XtendiMax® with VaporGrip® Technology Arizona Field
Trial Volatility and Spray Drift Results (Part 2)
T O M O R R / OFF-TARGET ASSESSMENT LEAD

INTRODUCTION
Since the November 2016 registration of XtendiMax® with VaporGrip® Technology, Bayer has performed numerous additional field off-target movement
studies and assessments in a variety of environments across the U.S. and Australia that reaffirm XtendiMax is a low-volatility dicamba product. Bayer
worked with the U.S. Environmental Protection Agency (EPA) and university scientists to develop protocols for these field studies that evaluate XtendiMax
technology over a broad range of geographies, temperatures and soil types with a range of pH levels that are highly representative of farming conditions in
all U.S. states where cotton or soybeans are grown.
As part of ongoing testing efforts, a study following Good Laboratory Practices (GLP) was conducted near Maricopa, Ariz., to measure off-target movement
and plant effects to non-dicamba tolerant soybeans under extreme weather conditions (daytime air temperatures greater than 100 degrees F and low
relative humidity) and over large acreage representative of a commercial scale application (Figure 1). On May 8, 2018, 27 acres of Roundup Ready 2 Yield®
soybeans (Figure 2) were sprayed over-the-top with a common tank mix of XtendiMax + Roundup PowerMAX® + IntactTM (required DRA). The application
was made following XtendiMax product label application requirements including approved spray nozzles (TTI 11004 at 63 psi) and wind speeds (3-10 mph).
Applying over non-dicamba tolerant soybeans was ideal for representing potential exposure outside of the sprayed area. This study also incorporated
measurements of off-target movement from spray drift and volatility, including measurements of off-target plant effects, and quantitatively validated air
dispersion models routinely used to assess potential off-target vapor exposure due to volatility. We previously shared results of this study based on the
assessment of potential off-target plant effects. This update provides more information regarding the spray drift, volatility and model validation components
of this large-scale study.

METHODS
Data was collected to quantify spray drift, volatility and plant effects during this study. Spray drift was determined by placing sample collectors outside the
application area and then determining the amount of dicamba that deposited at various distances from the application area. Volatility (or flux) was determined
by collecting air samples and weather data for up 72 hours after application. Visual symptomology and plant heights were measured for upwind and downwind
sensitive plants (Roundup Ready 2 Yield® soybeans). Since these soybeans are sensitive to dicamba, they are ideal for representing potential exposure outside of
the sprayed area. See our previous results report for more on plant effect.

VO L AT I L I T Y
In order to quantify flux (i.e., the rate of volatility), measures of dicamba concentrations in air and meteorological information (wind speed/direction,
temperature) are required. See below for summaries of the air sampling and meteorological methods use.
AIR SAMPLING
An in-field air sampler was placed in the approximate center of the test plot directly following a spray application and was used for monitoring flux for 72 hours
following the application (Figure 3). The air sampling pumps were placed at approximate heights of 0.15, 0.33, 0.55, 0.90 and 1.5m above the crop surface and
were attached to a single center mast for the test plot. Air sampling pumps were turned on as soon as possible after completion of the application to the
entire plot.
After application, PUF sorbent tube samples were collected from the five established sampling heights on the sample mast at intervals of approximately
6, 24, 36, 48, 60 and 72 hours post-application. In-field samples were then stored and shipped in coolers containing dry ice until transferred to storage at
approximately -20 degrees C prior to analysis.
To sample air moving off plot, eight perimeter air monitoring stations were located 1.5m above the crop canopy and 5m outside of the edge of the treatment
area. Air samplers at the eight perimeter sampling locations were turned on just after application. PUF sorbent tubes were collected from the perimeter
stations at intervals of approximately 6, 24, 36, 48, 60 and 72 hours following completion of the application to the entire plot. Perimeter samples were stored
in a -20 degrees C freezer and then shipped in coolers containing dry ice until transferred to storage at approximately -20 degrees C prior to analysis.

