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Abstract: Spray droplet size has long been recognized as an important variable that applicators of vector control sprays must be 
aware of to make the most effective spray applications. Researchers and applicators have several different techniques available to 
assess spray droplet size from spray nozzles. The objective of this study was to compare the droplet size spectrum produced by three 
nozzles commonly used in vector control in a high-speed wind tunnel, when characterized using three different laser-based droplet 
size measurement systems.  
Three droplet sizing systems: Malvern Spraytec laser diffraction, Sympatec HELOS laser diffraction, and TSI Phase Doppler Particle 
Analyzer (PDPA), were simultaneously operated, but under different operating conditions, to measure the spray droplet size-spectra 
for three spray nozzles. The three atomizers: a TeeJet® 8001E even flat fan nozzle, a BETE® PJ high pressure fog nozzles, and a Micro-
nair® AU5000 rotary atomizer were evaluated in a high speed wind tunnel at airspeeds of 53 and 62 m/s (120 and 140 mph). Based on 
the results of this work, only the BETE® PJ high pressure fog nozzles met the label requirements for both Fyfanon® and Anvil®. While 
the other nozzle might met the Dv0.5 (VMD – volume median diameter) requirement for Fyfanon®, the resulting Dv0.9 values exceeded 
labeled size restrictions. When applying Anvil with the BETE PJ high pressure fog nozzles, it is important to use the smaller two ori-
fice sizes. The larger sizes tended to result in Dv0.9 values that exceeded label recommendations.

Key words: aerial application, atomization, mosquito working parameters, nozzles, spray nozzles, vector control 

INTRODUCTION
Arthropod vectors are typically controlled with either 

ground or aerially applied insecticides.  Droplet size is 
one of the most important factors with respect to adult 
mosquito control. For this reason, the application tech-
nologies being used must generate sprays that are effi-
cacious and meet the specifications required by product 
labels. Ledson and Matthews (1992) recommended using 
sprays with volume median diameters (Dv0.5 – the droplet 
diameter such that 50% of the spray volume is comprised 
of droplets of equal or lesser value ≡ VMD – volume me-
dian diameter) less the 30 µm. This recommendation was 
further supported by the World Health Organization 
(WHO 2006a, 2006b). Similar size recommendations were 
reported by others, including Mount (1985), who report-
ed an optimum size range between 8 and 15 µm, Haile 
et al. (1982) who reported peak mortality with droplets 
between 7 and 22 µm, and Clayton and Sander (2002) 
who reported the optimal range of droplets for mosquito 
control to be between 10 and 30 µm. 

Labeled droplet size restrictions for pesticide prod-
ucts used in vector control operations typically set Dv0.5 
(VMD) values between 8 and 30 µm. Droplet size restric-
tions further require that no less than 90% of the spray 
volume consist of spray droplet less than 50 µm. For 
aerial applications, Fyfanon® ULV Mosquito insecticide 
(EPA Reg. No. 97760-34, Cheminova, Research Triangle 
Park, NC, active ingredient: Malathion) states that “spray 
equipment must be adjusted so the volume median di-
ameter (VMD ≡ Dv0.5) produced is less than 60 µm (Dv0.5 
< 60 µm) and that 90% of the spray is contained in drop-
lets smaller than 100 µm (Dv0.9 < 100 µm)”. The label for 
Anvil® 10+10 ULV insecticide (Clarke Mosquito Control, 
Roselle, IL, active ingredients: 10% Sumithrin and 10% 
Piperonyl butoxide) states that “for aerial applications, the 
VMD is 8 to 30 µm (8 < Dv0.5 < 30 µm) and that 90% of the 
spray be contained in droplets smaller than 50 µm (Dv0.9 
< 50 µm)”. Users are required to select application equip-
ment and operational parameters that produce sprays 
that meet these label restrictions.
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Over the past 6 years, collaborative efforts between the 
U.S. Department of Agriculture, Agricultural Research 
Service Aerial Application Technology (AAT) group in 
College Station, Texas, and the U.S. Navy – Navy Ento-
mological Center of Excellence (NECE) in Jacksonville, 
FL have focused on evaluating various vector control ap-
plication technologies used by deployed warfighters. To 
date, these evaluations have focused on the measurement 
of the spray droplet spectrum resulting from application 
made using handheld, backpack, and truck-mounted 
ultra-low volume (ULV), and thermal and cold fogging 
technologies (Hoffmann et al. 2007a, 2007b, 2008, 2009). 
This work is a continuation of these collaborative efforts. 
The focus of our work is on evaluating aerial technolo-
gies, used for adult control.

