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1.0 INTRODUCTION

Methyl isothiocyanate (MITC) generator metam sodium is a preplant soil fumigant registered for
use in the United States for the control of soil bornésgasagricultural fields. Typically, it is
applied to the soil two weeks or more before planting a wide variety of crops including tomato,

pepper, strawberry, eggplant, various cucurbits, ornamentals, turf, and nursery seedlings. Metam

Sodium also canebapplied following harvest to end the crop production cycle and reduce soil
populations of over seasoning pests. Traditionally, it is injected into the soil using-tractor
mounted injection shanks.

Cultural practices and soil conditions in nvigstern gates, such as Michigan, are very different
than locations such as California and Florida where most of the studies on airborne flux
generation have been conducted. Absent definitive studies on flux rates fronestétn
applications, regulatory agencieave to rely on studies conducted in much warmer conditions
and based on application equipment that is different in many cases than what is used in the mid
western states. There is a need for regispatific data on airborne flux that is directly
applicable to the conditions and cultural practices that are applicable to this region.

2.0 STUDY OBJECTIVES

2.1To generate comparative emissions data from two different treatments for metam
sodium

All applications were based on shank injection / cactipa equipment. The treatments were
broadcast applications. The application rate per treated area in all cases was set to

approximately be at the label maximum rate. Both fumigation scenarios were conducted in
generally close proximity and on the sadate with concurrent air and soil monitoring to
ensure that similar meteorological and soil conditions were present during the study.

Air concentrations of the fumigants emitted from each fumigation scenario were monitored
for the 4day-period using slid sorbent air sampling tubes. At each test plot, the emission
rates of MITC from the field to the atmosphere were computed based on measured air

concentrations along the vertical profile and concurrently measured meteorological data. The

flux rates vere computed using thetegrated horizontal flux method (IHB} the primary
method used to calculate field flux. igld air monitoring and regression analysis with
normalized dispersion modeling was used to compute flux rates during the acticatappli
periods only.

2.2To assess the physical soil data to support future extrapolation of the flux data

This extrapolation included the following parameters: gravimetric soil moisture, soil texture,
and bulk density, percent sand, percent silt,gr@rclay, pH, and percent organic matter.



3.0

3.1 Test Substances

MATERIALS AND METHODS

A certificate of analysis of the product used in the study is provided in Appendix E.

Metam Sodium (Sectagon 42 label)

Chemical Name:
Common Name:
Trade Name:
Empirical Formula:
Appearance:
Boiling Point:
Odor:

Odor Threshold:
Physical State:
Solubility in Water:
Specific Gravity:
Density:

Vapor Pressure:
Vapor Density:
Breakdown to MITC:

MITC Hydrolysis ¥ life:

Sodium Nmethyldithiocabamate (CAS #1341-7)
Metam sodium

Sectagon 42

CH:NH i CS'Na’

Yellow to light yellowgreen liquid
233.6 F, 112 C

strong odor of amine and sulfur
Not available

Liquid

Miscible

1.27 (water is 1.0)

10.1 Ibs/gal

24 mmHg at 25C

Not available

0.5to 7 hrs (in moist soil)

11 days (pH 3, at 20°C)



3.2 Application Methods

Two treatment plots were evaluated in this study for aid@ux. Table 1 summarizes the
specifications for both plots. Note that the fields were all untarped and unbedded (broadcast
applications).

Table 1
Fumigant Application and Soil Sealing Methods
Fumigant and

Field Application Injection Application Rate Acres
# Method Depth (Ibs / treated acre)| Water Seal Treated
1 Metam Sodium 120 318.2 No 0.96
2 Metam Sodium 120 321.1 Yes 0.95

Water
Application Sealing

Field | Application Start Completion | Approximate Time Amount Gallons /
# Time Time of Water Sealing (inches) Acre
1 16:10 10/28/09 | 16:22 10/28/09 NA NA 75.3
2 14:34 10/28/09 | 14:4510/28/09] 20:20 ~21:10 0.33 76.0