WEATHER DATA
A site meteorological station for the study was located approximately 50m west of the test plot (Figure 4). This station consisted of two systems for collecting
meteorological data. The first system included one Onset Computer Corporation HOBO® RX3000 Remote Monitoring Station data logger with attached
Onset Computer Corporation HOBO® Smart Sensors for measuring precipitation (1.3m above ground surface), air temperature (1.7, 4.8 and 9.4m above
ground surface), relative humidity (at 1.7, 4.8 and 9.4m above ground surface), soil temperature (at the surface, 2 in. depth and 6 in. depth), soil moisture
(2 in. depth) and solar radiation (2.4m above ground surface). These parameters were measured at one-minute intervals for the duration of the field
phase of the study from May 5-11, 2018. The second system consisted of one Campbell Scientific CR6 Series data logger with attached sensors for
measuring wind speed and direction at 1.7, 5.0 and 10.3m above the ground surface. A Gill WindMaster 3D sonic anemometer was used at 10.3m and
Gill Instruments WindSonic Option 3 (Model:1405-PK-040) two-dimensional sonic anemometers were used at 1.7 and 5.0m.
Wind speed and direction data were gathered using a Gill Instruments Option 3 WindSonic 2D sonic anemometer fixed to the site meteorological station
mast at 1.7m above the ground surface. Immediately prior to and during application to the test plot, the Gill anemometer was recording data to a field
laptop. Wind speed and direction data collected by the Gill anemometer were monitored in real-time by the Spray Drift Field Principal Investigator and
Bayer personnel to inform when the spray application should begin. Wind speed and direction data were saved to the field computer at a one-second time
interval. Other meteorological parameters were recorded by the site meteorological sensors.
A flux monitoring meteorological station was established near the test plot approximately 5m from the western edge of the application area to achieve a
good representation of the wind pattern at the test plot. Following application, the flux monitoring meteorological station was moved 20m northwest of
the center of the test plot. This monitoring station recorded air temperature, relative humidity, wind speed and wind direction at heights of 0.33, 0.55, 0.90
and 1.5m above the crop canopy (Figure 5).
The flux monitoring meteorological stations for the test plot used Gill Instruments WindSonic Option 3 (Model:1405-PK-040) two-dimensional sonic
anemometers to measure wind speed and direction data at four different heights of approximately 0.33, 0.55, 0.90 and 1.5m above the crop surface. Wind
speed and direction data were recorded on a Campbell Scientific CR6 Series data logger. Air temperature and relative humidity were measured at the
same four heights using Onset HOBO S-THB-M008 12-bit smart sensors. Air temperature and relative humidity data were recorded on an Onset HOBO®
Micro Station data logge.

SPRAY DRIFT
ANALYTICAL SAMPLING
Samples were collected at various distances downwind from an established edge-of-field line. The edge-of-field line was defined as the edge of the spray
from the furthest downwind nozzle on the boom in Swath 1. Downwind deposition collectors were located along three parallel sample transect lines (A,
B and C) that were spaced 15m apart, with the middle sample transect line extending perpendicular from the midpoint of the application area swaths
(Figure 6). Deposition collectors were placed along the transect lines at the following distances downwind of the edge-of-field line: 5, 10, 15, 20, 25 and
30m. Each deposition collector consisted of a filter paper (15 cm diameter Whatman #1 filter paper) secured to a cardboard square with dressmaker’s
pins. Double-sided tape was used to attach the cardboard square to a horizontal plastic platform. The platform was elevated to the height of the soybean
crop along a metal post that was inserted into the ground.

R E S U LT S
Wind speed and direction were monitored throughout the entire application. For the first three swaths, the portion of the application considered relevant
for spray drift, the two-minute average wind direction was 63 degrees to the north of the target wind direction and the mean wind speed was 4.25 mph.
FLUX
The volatile flux rates estimated using the indirect method ranged from 0.00054 µg/m2/s during period 3 (24-36 hours post application) to 0.00002 µg/m2/s
during period 4 (36-48 hours post application; Figure 7). For all periods, the regressions conducted on spatially-maintained data were used to obtain the
final flux estimates. Estimated mass loss ranged from 0.0025 kg (0.04% of applied dicamba) during period 3 to 0.0001 kg (0.002% of applied dicamba)
during period 4 (Figure 7). Using flux rates derived from the indirect method for each individual period, the total estimated mass loss for all periods was
0.0059 kg dicamba (0.09% of applied). The estimated dicamba mass loss using AD and IHF methods was 0.004668 kg, which represents 0.076% of applied
dicamba based on nominal target application rate of 0.5 lb. a.e./acre (Figure 7).
Using the flux rates determined from this study and historical regional weather data from Raleigh, NC; Phoenix, Ariz.; and Peoria, Ill., we modeled the
dicamba dry and wet deposition and air concentration estimates that could potentially occur outside of the spray application area using the air dispersion
models AERMOD and PERFUM.

