-target organisms (eg, bees). The effects of 
insecticide applications must be analyzed with respect to other 
environmental impacts on non-target organisms such as hous-
ing development and other sources of habitat loss. Both pest 
and vector mosquito species can be controlled using barrier 
treatments. Future studies should go beyond basic efficacy tri-
als and attempt to target specific mosquito species of interest 
(ie, public health importance, nuisance) based on an under-
standing of their behavior (eg, resting areas, flight range). As 
for any MCP, insecticide resistance monitoring should take 
place routinely to ensure that the most efficacious AI/product 
is being used.
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