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Abstract. Objectives of this study were to determine the effects of various drift retardant chemicals on
droplet size, spray pattern, and spray drift reduction of sprays from an XR 8004VH fan-pattern nozzle.
Results indicated that, at recommended rates, Nalco-trol provided the largest increase in volume median
diameters of the sprays followed by Direct, Target, Driftgard, and Formula 358. All drift retardants creatd
patterns with greater volume toward the center than sprays of water only. Cumulative deposits beyond
0.5m downwind increased for all drift retardants when the wind velocity was increased from 2.0 to 4.0 m/s.
The least amount of downwind deposit beyond 0.5m at 4.0 m/s was with Nalco-trol followed by Target,
Driftgard, Direct and formula 358.

Introduction

Due to increasing concerns about crop production costs and environmental pollu-
tion, it is essential to apply pesticides with precision and care. A very large portion of
pesticides are applied in the form of sprays using hydraulic pressure nozzles. Spray
drift can occur from these applications. Drift is undesirable because it may result in
inefficient use of pesticides, ineffective pest control, pollution of air and water
resources, and losses and/or costly litigation if sensitive crops in adjacent fields are
damaged.

Although complete elimination of spray drift is very difficult, its magnitude can

be reduced significantly if factors which enhance creation of drift can be altered or
eliminated. Spray droplet size is a major factor affecting drift. Small droplets, if depo-
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sited on the target, provide better coverage and this usually results in increased con-
trol of some pests. However, small droplets are susceptible to drift. Large drops are
less susceptible to drift, but may result in inadequate spray coverage at low spray
application rates. Reichard ez al. [1] determined drift distances for droplets dis-
charged downward with 20 m/s velocity toward a target 0.5m below point of dis-
charge. They found that for wind velocity of 4 m/s and 60% relative humidity, 100 and
200 um diameter droplets drifted 5.1 and 0.28m, respectively, downwind.

Spray droplet size distribution from a given atomizer can be altered by changing
the physical properties of the spray mixture such as viscosity by adding drift retardant
chemicals to the spray mixture. There are many drift retardant chemicals commer-
cially available to pesticide applicators. However, the information related to the per-
formance of these products is limited.

The objectives of this study were to determine the changes that occur in droplet
size and volume distributions of a fan nozzle, and the amount of spray drift when
some commercially available drift retardant chemicals are added to the spray mix-
ture.

Materials and Methods

The XR 8004VH nozzle (Spraying System Co.(") delivered 1.5 1/min at 276 n
kPain a flat pattern with 80° spray angle. The nozzle has a hardened stainless steel tip.
Tests were conducted to determine droplet size and spray volume distributions, and
spray drift both with drift retardants and water, and water only. The drift retardants
used were: Direct, Driftgard, Formula 358, Nalco-trol, and Target. The first four
drift retardant are liquid formulations, and Target is a powder formulation. Active
ingredients, and concentrations used in tests are givenin Table 1. The spray mixtures
consisted of distilled water and a fluorescent tracer with each of the five drift retar-
dants. Tinopal CBS-X fluorescent tracer, at a concentration of 0.1 g/1 of distilled
water, was used to trace the spray deposits. Concentrations of the drift retardant for-
mulations were 0.634, 0.156, 6.26 and 0.547 ml/1 of water for mixtures with Direct,
Driftgard, Formula 358, and Nalco-trol, respectively. The mixture of Target and
water contained 0.37g of Target per liter of water. These were either recommended
by the company sales representives or mid range of the lable recommendations.

® Reference to a proprietary product or company is for specific information only and not to imply
approval or recommendation of the product by The Ohio State University or the USDA to the exclusion
of others that may be suitable.
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Table1. Drift retardants, active ingredients (AI), and concentrations of AI used in tests

Drift retardant Active ingredient (AI)* %AI* %AlLin mixture
Direct Polyacrylamide polymer (Pap) 30 0.019
Driftgard AnionicPap 25 0.004
Formula 358 Pap 1 0.006
Nalco-trol Acrylamide polymer 30 0.016
Target Polymers of acrylamide, acrylate

and saccharides : 30 0.011

* Source: Harvey, L.T. [2]

Droplet size tests

Droplet size spectrums of the spray mixtures with drift retardants, and water
only, were measured, and Volume Median Diameters (D, ;) of droplets were deter-
mined using a 2600C Malvern particle size analyzer. To better understand the overall
droplet size distributions across the spray pattern, a weighted volume median diame-
ter, designated as D_ ,, was calculated. This was accomplished by measuring volumes
of amount of the liquid sprayed at 10 cm intervals across the swath (9 points), and
using this data in conjunction with the droplet size measurements taken at each of
these 9 positions. Detailed information about the system and the procedures used to
measure droplet sizes is given by Ozkan et al. [3].