Typical hydraulic nozzles used to apply agricultural 
protection products, are not capable of producing drop-
let mean diameters in the sub 30 µm size range as re-
quired for vector control operations (Kirk 2007). How-
ever, there are spray nozzles that are reportedly being 
used effectively in aerial adult control studies or spray 
programs. Clayton and Sander (2002), and Dukes et al. 
(2004a) reported on the use of flat fan nozzles oriented 
45° into the oncoming airstream, while Clayton and 
Sander (2002), Mabbett (2002) and Lothrop et al. (2007) 
reported using rotary atomizers. Another nozzle, the 
BETE PJ nozzle (BETE Fog Nozzle, Inc., Greenfield, MA), 
is used both by the Pasco County Mosquito Control Dis-
trict (Pasco County, FL) and the Beach Mosquito Control 
District (Bay County, FL).

The first objective of this work was to evaluate the 
performance of flat fan nozzle (TeeJet® 8001E), misting 
(BETE PJ) nozzles, and the rotary atomizer (Micronair 
AU5000) used in aerial adult control applications under 
typical application airspeeds and operational setups. The 
second objective was to provide guidance to users so they 
can comply with insecticide label requirements.

MATERIALS AND METHODS

Nozzles Tested
–	 Based on the three types of nozzles identified earlier, 

three specific nozzles were chosen for these tests (Fig. 1).  
The three types are described below: 

–	 TeeJet® 8001E (even) flat fan nozzle (Spraying Sys-
tems®, Wheaton, IL).
The nozzle was orientated at 135° (45° into the air-

stream – Fig. 1). Tests were conducted at 276 and 410 kPa 
(40 and 60 psi) liquid pressures, which corresponded to 
flow rates of 0.53 and 0.64 l/min (0.14 and 0.17 gal/min).

–	 BETE PJ high pressure fog (misting) nozzles (BETE 
nozzles, Thomas Agency, Winter Park, FL).
Four different PJ nozzles were evaluated: PJ15, PJ20, 

PJ24, and PJ32. The number after the PJ denotes the ori-
fice diameter in 1/1,000 of an inch (PJ15 – orifice diameter 
of 0.015 inches). At a liquid pressure of 6.9 MPa (1,000 
psi), the flow rates for the PJ15, PJ20, PJ24 and PJ32 noz-
zles were 0.72, 1.29, 1.89, and 3.41 l/min (0.19, 0.34, 0.50 
and 0.90 gal/min), respectively. All four PJ nozzles were 

Fig. 1.	 Nozzles evaluated in the laser comparison study. Each nozzle is shown while spraying in a high velocity airstream
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orientated at 0° (i.e. straight back and parallel to the air-
stream). The nozzles were evaluated at pressures: 6.9 and 
10.3 MPa (1,000 and 1,500 psi).  

– Micronair AU5000 rotary atomizer (Micron Sprayers 
Limited, Herefordshire, UK).
The blades on the atomizer were set at Blade Position 

#4 to give an approximate rotational speed of 10,000 rpm 
in a 63 m/s (140 mph) airstream, as confirmed by an op-
tical tachometer. The AU5000 atomizer was evaluated at 
138, 276, and 410 kPa (20, 40, and 60 psi) liquid pressures, 
with #2 and #4 restrictor orifices to control flow rate. The 
Micronair atomizer was mounted in a fixed position so 
that the axis of rotation was parallel to the airstream.

Measurement of the Spray Droplet Spectrum
As this was a collaborative effort between research en-

tities, several droplet sizing instruments were included; 
the USDA ARS ATT’s Sympatec HELOS laser diffraction 
system; Manatee County’s Malvern Spraytec laser dif-
fraction system, and NECE’s TDI Phase Doppler Particle 
Analyzer (PDPA). It should be noted that this work was 
not designed to directly compare the measurement sys-
tems, but rather to evaluate the nozzles. Comparisons 
between system results are limited to whether or not the 
use of these different systems would result in the same 
recommendation of use for a particular nozzle and setup. 
Brief operational information and setups of the different 
systems are included below. 

