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ABSTRACT

 Automated misting systems have become popular with the public for ‘do-it-yourself’ mosquito control around residences. 
However, these systems have largely been evaluated as whole systems without attention to key components such as the nozzle design. 
The nozzle designs directly atomize bulk liquid into an aerosol, a critical function of any spray delivery system. In this study we 
investigated the atomization performance of single nozzles from three manufacturers – Gman, Freezanz, and MistAway, and their 
efficacy at three pressures against adult Aedes aegypti mosquitoes in a laboratory wind tunnel. There was significant difference among 
flow rates from the three nozzles at all three pressures, with the highest flow rate from the Gman nozzle. The difference in mean 
volume median diameter (DV0.5) among the three nozzles was significant and generally smaller droplets were produced by the Gman 
nozzle. For all three nozzles droplets became smaller and the flow rate became higher with increasing pressure. However, the mean 
mosquito mortality from sprays of synergized permethrin as well as mortality at any pressures were not significantly different across 
the three nozzle types. There was no correlation between pressure and 24-h mortality for all nozzles. Despite the apparent equivocal 
performance against mosquitoes across all three nozzle types, we discuss operational implications of significant differences in flow rate 
across the tested nozzles that should be considered when using these systems. 
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INTRODUCTION

Automated misting systems have received considerable 
attention from homeowners for reduction of nuisance 
and disease vector mosquitoes at their properties (Farooq 
et al. 2024). These misting systems spray predetermined 
quantities of adulticides or essential oil repellents at pre-
defined schedules or on demand to control mosquitoes or 
nuisance flies within small perimeters such as a back yard, 
patio, or outdoor work area (Cilek et al. 2008; Aldridge et 
al. 2018). 

However, these systems have faced opposition from 
the professional mosquito control community due to 
concerns of unrestricted use and low efficacy contributing 
to pesticide resistance (CDC 2022; AMCA 2024). One 
of the major gaps in acceptance is lack of sufficient data 
demonstrating and measuring relative efficacy of misting 
systems. Several investigations have evaluated the efficacy 
of misting systems in reducing or repelling mosquito 

populations from defined areas (Cilek et al. 2008; Revay 
et al. 2012, 2013; Thomson et al. 2016; Aldridge et al. 2018; 
Farooq et al. 2024) but have not adequately evaluated the 
potential role of atomization and nozzle design. 

Atomization, a key component of any spray system, 
is the conversion of bulk liquid into a dispersion of small 
droplets ranging in diameter from submicron to several 
hundred microns (Lefebvre 2011) that are required 
for space sprays to reach insects such as mosquitoes in 
flight or while resting in refugia such as in vegetation 
around a home. Manufacturers of automated misting 
systems for mosquito control tend to use proprietary 
nozzle designs. However, variation in nozzle design has 
not been considered in previous studies of automated 
misting systems for mosquito control. We conducted 
experiments to compare nozzles from three misting 
system manufacturers for their atomization performance 
and efficacy against colony-reared adult Aedes aegypti 
mosquitoes under a controlled environment in a wind 
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tunnel. The objective was to determine whether variation 
in nozzle design could relate to variations in atomization 
and mosquito control capability. 

MATERIALS AND METHODS 

Misting Nozzles. We selected misting nozzles from 
three manufacturers, Freezanz (Freezanz System, Pisa, 
Italy), Gman (Gman Mosquito Misting Systems, Ponte 
Vedra Beach, FL), and MistAway (MistAway Systems, 
Houston, TX), to evaluate in this study. All nozzles were 
evaluated as single nozzles operating at pressures of 1300, 
1550, and 1800 kPa. The spray liquid at these pressures was 
supplied to all nozzles by a Freezanz misting system (Farooq 
et al. 2024) for comparison under similar conditions. 
The Freezanz system consisted of two formulation tanks, 
one mixing tank, and two pumps. The mixing tank was 
equipped with fill level sensors, a flow meter, and one 
pump, and the misting system was controlled via Bluetooth 
through an Android tablet. The mean flow rate for each 
nozzle at each pressure was determined by calculating the 
average volume of water discharged by each nozzle in 30 s 
across 3 sprays. 