Spray pattern tests

After the droplet size tests were completed, we determined the spray distribu-
tion patterns of the nozzle using an automated, computerized spray pattern analysis
system, described by Ozkan and Ackerman [4]. It consists of a pumping system, a
spray table, and an automated weighing and data acquisition system. The spray noz-
zle was mounted 0.5 m above the patternator table and sprayed onto it while an elec-
tronic balance with container traversed the bottom of the patternator table. A roller
pump delivered spray solution from a tank to the nozzle. A spray pressure of 276 kPa
was maintained during all tests.

Spray drift tests

The spray drift tests were conducted in a wind tunnel with 3.7 mlong test section
(0.61 m wide and 0.91 m high). Details of the structure of the wind tunnel and mea-
surements of wind velocity, turbulence intensity, temperature and relative humidity
were described by Reichard et al. [5]. Simulated winds with about 2.0, 3.0and 4.0 m/s
velocities and 4.0% turbulence intensity were used in all tests in the wind tunnel.
Experimental conditions for the spray drift tests are given by Ozkan ez al. [6]. Two
replicate tests were conducted for each combination of wind velocity and drift retar-
dant used in this study.
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The nozzle was mounted in the test section of the wind tunnel at 0.67 m above
the wind tunnel floor, midway across the width of the tunnel and 2.5 m upwind from
the downstream end of the test section. The long axis of the spray pattern from the
nozzle was across the width of the tunnel. Flow to the nozzle was controlled with a sol-
enoid valve. A timer was used to keep the valve open five seconds during each test.
Liquid was delivered to the nozzle at 276 kPa from a container pressurized with air
from an air supply line.

A strip of cotton fabric (10 x 170 cm) was used as the target to collect spray drift
downwind from the atomizer. The nozzle was 0.5m above the target. The target sur-
face was placed 0.17m above the wind tunnel floor to avoid collecting any rebounding
droplets from the wind tunnel floor. The target was placed in the center of the wind
tunnel and with its long axis parallel to the wind direction. There were some unusu-
ally large drops created because of low liquid presure at the orifice of the nozzle dur-
ing the brief period of starting or stopping spray. The large drops fell vertically onto
the floor of the wind tunnel. To avoid collecting these large drops, the upwind side
of the target was placed 0.3m downstream from the nozzle.

Three cotton string targets hung vertically from the top of the wind tunnel and
attached to the center and two sides of the downstream end of the plywood strip for
each test. Each string was about 0.1 cm diameter and 70 cm long, and its projected
area against the wind was about 7 cm?. The strings were used to collect samples of the
airborne droplets above the downstream end of the cloth strip.

Immediately following each spray, the strip of cloth was cut into 17 square sam-
ples (10 x 10 cm). Each sample was placed into a glass bottle, and the bottles were
stored in refrigerator. At time of analysis, 30 ml of distilled water was added to each
bottle, and the bottle was shaken for 3 min to remove the tracer from the sample. The
wash solution was analyzed with a fluorometer (Turner Model 112).

Results and Discussion

Effect of drift retardants on droplet size

The results of droplet size measurements obtained from spray mixtures with and
without the drift retardant chemicals are shown in Fig. 1. The graph indicates the D_
values of droplets measured at 10 cm increments along the X axis. The data near the
edges of the spray patterns for several tests are greatly different from the rest of the
curve. However, the flow rate and number of drops at the edges of the patterns were
much less than in the centers of the spray patterns.
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Fig. 1. D, ; (VMD) distributions from an XR 8004VH nozzle spraying mixtures containing
drift retardants, and water only.

Figure 1 shows that Nalco-trol provided the largest D , values across most of the
spray pattern. Direct, Target, and Driftgard resulted in smaller D values. Formula
358 resulted in the smallest increase in D values when compared with water only.
The drift retardants that were more effectlve in increasing D, values also caused
greater droplet size near the edges of the spray pattern compared to those at the
center. Larger droplets at the edges of the pattern are characteristic of these types of
flat fan nozzles even when spraying only water. However, this difference in droplet
size was greater for the drift retardants that were more effective in increasing overall
D, values.

The mixture that contained Nalco-trol had the greatest Weighted Volume
Median Diameter (D ;) value followed by Direct, Target, Driftgard, and Formula
358 with values of 332 325, 283, 262, and 211 pm, respectively. These values rep-
resented 63.0,59.8, 38.9, 28.6, and 3.5 percent increases respectively, in Dv over the
204 um D_, value for water. 4

For mixtures with different drift retardants, we also determined the percent
reduction (relative to a water spray) in spray volume contained in droplet sizes less
than 100, 150 and 200 pm diameter. In comparison to spraying water only, all drift
retardants reduced portion of small droplets in the spray but at varying magnitudes.
For instance, Nalco-trol caused the highest reduction (62.6%) in the portion of spray
volume in droplets less than 200 microns, followed by Target, Direct, Driftgard and
Formula 358 with reductions of 61.4, 55.8, 34.5 and 23.1%, respectively.
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Effect of drift retardants on spray pattern

Figure 2 shows spray patterns associated with spray mixtures containing drift
retardants, and water only. There was little difference in the shapes of the spray pat-
terns of water and spray mixtures containing drift retardants, except those containing
Nalco-trol and Direct. Spray patterns associated with Driftgrad, Formula 358, and
Target were triangular shaped with a sharp peak at the center. The pattern from the
Nalco-trol mixture was rounded at the center with the sides of the pattern bulged out
more than the patterns from the spray mixtures with the other four drift retardants.
Similarly the pattern from the direct mixture bulged out on the sides but it had sharp
peak at the center unlike the Nalco-trol pattern. In general all drift retardants caused
patterns with lesser volume of spray at the edges and greater volume toward the
center than that of water only.
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Fig. 2. Spray distributions from an XR 8004VH nozzle spraying mixtures containing drift
retardants, and water only.