The Sympatec HELOS laser diffraction droplet sizing 
system (Sympatec Inc., Clausthal, Germany) uses a 623 nm 
He-Ne laser and was fitted with an R5 lens, for a dynamic 
size range from 0.5 µm to 875 µm in 32 sizing bins. A fork-
lift mounted frame suspended the system in such a way 
that the laser beam was centered vertically downwind of 
the tunnel outlet. Due to this mounting technique, the last 
channel (i.e. sizing bins) of the HELOS system was turned 
off because background vibrations created a “spiked” 
reading in this last channel. This channel was not turned 
off if any droplets were measured within two sizing bins. 
This did not occur during our study as no droplets greater 
than 515 µm in diameter were measured during any of the 
atomization tests.

The Malvern Spraytec laser diffraction particle size 
analysis system (Malvern, Instruments Ltd. UK) uses 
a 670 nm laser diode with a beam scan diameter of 
10 mm. The Insitec RTSizer (“Real-time Sizer”) for Win-
dows (ver. 5.41) software collected data in real time at up 
to 2.5 kHz. Model-independent analysis was incorporated 
with correction for “multiple scattering”. The laser was 
mounted on Malvern’s long bench which provides a 500 
mm spray gap, and was fitted with a 450 mm focal length 
lens having a working distance of 675 mm. The lens used, 
provided a droplet measurement range of 2.25 µm to 850 
µm – distributed over 30 sizing bins.

The 2D Phase Doppler Particle Analyzer (PDPA) sys-
tem (TSI Inc., Shoreview, MN) consists of a laser head, 
beam color separator and splitter, fiber optic transmit-
ter, receiver, and a signal processor. The head generates 
an argon ion laser that has a power range of from 0 to 
6 W. The beam separator separates the incident beam 
into green (514.5 nm), blue (488 nm), and cyan (476.5 nm) 

colors. It also splits each color beam into two beams of 
equal intensity. One of each of these beams is shifted in 
frequency by 40 MHz. The shifted and non-shifted beams 
are transported to the transmitter through fiber optic 
cables. The same color beams are converged to cross at 
the focal length, depending upon the lens installed on 
the transmitter. For the current study, the transmitter had 
250 mm lens while the receiver had 300 mm lens. The set 
up resulted in a measurable droplet size range of 0.6–211 
μm. Each droplet is measured independently and 50,000 
to 200,000 droplets were measured during each capture 
(i.e. replication). The bin size was set at 1 μm with a total 
of 210 bins, although up to 5,000 bins could be used. The 
PDPA reported droplet number and volume distribution 
as well as velocity distribution.  

Testing Procedure
All tests were conducted at the high speed wind 

tunnel (HSWT), at USDA–ARS in College Station, TX 
(Fig. 2). The USDA–ARS HSWT consists of a high speed 
centrifugal blower powered by a 48.5 kW (65 hp) gaso-
line engine. The blower speed is controlled by adjusting 
the engine’s throttle. The high speed air generated by 
the blower, exhausts through a 30x30 cm outlet. Prior to 
leaving the outlet, the high speed air passes through air 
straighteners mounted inside the tunnel. The air veloc-
ity is measured directly at the outlet, using a Pitot tube 
attached to an airspeed indicator. A 30 cm section of 
aircraft boom is mounted directly at the tunnel’s outlet 
(Fig. 1 – TeeJet® 8001E even flat fan nozzle). The boom 
is affixed to a pair of linear slides and a linear motor to 
traverse the nozzle vertically. In this way, the entire spray 
plume traverses the optical path of the laser measure-
ment systems. The boom section is plumbed to a pres-
sured spray tank. The center of the boom has a fitting to 
mount the required check valves and nozzles. A pressure 
gauge is also plumbed to the boom to monitor pressure 
at the nozzle. The selected spray nozzles were tested at 
54 and 63 m/s (120 and 140 mph) of air velocity. During 
the tests, the air temperature ranged from 20–27°C (68–
80°F) and relative humidity ranged from 65–90%. Since 
the spray solution was an oil, and all measurements were 
made within 0.6 m of the nozzle, evaporative effects on 
droplet size were negligible.