The sites were selected and preliminary soil samples were taken two weeks before the
applications. This was to demorate the trial fields would represent normal soil texture,

crop rotation, and previous crop residue typical to this region in Michigan. Field preparation
required that the planned application date be delayed for two days in order to allow the fields
to suficient dry out to support the final disking and ultimately the applications. As described
in Section 3.5, there was a substantial amount of rain prior to the study, i.e. approximately 1.7
inches of rain fell between October®and early October 36 In order to attain suitable

field moisture, the following was done:

o Field 1 was disked on the morning of October 28, 2009 to promote further drying of the
field until the application at 16:10 later that day. The soil moisture at the time of
applicationwas found to be suitable for the fumigation.

o Field 2 was relocated. It was concluded that the field was too wet for the application, and
nearby ground that had not been worked recently was disked multiple times on the
morning of October 27, 2009 and wiasind to be of suitable. This field was allowed to
dry for over 24 hours prior to the application, which resulted in appropriate soil moisture.

The application rig is shown in Photographs 1 and 2. The Raven system on the application

equipment was used tneasure the rate of the application in terms of gallons applied. This

1 There was a section of Field #2 that was not irrigated due to a technical problem with the center pivot. The area of
the field not irrigated with any amount of water was estimated to be less than one perdeigufse®). The off
time is approximate as the center pivot motor malfunctioned without anyone present.

7



was then confirmed with beginning and ending truck scale weight readings. Normal
commercial application equipment was used to treat the plots. Following the application, the
fumigata was driven to the chemical storage area and the fumigant remaining in the tank
returned to the original container. The fumigant remaining in the applicator was verified to
be exactly at the base of the tank and the container was reweighed for funtirerat@mn.



Photograph 1
Application Rig from the Back

Photograph 2
Application Rig from the Side




3.3 Test Sites

The two plots were all located in the general vicinity of Howard City, Michigan. Figures 1
through 5 show the locationadlayout of both treatment plots. Fields 1 and 2 were located
approximately 1.3 miles apart on very similar soils, as shown in Figure 5. The applications
were done approximately on a concurrent basis. The monitoring equipment on both fields is
shown inPhotographs 3 and 4. The only significant difference between the two fields was
the water seal that was applied to Field 2.

Figure 1
Field #1 Plot

Michigan Metam-Sodium October 2009 Field #1 Plot
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Figure 2
Field #2 Plog

Michigan Metam-Sodium October 2009 Field #2 Plot
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2 Due to a centepivot malfunction, part of the field (~ 1 %) was not irrigated. The dotted line on the graph above

shows the maximum extent of threégated soil.
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Figure 3
Field 1
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Imagery Date#Junj1, 2005

Figure 4
Field 2
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Figure 5
Composite Showing Both Fields
Linear Distance between fields = 1.3 miles
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Photograph 3
Field 1
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3.4 Soil Characterization

The soil type at the test sites wassotharacte
testing and sand by Agvise LaboratoAeSoil samples were collected several days prior to
application for gravimetric analysis and soil texture analysis in the rangé of &nd 612

in. Each soil sample consisted of approximately 0.5 kg 21pb@inds) of soil. The soil
samples were sealed in 4grck bags and securely taped prior to analysis. The soil samples
collected for soil texture analysis from each field and depth were analyzed for texture, bulk
density, organic matter, pH, percenhg@apercent silt, and percent clay (see Table 2). Within
approximately one hour of each application, soil samples within the laye$ of @ere

collected for final gravimetric analysis. Soil moisture was determined by the gravimetric
method. Bulk densy was derived from the dry weight of the soil and the known volume of
soil cores.

Table 2
Soil Physical Properties for Disturbed Samples from® and 612 inch depths Averages of
Triplicate Samples

Term Field #1 Field #2
pH 5.56.1 6.0-7.7
OrganicMatter % 1.1-:1.6% 0.51.3%
Soil Texture Class | LOAMY SAND - SAND SAND
Sand % 84-86% 90-94%
Silt % 11-15% 4-8%
Clay % 1-2% 0-2%

In situbulk density was calculated by collecting samples from PVC cores, typically about 2
inches in length and with anriar diameter of 2 inches. It was found that compaction
occurred with these cores. Based on personal communitdtioas estimated that these
freshly tilled loamy sand soils would have a bulk density of approximately 1.2.g/cm

Within approximately ne hour of each application, soil samples were taken for
documentation of percent soil moisture immediately before the applications. Each sample
was a composite of three sgamples, all taken within approximately a 1 m radius. The

three sub samples wecemposited and then 145 gram samples were placed into zip lock
bags for and securely taped for subsequent gravimetric analysis. The results of this analysis
are shown in Table 3.