The droplet size spectrum of each nozzle at each of 
the three pressures while spraying water was determined 
with an Artium Phase Doppler Interferometer (PDI), 
model PDI-TK1 (Artium Technologies, Inc. Sunnyvale, 
CA) which can measure droplets from 0.5 – 149.5 μm. For 
each measurement at each pressure the PDI-TK1 provided 
data on DV0.1, DV0.5, and DV0.9, the droplet diameters (μm) 
where 10, 50, and 90 % of the spray volume is contained in 
droplets smaller than these diameters, respectively (ASTM 
2004). Each droplet size measurement lasted for 30 s and 
was replicated 3 times for each nozzle, and the average was 
determined for each nozzle type and pressure. 

Mosquitoes. Aedes aegypti L. from the St Augustine 
2016 strain were used in this experiment. Mosquitoes were 
reared and maintained in the Anastasia Mosquito Control 
District insectary, St. Augustine, FL, at a temperature of 
27 ± 1 °C and relative humidity of 70 ± 10 %. Larvae were 
fed on fish meal (Tetramin Tropical Fish Flakes) and a 
solution of 10% sucrose was provided ad libitum for adult 
feeding. 

Wind Tunnel. Nozzle spray experiments were 
conducted in a modulator wind tunnel as described by 
Rodriguez et al. (2022). The wind tunnel has a 52 x 52 x 
156 cm test section which is open on the upwind side and 
diverges into an exhaust pipe (168 cm long, 14.7 cm diam.) 
equipped with a suction fan at its downwind end to draw 
air through the test section at 1 km/h and to remove the 
sprayed liquid out of the room. 

Spray Experiments. The effectiveness of each test 
nozzle in controlling mosquitoes at each of the three 
pressures was evaluated by applying a set volume of 
pesticide toward sentinel mosquitoes in the wind tunnel 
for three replicates for each pressure. For each replicate, 
twenty five 5-7-day-old female Aedes aegypti mosquitoes 
confined in 10 cm diameter bio-assay cages with two sides 
covered with screen were placed in the wind tunnel about 
1.5 m from the nozzle and in the cross-sectional centre of 
the test section. For each test nozzle replicate at each of 
the three pressures, Aqualuer 20-20™ adulticide (20.6 
% permethrin and 20.6 % PBO) (AllPro Vector Inc., 
Bloomington, MN) diluted 600 times with water was 
sprayed for 1 s through the test nozzle into the wind tunnel. 
Before each trial with pesticide, three control replicates 
were conducted with water and sentinel mosquitoes for 
each test nozzle at each of the three pressures. Between 
each of the three tested nozzles, the wind tunnel inner 
surfaces were cleaned with water and then exposed to UV 
light for 2 h to decontaminate. 

After establishing the cages in place, spray was 
released for 1 s and the cages were held in place for 1 min 
post-spray before removal. Mosquitoes were then stored 
in separate control and treatment incubators maintained 
at 27 ± 1 °C temperature, 70 ± 10% relative humidity, 
and a 14L:10D photoperiod and provided with 10% sugar 
solution. Mortality was recorded at 1 and 24 h post-
application. 

Data Analysis. Data analyses were performed 
using JMP version 15.2.0 (SAS Institute, Cary, NC). 
The normality of all data sets was assessed using the 
Kolmogorov-Smirnov (K-S) test and was found non-
normal. Thus, a nonparametric Wilcoxon test was used 
to assess the significance of the effect of nozzle type on 
flow rate, droplet characteristics represented by DV0.5, 
and mortality at the 0.05 level of significance. The means 
comparison was done using Wilcoxon for each pair test 
of nonparametric analysis. The effect of pressure on flow 
rate, droplet characteristics, and mortality was determined 
using regression analysis. 

RESULTS 

The difference in mean flow rate between three 
nozzles was significant (χ2 = 23.2, df = 2, p < 0.0001). 
Flow rate was highest for the Gman nozzle (108.1 ± 6.4 
mL/min), followed by the Mistaway nozzle (51.0 ± 1.8 
mL/min) and the Freezanz nozzle (38.0 ± 1.5 mL/min). 
The difference in flow rate from all three nozzles was 
significant at operating pressures of 1300 kPa (χ2 = 7.3, 
df = 2, p = 0.026), 1550 kPa (χ2 = 7.3, df = 2, p = 0.027) 
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Table 1. Mean flow rate of water from the three tested nozzles at three different pressures.

* The means in a column having similar letters are not significantly different at 0.05 level of significance.