Effect of drift retardants on reducing drift

Figure 3 shows the amounts of cumulative deposits on the horizontal Targets
beyond various distarces downwind from the 8004 VH nozzle for various drift retar-
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dants when wind velocity was 2.0 m/s. Each spray deposit value shown in Fig. 3 rep-
resents the sum of deposits from a downwind distance to 2.0m downwind from the
nozzle. The mean tracer deposits on the 10 X 10 cm samples from two feplicate tests
were used in the calculations of the cumulative deposits. Nalco-trol, Target, Direct,
and Driftgard reduced spray drift as evident from the total deposit beyoned 0.5m in
Fig. 3. The curve of cumulative deposit for distilled water without drift retardant is
higher than the curves for spray mixtures with Nalco-trol, Target, Direct, and
Driftgard (Fig. 3). Total drift deposits beyond 0.5m increased for all drift retardants
when the wind velocity was increased from 2 m/s to 4 m/s. For example, total deposits
beyond 0.5m were reduced 34.1, 42.1 and 17.6% respectively for wind velocities of
2.0, 3.0 and 4.0 m/s when the spray mixture contained Target instead of only water
and tracer.
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Fig. 3. Cumulative downwind spray deposits for drift retardants, and water only, sprayed
from an XR 8004VH nozzle when wind velocity was 2.0 m/s.

Spray deposit data in Fig. 3 appears to indicate that the concentration used, the
mixture containing Formula 358 dose not reduce spray drift depposits. This drift
retardant resulted in greater total deposits beyond 0.5m for wind velocities of 2.0,3.0
and 4.0 m/s than from sprays containing only water and tracer. One reason for this is
that drift retardants make the spray pattern narrower and produce greater flow rates
in the centers of the patterns, and the drift targets were located on a line through the
centers of the patterns.
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Figure 4 shows deposits collected on the vertical cotten strings at 2.0m downwind
from the 8004VH nozzle when wind velocities were 2.0, 3.0 and 4.0 m/s. Each data
point in Fig. 4 is the mean tracer deposit on the projected area of the three strings (21
cm?). Most of the deposits on the strings were close to the bottoms of the strings that
were attached to the support for the horizontal targets. For nearly all drift retardants
and wind velocities, deposits of airborne droplets on the strings were less than for
sprays containing only water and tracer. The deposits of airborne droplets with the
mixture containing Formula 358 on the strings is greater than deposits from the mix-
ture of distilled water and tracer in 3.0 and 4.0 m/s wind velocities. Spray mixtures
containing Nalco-trol or Target resulted in the least amount of deposit on the strings.
When the wind velocity was 3.0 m/s, spray containing only water with tracer resulted
in deposits 4.8 and 3.6 times greater than the sprays with Nalco-trol and Target,
respectively, Deposits on the strings increased with increased wind velocity especially
for the spray mixture without drift retardants. Drift deposits on the strings were 5.2
and 3.3 times greater for spray without drift retardant than for spray containing
Target at wind speed of 2.0 and 4.0 m/s, respectively.
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Fig.d. Effects of wind velocities on deposities collected on vertical strings for sprays contain-
ing drift retardants, and water only with tracer, from an XR 8004 VH nozzle.
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Conclusions

1. Of all the drift retardants used in the experiments, Nalco-trol provided the
largest increase (63%) in weighted volume median diameter (Dv 5) relative to water
sprays. Increases in D, with Direct, Target, Driftgard, and Formula 358 were 59.8,
38.9,28.6,and 3.5% rcspectlvcly All drift retardants reduced portion of small drop-
lets in the spray.

2. All drift retardants caused spray patterns with greater volume in the center
than for sprays with water only.

3. Total deposits on the horizontal target at 0.5 to 2.0m downwind from the
8004VH nozzle increased for all drift retardants when the wind velocity was increased
from 2 m/s to 4 m/s. The least amount of deposit at 2.0 m/s was with Nalco-trol fol-
lowed by Direct, Target, Driftgard, and Forumula 358. At 4.0 m/s wind speed, Nalco-
trol had the lowest amount of deposits beyond 0.5m followed by Target, Driftgard,
Direct, and Formula 358.

4. In general, a comparison of the spray deposits from mixtures containing drift
‘retardants on horizontal targets and vertical strings indicated that Nalco-trol and
Target were the most effective in reducing spray drift followed by Direct, Driftgard,
and Formula 358.
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