The test solution used in this evaluation was BVA 13 
ULV Oil (Severely Hydro-treated Paraffinic Oil, Adapco 
Inc., Sanford, FL), which is a commonly used material 
in vector control applications. All measurements were 
made with two of the three systems mounted downwind 
of the nozzles: Sympatec and Malvern, then Sympatec 
and PDPA (Figs. 2, 3). Again, this was not done to com-
pare systems, but rather to provide a data quality check 
between measurement replications to insure that nozzle 
and wind tunnel operational setups remained consistent.

Droplet Size Parameters
The spray droplet size data were determined and 

reported as a mean (µm) and standard deviation corre-
sponding to the data measured during the three replica-
tions for each combination of nozzle, airspeed, and/or 
pressure. Means and standard deviations of the volume 
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median diameter (VMD or Dv0.5), Dv0.1 and Dv0.9 across the 
three replicated measurements taken at each operational 
setup point were determined (American Society for Test-
ing Materials International 2004). The Dv0.5 (VMD) is the 
droplet diameter where 50% of the spray volume is con-
tained in droplets smaller than this value. Similarly, the 
Dv0.1 and Dv0.9 values are the diameters at which 10 and 
90%, respectively, of the spray volume, is contained in 
droplets of this size or less. Similar to previous studies 

(Hoffmann et al. 2007a, 2007b, 2008, 2009), the objective 
of this work was to evaluate the operational performance 
of the individual nozzles. For this reason, the results are 
presented for each nozzle with no comparison or rating 
between nozzles. Each set of nozzle data is further sepa-
rated by the measurement system with no comparison 
between systems. As a means of discussing the data, the 
labeled droplet size recommendations presented earlier 
for Fyfanon® and Anvil® are discussed.  Ultimately, us-

Fig. 2.	 Malvern Spraytec and Sympatec HELOS particle size measurement systems positioned at the exit of the high speed wind tun-
nel (HSWT)

Fig. 3.	 Phase Doppler Particle Analyzer (PDPA) and Sympatec HELOS particle size measurement systems positioned at the exit of the 
high speed wind tunnel (HSWT)
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ers can review the droplet size data presented in tables 
1–4 to determine if the droplet size requirements for the 
product they are spraying are met by the different atom-
izers tested.

RESULTS
The measured droplet sizes for the three nozzles op-

erating under the specified conditions are shown in tables 
1–4.

Micronair AU5000 Rotary Atomizer
Generally, spray pressure increase corresponded to an 

increase in flow rate. These increases mean that droplet 
size also increased (Table 1). This increase is droplet size 
with pressure is consistent with the published literature 
(Hooper and Spurgin 1995; Teske et al. 2005). Looking 
at the Fyfanon® label requirement for Dv0.5 < 60 µm and 
Dv0.9 < 100 µm, measurements from both laser diffraction 
systems indicated that use of the Micronair AU5000 (at 
the operational settings tested) is not acceptable for aerial 
applications. However, the PDPA system returned mea-
surements that are acceptable. One potential reason for 
this, is that while the laser diffraction systems measure 
a composite traverse across the spray plume, the PDPA 
only measures droplets passing through a small (1 mm²) 
area. For this study, the mechanized structure needed to 
traverse the PDPA through the entire spray plume was 
not available, so the measurements recorded are repre-
sentative of a vertical traverse through the center of the 
spray plume. This means that any variation in the spray 

plume to either side of center, was not captured in the 
PDPA measurements that were captured by the laser 
diffraction systems. The Anvil® label requirements of 
8 < Dv0.5 < 30 µm and Dv0.9 < 50 µm and nozzle setup as 
measured by any of the three systems were not met.

BETE PJ High Pressure Fog (Misting) Nozzles
For both the 54 and 63 m/s airstreams, droplet size in-

creased as the orifice size increased and decreased as the 
spray pressure increased (Tables 2, 3). The Fyfanon® label 
requirements were met for all the operational setups and 
measurements systems in the 54 m/s airstream, except for 
the Dv0.9 requirement for the larger orifice setups as mea-
sured by the PDPA systems. Similarly, the Anvil® require-
ments were met for all the operational setups and mea-
surement systems except for the larger orifice setups with 
all measurement systems. These trends hold for the same 
operational setups measured in the 63 m/s airstream.