Nozzle type Mean ± SE flow rate 
mL/min

Mean ± SE flow rate, ML/min at pressures of

1300 kPa 1550 kPa 1800 kPa

Freezanz 38.0 ± 1.5 C* 32.8 ± 0.4 C 38.0 ± 0.5 C 43.2 ± 0.6 C 

Gman 108.1 ± 6.4 A 82.5 ± 0.1 A 120.3 ± 0.3 A 121.5 ± 0.4 A 

MistAway 51.0 ± 1.8 B 44.9 ± 0.4 B 50.9 ± 0.7 B 57.1 ± 0.7 B

	 FR = a + b x P           (1) 

Where: 

	 FR = Flow rate, mL/min 

	 P = Pressure in kPa from 1300 – 1800 kPa. 

The values of a and b for three nozzles are given in Table 2

Table 2. Parameters of correlations between flow rate and pressure for the three tested nozzles.

Nozzle type a* b* F statistic p-value R2

Freezanz 5.71 0.0208 249.4 <0.0001 0.97

Gman -12.60 0.0779 23.8 0.0018 0.77

MistAway 13.36 0.0243 229.7 <0.0001 0.97

*The a and b are constants in equation 1.

The difference in mean volume median diameter 
(VMD or DV0.5) between three nozzles was significant (χ2 
= 9.9, df = 2, p = 0.0071). The mean VMD was highest 
for the Freezanz nozzle (49.1 ± 1.8 μm), followed by the 
MistAway (47.7 ± 108 μm) and the Gman (42.7 ± 0.9 μm). 
The difference in VMD for all three nozzles was significant 
at operating pressures of 1300 kPa (χ2 = 7.2, df = 2, p = 

0.027) and 1550 kPa (χ2 = 7.3, df = 2, p = 0.027), but not at 
1800 kPa (χ2 = 5.4, df = 2, p = 0.067). The trend in VMD for 
1300 kPa pressure was like the mean VMD but not for 1550 
and 1800 kPa pressures (Table 3). The VMD of all three 
nozzle types decreased with increase in pressure and had 
a negative correlation. The change in VMD with pressure 
can be represented by the following equation.

Table 3. Mean VMD of the three tested nozzles measured with PDI spraying water at three pressures.

Nozzle type Mean ± SE VMD, μm Mean ± SE VMD, μm at pressures of

1300 kPa 1550 kPa 1800 kPa

Freezanz 49.1 ± 1.8 A 55.7 ± 1.1 A 46.7 ± 0.5 B 44.7 ± 1.7 A

Gman 42.7 ± 0.9 B 44.9 ± 1.3 C 43.7 ± 0.2 C 39.4 ± 0.8 A

MistAway 47.7 ± 1.0 A 50.0 ± 0.8 B 48.6 ± 0.4 A 44.7 ± 1.7 A
*The means in a column having similar letters are not significantly different at 0.05 level of significance.

and 1800 kPa (χ2 = 7.2, df = 2, p = 0.027). For each nozzle 
type, the trend in flow rate at different pressures was not 
significantly different from the mean flow rate (Table 1). 
The flow rate for all three nozzles increased – but not 

significantly – with increasing pressure and had a positive 
correlation. The change in flow rate with pressure can be 
represented by the following equation. 
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	 VMD = c + d × P 		 (2)

Where:

	 VMD = volume median diameter, μm

	 P = Pressure in kPa from 1300 – 1800 kPa.

	 The values of c and d for three nozzles are given in Table 4.

Table 4. Constant parameters of correlations between VMD and pressure for the three tested nozzles.

Nozzle type c* d* F statistic p-value R²

Freezanz 83.28 -0.0221 25.1 0.0015 0.78

Gman 59.50 -0.0109 16.3 0.0050 0.70

MistAway 64.28 -0.0107 12.3 0.0099 0.64

*The c and d are constants in equation 2.

The mean 24-h mosquito mortality was not 
significantly affected by nozzle type (χ2 = 0.22, df = 2, p = 
0.896). The mean mortality was highest for the MistAway 
nozzle (86.2 ± 4.7%), followed by Gman (78.8 ± 6.9%) 
and Freezanz (77.9 ± 7.2 %). The mortality was also not 

significantly affected by the choice of any of the three 
nozzles at operating pressures of 1300 kPa (χ2 = 1.54, df 
= 2, p = 0.46), 1550 kPa (χ2 = 4.04, df = 2, p = 0.133), and 
1800 kPa (χ2 = 0.06, df = 2, p = 0.972). The detailed mean 
mortality is presented in Table 5.

Table 5. Mean 24-h mortality of Ae. aegypti (St. Augustine 2016) when exposed to synergized permethrin sprayed in a wind tunnel 
using three nozzle types at three pressures.