AERMOD deposition estimates showed at 5 meters from the edge of the field, the maximum 24-hour average dry deposition ranged from 1.1×10-6 to
1.9×10-6 g/m2 and the maximum wet deposition ranged from 6.5×10-8 to 1.5×10-7 g/m2 (Figure 8). At the same distance, 5 meters from the edge of the
field, the 90th percentile dry deposition ranged from 5.9×10-7 to 1.0×10-6 g/m2, and the 90th percentile wet deposition ranged from 1.7×10-9 to 9.2×10-9 g/m2.
For meteorological sites, the highest deposition levels were comparable for all three sites, with the highest modeled deposition found at Peoria and
Raleigh. Deposition declined with distance from the field.
Twenty four-hour PERFUM air concentration estimates 5 meters downwind from edge of field showed estimated concentrations ranged from 2.3 to 3.6 ng/m3
(Figure 9). The meteorological dataset for Raleigh produced the highest air concentrations. As expected, concentrations declined with distance from the field.
The results of the air concentration modeling are below both the NOAEC used to support the 2016 XtendiMax registration (17.7 ng/m3) and the refined
NOAEC later determined at EPA’s request (138 ng/m3). Thus, these new data further confirm EPA’s 2016 conclusion that the existing downwind buffer is
more than sufficient to address any concerns regarding volatility.
SPRAY DRIFT
An analysis of the downwind deposition pattern of dicamba was completed for this field application of XtendiMax + Roundup PowerMax + Intact (required
DRA). The amount of downwind deposition of dicamba decreased as distance from the spray area increased (Figure 10). Based on this analysis, a predicted
no-effect distance, the distance needed in feet to reach a fraction of applied of 0.000522, of 0.00 ft. was estimated. All mean measured deposition downwind
of the spray application area were less than the no-effect rate.
The mean wind speed was within the target of 3 to 10 mph for a dicamba application. The mean wind direction ranged from 317° to 357° for the first three
spray swaths, which are the most relevant for downwind spray drift deposition.
Overall, downwind deposition along all sample collector transects was less than the fraction of applied (0.000522) used to estimate the no-effect distance
for dicamba.

A I R - D I S P E R S I O N M O D E L VA L I D AT I O N R E S U LT S
To further confirm the utility of air-dispersion models such as PERFUM and AERMOD for use in regulatory risk assessment, and as part of the GLP field
study conducted on 27 acres of post-emergent glyphosate-tolerant soybeans near Maricopa, Ariz., in May 2018, Bayer collected additional meteorological
information and conducted an expanded off-field air sampling program to facilitate air dispersion modeling verification. The expanded off-field air
sampling program included eight perimeter samplers placed at 5m (16 ft.) from field edge that continuously measured dicamba air concentration over each
of the six sampling periods (totaling 63.6 hours after application). Dicamba air samples were also collected at the center of the field for the duration of
the study and were used to calculate flux using EPA-recommended methods (i.e. aerodynamic and integrated horizontal flux). The aerodynamic flux
was used as input to the AERMOD model along with relevant meteorological data collected during the study, and the predicted air concentrations were
compared to measured perimeter air concentrations outside of the field that were collected throughout the duration of the study to confirm suitability of
air-dispersion models for dicamba off-target movement due to volatility1.
The strong level of agreement between predicted and measured concentrations was determined using percent bias (PBIAS) model evaluation statistics.
PBIAS measures the average tendency of predicted data to be larger or smaller than their measured counterparts. The results of the PBIAS evaluation
indicated that the predicted concentrations are within 15 percent of their predicted counterparts (Figure 11). The predicted results show close agreement
with measured concentrations, which confirmed that air dispersion models such as PERFUM and AERMOD are representative of potential off-target
movement of dicamba following a representative commercial-scale spray application following label directions. Furthermore, the sound underpinnings for
the models can be used probabilistically to conservatively estimate risk to provide adequate margin of safety.