TeeJet® 8001E Even Flat Fan Nozzle
The two spray pressures used, had little consistent 

effect on the measured droplet size. However, as ex-
pected, an increase in airspeed decreased the droplet size 
(Table 4). While a few of the measured Dv0.5 (VMD) values 
resulting from the operational setups met the Fyfanon® 
label requirements, none of the operational setups for any 
of the measurement systems met the Dv0.9 requirement. 
Likewise, none of the operational setups evaluated by the 
three measurement systems met the Anvil® label require-
ments.

Table 1.	 Droplet sizes for the Micronair AU5000 rotary atomizer measured in a 63 m/s (140 mph) airstream with BVA 13 ULV Oil

Sympateca

Restrictor position liquid pressure 
(kPa (psi)]

Dv0.1
b ±SD 

[µm]
Dv0.5

b±SD 

[µm]
Dv0.9

b ±SD 

[µm]

2
138 (20) 24.9±0.6 60.8±0.4 106.1±2.9
276 (40) 24.6±4.2 66.8±4.3 118.4±2.9
410 (60) 23.5±0.2 67.9±0.4 122.6±1.1

4
138 (20) 23.5±1.2 68.1±2.0 108.8±3.9
276 (40) 26.1±0.2 74.3±0.7 121.1±1.5
410 (60) 22.9±0.3 61.3±0.8 131.3±1.9

Malvern

Restrictor position liquid pressure 
[kPa (psi)]

Dv0.1±SD 

[µm]
Dv0.5±SD 

[µm]
Dv0.9±SD 

[µm]

2
138 (20) 16.7±0.1 57.9±0.5 160.0±18.8
276 (40) 20.7±1.0 69.4±2.4 213.7±60.5
410 (60) 21.9±0.2 70.0±0.2 145.5±2.5

4
138 (20) 22.5±0.7 69.4±1.0 128.4±5.0
276 (40) 24.2±0.1 72.9±0.6 144.9±5.2
410 (60) 17.3±0.2 59.5±0.2 151.5±1.7

PDPA

Restrictor position liquid pressure 
[kPa (psi)]

Dv0.1±SD 

[µm]
Dv0.5±SD 

[µm]
Dv0.9±SD 

[µm]

2
138 (20) 19.4±1.5 47.0±3.0 84.8±9.7
276 (40) 23.0±0.4 53.5±1.1 91.3±2.5
410 (60) 24.7±0.4 54.6±0.4 96.9±1.7

ameans and standard are across the three replicated measurements taken at each operational setup point; bthe Dv0.5 is the droplet di-
ameter (µm) where 50% of the spray volume is contained in droplets smaller than this value. Dv0.1 and Dv0.9 values are the diameters 
at which 10 and 90%, respectively, of the spray volume is contained in droplets of this size or less; SD – standard deviation
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Table 2.	 Droplet sizes for the BETE PJ high pressure fog nozzles measured in a 54 m/s (120 mph) airstream with BVA 13 ULV Oil

Sympateca

Nozzle type liquid pressure 
[kPa (psi)]

Dv0.1
b±SD 

[µm]
Dv0.5

b±SD 

[µm]
Dv0.9

b±SD 

[µm]

PJ15
6,900 (1000) 6.2±0.1 23.2±0.3 42.2±0.6
10,300 (1500) 3.6±0.1 20.4±0.1 36.2±0.1

PJ20
6,900 (1000) 7.7±0.6 28.5±0.3 51.2±2.0

10,300 (1500) 3.1±0.0 23.6±0.3 40.6±0.4

PJ24
6,900 (1000) 7.8±0.1 27.1±0.1 49.4±0.3

10,300 (1500) 3.2±0.1 22.3±0.3 40.0±1.0

PJ32
6,900 (1000) 13.7±0.8 41.3±0.8 66.2±1.2

10,300 (1500) 8.8±1.9 33.2±1.1 52.0±1.0
Malvern

Nozzle type liquid pressure 
[kPa (psi)]

Dv0.1±SD 

[µm]
Dv0.5±SD 

[µm]
Dv0.9±SD 

[µm]