3 The data collected by the cooperator and analyzed locally are considered to be the more definitive classification.
4 Dr. Husein Ajwa, University of California @ Davis, November 6, 2009.
17



Table 3
Gravimetric Analysis of Soil Moisture 0-15 cm Immediately Bebre Each Application

Sample # Field # initial net wt (g) final net wt () % moisture grav.  Average % Moisture
1-1 1 122 107 14.0
1-2 1 125 110 13.6 14
2-1 2 163 149 9.4
2-2 2 121 112 8.0 9

The USDA feel methddwas used to confirm that the soil moisture was appropriate for the
applications. The feel method is based on the percent available water, while fumigation
requirements are based on percent field capaéitiailable water is defined as field capacity
minus the permanent wilting point. Based on the computed bulk density of the disked soil of
1.5 g/cm3, Table 4 shows the conversion of percent water availability to percent field

capacity. As shown for loayrsand in Table 4, suitable moisture based on the USDA feel
method within the range of 25 to 75 percent available water would encompass the range of 60
to 80 percent field capacity.

Figure 6 and Table 5 summarize the guidance provided by the USDA refef@hotographs

5 and 6 present photographic evidence of the soil condition on each field immediately before
the applications. As shown, the results of the feel test are consistent with percent available
water in the range of 25 to 75 percent.

S Soil & Fertility, Toeh,Frederick, R., andhompson Louis, M., 6th Edition, Blackwell
Publishing, Figure 87, Victoria, Australia, 2005.

18



Conversion of Percent Available Water to Percent Field Capacity

Table 4

soil type Sand
bulk density g/cm3 1.2
wilting point_vol 2.5
field capacity_vol 10
wilting point_grav 2.083333
field capacity_grav 8.333333
available water @ FC 6.25
% water availability %FC
12.5 34.375
25 43.75 acceptable
50 62.5 acceptable
75 81.25 acceptable
100 100

Soil & Fertility, Toeh, Frederick, R., and Thompson, Louis, M., 6th Edition, Blackwell

Publishing, Figure 5-17, Victoria, Australia, 2005.

soil type
bulk density g/cm3
wilting point_vol

field capacity_vol

wilting point_grav

field capacity_grav
available water @ FC

% water availability

12.5
25
50
75

soil type
bulk density g/cm3
wilting point_vol
field capacity_vol
wilting point_grav
field capacity_grav
available water @ FC

% water availability
12.5
25
50
75
100

100

Loamy Sand
1.2
5
16
4.166666667
13.33333333
9.166666667

%FC
39.84375
48.4375
65.625
82.8125
100

Sandy Loam
1.2
10
22
8.333333333
18.33333333
10

%FC
52.27272727
59.09090909
72.72727273
86.36363636

100

acceptable
acceptable
acceptable
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Figure 6
Excerpt from AEstimating Soil Moi sture from F
# 619, April 1998

Appearance of fine sand and loamy fine sand soils

at various soil moisture conditions.

Available Water Capacity
0.6-1.2 inches/foot

Percent Available: Currently available soil mois-
ture as a percent of available water capacity.

Inift. Depleted: Inches of water currently needed to
refill a foot of sail to field capacity.

0-25 percent available
1.2-0.5 in./ft. depleted

Dry, loose, will hold together if not disturbed, loose
sand grains on fingers with applied pressure. (Not 50-75 percent available
pictured) 0.6-0.2 in./ft. depleted

Moist, forms a weak ball with loose and aggregated

sand grains on fingers, darkened color, moderate
water staining on fingers, will not ribbon.