There was no correlation between pressure and 24-h 
mortality for the Freezanz (F = 0.56, p = 0.47, R² = 0.033), 
Gman (F = 0.76, p = 0.40, R² = 0.045), nor MistAway (F = 
0.83, p = 0.38, R² = 0.049) nozzles.

Nozzle type Mean ± SE mortality, % Mean ± SE percent mortality at pressures of

1300 kPa 1550 kPa 1800 kPa

Freezanz 77.9 ± 7.2 86.6 ± 7.0 74.0 ± 16.4 73.2 ± 14.0

Gman 78.8 ± 6.9 86.0 ± 14.0 79.1 ± 12.0 71.3 ± 10.8

MistAway 86.2 ± 4.7 84.6 ± 6.7 100.0 ± 0.0 74.0 ± 10.7
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DISCUSSION 

Automated misting systems for mosquito control 
are becoming popular with homeowners despite caution 
from mosquito control professionals that the systems 
may not be effective. The current study focused on a key 
component of misting systems – the nozzles and whether 
variation across three nozzle designs could impact 
production of droplets (atomization) and performance 
at killing mosquitoes with pesticide. The tested nozzles 
were all hydraulic nozzles, for which the flow rate and 
droplet spectrum may change with the pressure at which 
spray material is supplied to the nozzle. The comparison 
parameters in this study were spray delivery rate, droplet 
spectrum, and mortality of caged Ae. aegypti when the 
nozzles were used to spray a synergized permethrin 
pesticide formulation at 1300, 1550, and 1800 kPa pressures 
in a wind tunnel under controlled conditions. 

Among the three nozzles tested, the Gman delivered 
spray material at 1.8 – 3.1 times higher rate than that of the 
Freezanz or MistAway nozzles at all three tested pressures. 
This higher flow rate will drive specific operational 
requirements such as the need for using more water to 
dilute pesticide compared with systems with lower flow 
rates. Also, because of the higher delivery rate, there may 
be a limit on how many nozzles can be used at a time on 
a Gman misting system before the spray pump reaches its 
capacity thereby protecting a smaller maximum area and/
or potentially reduced spray time as the tank is exhausted 
more rapidly. To compensate for higher delivery rates, 
spray tanks must be larger, which may cause logistical 
issues. 

The difference in DV0.5 among the three nozzles, 
although significant, was small. The Gman nozzle, despite 
having considerably higher flow rate, produced smaller 
droplets which can have an advantage when controlling 
flying mosquitoes. If this nozzle had a flow rate comparable 
with the Freezanz and MistAway nozzles, the droplets 
produced may have been even smaller. The droplets for all 
nozzles became smaller with increase in pressure which is 
typical with hydraulic nozzles. 

The mean 24-h mosquito mortality as well mortality 
at different pressures was not significantly affected by 
nozzle type in this experiment, although the Gman nozzle 
sprayed a higher volume of pesticide per test. Mortality 
also did not change significantly with pressure. When 
looking at the ultimate performance of the nozzles 
from the perspective of mosquito mortality, all three 
nozzles performed similarly. However, the Gman nozzle 
as discussed earlier will use higher amounts of water 
and will need more frequent filling of the spray tank 

and may limit the overall system in terms of the size 
of the protected area. Our findings demonstrate the 
value of comparative testing in future investigations of 
misting system efficacy, such that relative performance 
outcomes may be determined, and operationally relevant 
recommendations be made to manufacturers, consumers, 
and mosquito control professionals alike. 

One aspect of misting system spray application 
that may produce an additive effect is the deposition of 
pesticides on nearby ground, vegetation, or structures 
resulting from these sprays. For example, if these systems 
can be installed at such locations that the spray also 
deposits on nearby vegetation, the misting system may 
kill flying mosquitoes but may also kill resting mosquitoes 
that contact the residual pesticide barrier (Aldridge et 
al. 2020). This attribute may protect the premises during 
the times when the spray systems are not active, and this 
barrier will also be regularly refreshed when the spray 
system is activated. 

It is worth mentioning that automated misting systems 
can be beneficial for areas where regular mosquito control 
services are not available. The traps capable of counting 
and identifying mosquitoes as they are captured are at an 
advanced stage of development (Gonzallez-Perez et al. 
2022; 2024) and could be integrated with misting system 
automations to trigger sprays at pre-determined collection 
rates of certain species. Such a novel advancement, in 
particular, if combined with spray automations that 
consider local weather conditions – could increase the 
efficacy and acceptability of misting systems. 
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