PJ15
6,900 1000) 5.8±0.2 23.7±0.4 46.9±0.4

10,300 (1500) 4.3±0.1 19.7±0.1 38.5±0.2

PJ20
6,900 (1000) 7.2±0.1 27.9±2.1 53.3±0.2
10,300 (1500) 4.8±0.0 22.2±0.5 44.4±1.1

PJ24
6,900 (1000) 9.6±0.3 29.7±0.3 57.5±0.5
10,300 (1500) 5.3±0.1 23.9±0.1 46.3±0.4

PJ32
6,900 (1000) 17.7±1.0 43.3±1.2 77.7±0.7

10,300 (1500) 8.6±0.2 31.6±0.3 56.2±1.0
PDPA

Nozzle type liquid pressure 
[kPa (psi)]

Dv0.1±SD 

[µm]
Dv0.5±SD 

[µm]
Dv0.9±SD 

[µm]

PJ15
6,900 (1000) 13.2±0.1 22.1±0.3 35.0±1.7
10,300 (1500) 13.6±0.1 21.5±0.3 32.0±0.7

PJ24
6,900 (1000) 16.1±0.5 29.7±1.6 118.3±8.3

10,300 (1500) 16.6±0.4 29.5±1.2 98.8±7.2

PJ32
6,900 (1000) 15.2±1.3 22.8±1.5 114.2±20.3

10,300 (1500) 15.8±1.1 24.0±1.6 81.7±6.8

ameans and standard are across the three replicated measurements taken at each operational setup point; bthe Dv0.5 is the droplet di-
ameter (µm) where 50% of the spray volume is contained in droplets smaller than this value. Dv0.1 and Dv0.9 values are the diameters 
at which 10 and 90%, respectively, of the spray volume is contained in droplets of this size or less; SD – standard deviation

Table 3.	 Droplet sizes for the BETE PJ high pressure fog nozzles measured in a 63 m/s (140 mph) airstream with BVA 13 ULV Oil

Sympateca

Nozzle type liquid pressure 
[kPa (psi)]

Dv0.1
b±SD 

[µm]
Dv0.5

b±SD 

[µm]
Dv0.9

b±SD 

[µm]

PJ15
6,900 (1000) 6.2±0.2 22.6±0.2 41.9±0.3

10,300 (1500) 3.9±0.1 19.6±0.2 35.4±0.2

PJ20
6,900 (1000) 5.6±0.2 24.7±0.2 44.6±0.1

10,300 (1500) 3.5±0.1 20.6±0.2 36.9±0.1

PJ24
6,900 (1000) 7.4±0.3 28.2±0.4 51.2±0.4
10,300 (1500) 3.8±0.4 23.6±0.7 41.7±1.4

PJ32
6,900 (1000) 12.7±0.4 40.0±0.7 65.1±1.3
10,300 (1500) 6.3±1.9 30.9±1.2 50.2±1.3

Malvern

Nozzle type liquid pressure 
[kPa (psi)]

Dv0.1±SD 

[µm]
Dv0.5±SD 

[µm]
Dv0.9±SD 

[µm]

PJ15
6,900 (1000) 5.6±0.1 23.0±0.3 47.6±0.3
10,300 (1500) 4.9±0.1 19.4±0.1 39.0±0.2

PJ20
6,900 (1000) 6.2±0.1 25.1±0.0 49.1±0.9
10,300 (1500) 4.5±0.1 20.1±0.6 41.2±0.9

PJ24
6,900 (1000) 9.2±0.4 29.3±0.3 56.9±0.4

10,300 (1500) 5.5±0.3 23.6±0.7 52.2±12.5

PJ32
6,900 (1000) 17.5±0.3 42.3±0.3 75.5±1.0

10,300 (1500) 8.1±0.8 30.3±1.3 56.4±3.1
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DISCUSSION
The state of FL has 52 mosquito control programs, with 

an annual budget in 2006–2007 of approximately $150 mil-
lion dollars (Latham 2008). In many of these programs, 
the aerial application of adulticides from helicopters and 
fixed-wing aircraft, make up the greatest percentage of 
acreage sprayed for mosquito control. The presented data 
will help applicators select spray equipment and opera-
tional parameters that support a particular spray mission. 
Latham and Barber (2007) concluded that based on opera-
tional evaluations in a number of mosquito control dis-
tricts, sprays that created a Dv0.5 (VMD) in the 25–35 µm 
range, provided the best control of adult mosquitoes. 