25-50 percent available
0.9-0.3 in./ft. depleted

Slightly moist, forms a very weak ball with well-
defined finger mark

75-100 percent available
0.3-0.0 in./ft. depleted

Wet, forms a weak ball, loose and aggregated sand
grains remain on fingers, darkened color, heavy
water staining on fingers, will not ribbon

100 percent available
0.0 in./ft. depleted (field capacity)

Wet, forms a weak ball, moderate to heavy soil/
water coating on fingers, wet outline of soft ball
remains on hand. (Not pictured)
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Excerpt

from

Table 5

AEsti mat

ing Soil

# 619, April 1998

Mo i

Guidelines for Estimating Soil Moisture Conditions

stur e

Coarse Texture-
Fine Sand and

Moderately Coarse Texture
Sandy Loam and

Medium Texture -
Sandy Clay Loam, Loam,

Fine Texture-
Clay, Clay Loam, or

Capaci
(100 "fn?‘

moderate to heavy soil/
water coating on fingers,
wet outline of soft ball
remains on hand.

SMD 0.0

water appears briefly on soil
surface after squeezing ar
shaking,medium ta heavy
soil/'water coating on
fingers.

SMD 0.0

water appears briefly on soil
surface after squeezing or
shaking, medium to heawvy
soiliwater coating on fingers.

SMD 0.0

Loamy Fine Sand Fine Sandy Loam and Silt Loam Silty Clay Loam
Available Water Capacity (Inches/Foot)
0.6-1.2 | 1.3-1.7 | 1.5-2.1 | 1.6-24
Available
Soil Moisturre Soll Moisture Deficit (SMD) in inches per foot when the feel and appearance of the soil are as described.
Percent
0-25 Dry, loose, will hold together | Dry, forms a very weak ball, | Dry. Soil aggregations break | Dry, soil aggregations
if not disturbed, loose sand aggregated soil grains away easily. no moisture easily separate, clods are
grains on fingers with break away easily from ball. | staining on fingers, clods hard to crumble with
applied pressure. crumble with applied applied pressure
SMD 1.7-1.0 pressure.
SMD 1.2-0.5 SMD 2.4-1.2
SMD 2.1-1.1
25-50 Slightly moist, forms a very Slightly moist, forms a weak | Slightly maist, forms aweak | Slightly moist, forms a weak
weak ball with well-defined ball with defined finger ball with rough surfaces, no | ball, very few soil aggrega-
finger marks, light coating of | marks, darkened color, no water staining on fingers, tions break away, no water
loose and aggregated sand water staining on fingers, few aggregated soil grains stains, clods flatten with
grains remain on fingers. grains break away. break away. applied pressure
SMD 0.8-0.3 SMD 1.3-0.7 SMD1.6-0.8 SMD 1.8-0.8
50-75 Muaist, forms a weak ball with | Maist, forms a ball with Moist, forms a ball, very Maist. forms a smooth ball
loose and aggregated sand defined finger marks. very light water staining on with defined finger marks,
grains on fingers, darkened light soil/'water staining on fingers, darkened colar, light soil/water staining on
color, moderate water fingers. darkened color, wil pliable, forms a weak fingers, ribbons between
staining on fingers, will not not slick. ribbon between thumb and thumb and forefinger.
ribbon. farefinger.
SMD 0.9-0.3 SMD 1.2-0.4
SMD 0.6-0.2 SMD 1.1-0.4
75-100 Wet, forms a weak ball, Wet, forms a ball with wet Wet, forms a ball with well Wet, forms a ball, uneven
loose and aggregated sand outline left on hand, light to defined finger marks, light to | medium to heavy soillwater
grains remain on fingers, medium water staining on heavy soil'water coating on | coating on fingers, ribbons
darkened color, heavy water | fingers, makes a weak fingers, ribbons between , easily between thumb and
staining on fingers, will not ribban between thumb and thumb and forefinger. farefinger.
ribbon. forefinger.
SMD 0.5 -0.0 SMD 0.8-0.0
SMD 0.3-0.0 SMD 0.4-0.0
Field Wet, forms a weak ball, Wet, forms a soft ball, free Wet, forms a soft ball, free Wet, forms a soft ball, free

water appears on soll
surface after squeezing or
shaking, thick soiliwater
coating on fingers, slick and
sticky.

SMD 0.0
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Photograph 5
Feel Method Results Immediately Before Application - Field 1

22