1

It should be noted that this location-specific modeling was conducted in addition to the PERFUM and AERMOD modeling that was conducted using location-specific flux information and historical regional meteorological information that
provides a robust probabilistic assessment of potential off-target movement due to volatility.

SUMMARY AND CONCLUSIONS
•

Utilizing a larger application area and extreme environmental conditions,
volatility (flux) was not greater than previously observed and reported in
other GLP field volatility studies.

•

Plant heights were not different between tarped and untarped areas,
thus drift levels were not sufficient to result in significant reductions in
plant height.

•

Site-specific air dispersion model validation confirmed air dispersion
models accurately reflect dispersion of vapor in the environment.

•

Deposition rates were less than the NOER for plant height at all
downwind locations.

•

Visual symptomology observed in the upwind transects showed only
minor effects with no symptomology observed past 5m. Some
symptomology was observed outside of the upwind measurement
transects but this was limited to 10m.

ɐɐ

These results align with the plant height data. No plant height
reductions occurred within 100 ft. from the sprayed area.

CONCLUSION
Conclusion: Volatility measured over large acres at high temperatures is consistent with volatility measurements at other locations conducted on smaller
fields (<10 acres). The air dispersion models used to determine the amount of dicamba moving off-target accurately represent off-target movement of
vapor and are a robust tool for determining off-target air concentrations and deposition. Finally, these results confirm previous findings that volatility is
not a significant contributor to off-target movement.

MR. TOM ORR
Mr. Tom Orr is the Off-Target Assessment Lead within Bayer’s Regulatory Sciences team. He has been with Bayer for over
7 years and has been a key contributor for various off-target movement studies, including field spray drift and volatility
studies, and wind tunnel studies to support product development and Regulatory data requirements. Prior to joining Bayer,
Tom spent 8 years as an Ecotoxicologist for Environmental Engineering firms conducting ecological risk assessments for
various environmental remediation projects. Tom has a M.S. in Environmental Toxicology (Zoology) from Southern Illinois
University-Carbondale and a B.A. in Zoology from Miami University in Oxford, Ohio.

FIGURE 1. TEST PLOT LAYOUT

FIGURE 2. CROP HEIGHT

Note: Arrows represent average wind direction for time interval listed.

Soybeans were approximately 4 inches in height at the time of spraying.

FIGURE 3: IN-FIELD PUF SAMPLING STATION

FIGURE 4: SITE METEOROLOGICAL STATION

FIGURE 5: IN-FIELD FLUX MONITORING STATION (POST-APPLICATION)

FIGURE 6: DOWNWIND SPRAY DRIFT SAMPLING AREA

Source: Stone Environmental, Inc. Drone, May 2018.

FIGURE 7: INCREMENTAL AND
CUMULATIVE VOLATILE MASS
LOSSES AND VOLATILE FLUX USING
THE INTEGRATED HORIZONTAL
FLUX, AERODYNAMIC, AND
INDIRECT METHODS
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FIGURE 8. MAXIMUM PREDICTED
24-HOUR AVERAGE DICAMBA
DEPOSITION USING RALEIGH
METEOROLOGICAL DATA
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FIGURE 9. 95TH PERCENTILE
DICAMBA AIR CONCENTRATIONS
FOR FORMULATION MON 76980
MIXED WITH MON 79789 USING
ARIZONA FLUX DATA AND RALEIGH
METEOROLOGICAL DATA
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FIGURE 10: DOWNWIND
DEPOSITION CURVE
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FIGURE 11: RELATIONSHIP
BETWEEN MEASURED AND
PREDICTED OFF-TARGET AIR
CONCENTRATIONS USING
LOCATION-SPECIFIC FLUX AND
METEOROLOGICAL INFORMATION
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