Spray droplet size is a critical factor that impacts 
the efficacy of products applied to control mosquitoes 
and other disease carrying arthropods. Accordingly, 
evaluating the spray droplet size resulting from select 
application technologies used, is needed prior to field 
scale treatment. The objective of this work was to evalu-
ate a number of typical aerial application nozzles and 
operational setups used for vector control operations, 
so the suitability of the nozzles and operational setups 
for applying selected adulticides could be determined. 

Based on the results of this work, only the BETE PJ high 
pressure nozzles met the label requirements for both Fy-
fanon® and Anvil®. While the other nozzle might meet 
the Dv0.5 (VMD) requirement for Fyfanon®, the resulting 
Dv0.9 values exceeded the labeled size restrictions. When 
applying Anvil® with the BETE PJ high pressure nozzles, 
it is important to use the smaller two orifice sizes (PJ15 
and PJ20). The larger orifice sizes (PJ24 and PJ32) tend to 
result in Dv0.9 values that exceed label recommendations. 
These conclusions support studies conducted by Dukes 
et al. (2004a, 2004b), who reported higher mortality and 
lower ground depositions for high pressure nozzles as 
compared to flat fan nozzles.
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PDPA

Nozzle type liquid pressure 
[kPa (psi)]

Dv0.1±SD 

[µm]
Dv0.5±SD 

[µm]
Dv0.9±SD 

[µm]

PJ15
6,900 (1000) 13.5±0.2 22.5±0.2 36.2±1.1
10,300 (1500) 13.3±0.4 21.5±0.3 32.6±0.4

PJ24
6,900 (1000) 16.0±0.2 28.3±0.8 97.9±2.3
10,300 (1500) 16.9±0.4 29.2±0.9 87.3±4.3

PJ32
6,900 (1000) 14.0±0.2 21.3±0.2 76.4±9.2
10,300 (1500) 14.4±0.3 21.9±0.3 74.0±4.7

ameans and standard are across the three replicated measurements taken at each operational setup point; bthe Dv0.5 is the droplet di-
ameter (µm) where 50% of the spray volume is contained in droplets smaller than this value. Dv0.1 and Dv0.9 values are the diameters 
at which 10 and 90%, respectively, of the spray volume is contained in droplets of this size or less; SD – standard deviation

Table 4.	 Droplet sizes for the TeeJet® 8001E even flat fan nozzle measured at a 135º orientation to the airstream with BVA 13 ULV Oil

Sympateca

air speed 
m/s [mph]

liquid pressure 
[kPa (psi)]

Dv0.1
b±SD 

[µm]
Dv0.5

b±SD 

[µm]
Dv0.9

b±SD 

[µm]

54 (120)
276 (40) 18.7±0.2 56.7±0.3 127.3±2.4
410 (60) 20.1±0.4 71.0±6.0 146.4±3.2

63 (140)
276 (40) 15.8±0.8 56.8±2.6 113.0±6.3
410 (60) 14.7±0.3 52.4±0.8 104.4±0.3

Malvern
air speed 

m/s [mph]
liquid pressure 

[kPa (psi)]
Dv0.1

b±SD 

[µm]
Dv0.5

b±SD 

[µm]
Dv0.9

b±SD 

[µm]

54 (120)
276 (40) 32.4±4.0 74.4±7.0 178.5±13.3
410 (60) 30.1±0.9 68.3±1.1 157.3±3.6

63 (140)
276 (40) 22.2±11.5 62.8±7.9 204.7±82.3
410 (60) 24.7±0.6 64.4±2.0 308.6±112.1

PDPA
air speed 

m/s [mph]
liquid pressure 

[kPa (psi)]
Dv0.1

b±SD 

[µm]
Dv0.5

b±SD 

[µm]
Dv0.9

b±SD 

[µm]

63 (140)
276 (40) 37.6±2.2 71.1±4.7 128.9±2.8
410 (60) 32.7±1.2 57.7±2.4 106.5±9.9

ameans and standard are across the three replicated measurements taken at each operational setup point; bthe Dv0.5 is the droplet di-
ameter (µm) where 50% of the spray volume is contained in droplets smaller than this value. Dv0.1 and Dv0.9 values are the diameters 
at which 10 and 90%, respectively, of the spray volume is contained in droplets of this size or less; SD – standard deviation
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