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Robert Willis Brittain ‘

.The purpose of this study was to obtain basic informa-

tion indicating the manner in which plant surfaces affect

the deposition of pesticidal dusts. It was not intended to

give complete information on the effect of plant surfaces

on deposition under all conditions, but it was intended to

show the types of effects which might be expected. Thus,

it would point the way toward any further investigations

which seem desirable. ’

In order to accomplish this, a series of surfaces were

"dusted" under contrdlled conditions in the laboratory and

the weights of the resulting dust deposits were evaluated

and compared. The nature of the surfaces and the conditions

under which they were exposed to an aerosol stream were

chosen in such a manner as to represent as many practical

conditions as possible.

The study was divided into two experiments. In one

of these artifical leaf surfaces were used, while in the

other actual plant leaves were used.

In the artificial leaf-surface experiment four sur-

faces were used -- smooth aluminum, sandblasted aluminum,

wax coated aluminum, and petroleum-Jelly coated aluminum.

They were "dusted" with hydrated copper sulfate of two

particle sizes. Three air velocities were used, but

other conditions were held constant. {There was no signi-

ficant difference between the two aluminum surfaces, but

344087
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the two softer surfaces showed greatly increased deposits.

Significant deposition effects were found for particle sizes,

air velocities, and all three possible interactions as well

as surfaces. These results suggested a somewhat complicated

relationship between the variables involved and a hypothesis

was advanced to explain this.

In the plant leaf-surface experiment both the top and

bottom surfaces of been, tomato, and lettuce leaves were

tested. The conditions varied were the air velocity and

the surface angle with respect to the air stream. Signifi-

cant effects were recorded for surfaces, angles, air velo-

cities, and, for part of the data, the surface-angle inter-

action. The pubescent bean and tomato leaves held a somewhat

higher deposit than the smooth surfaced, but wrinkled,

lettuce leaves. The bottoms of each of the leaf species

received a distinctly higher deposit than the tops. This

was particularly true at the hS-degree leaf angle. The

results also showed that a leaf at an angle of #5 degrees

held a larger part of the dust which was directed at it

than a leaf perpendicular to the air stream.

A technique was developed in cOOperation with other in-

vestigators and used in the plant leaf-surface experiment

to adapt the polarograph to dust deposit evaluation. The

use of volumetric copper titration as a deposit evaluation

method was also investigated.
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It is believed that the information obtained may prove

valuable as a step toward a better understanding of dust de-

position.
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INTRODUCTION

Background of the Study

The application of insecticidal and fungicidal dusts

to crop plants has long been an important part of the insect

and disease control program in the United States and else-

where. However, the existing dust application machinery is

very inefficient.

In an attempt to improve the efficiency of dusting

machinery, the Department of Agricultural Engineering at

‘Michigan State College initiated a research-project in

1950 to investigate the possibility of utilizing electro-

static forces in dust deposition. As this project progressed,

it became apparent that before any real progress could be

made the mechanism of dust deposition on a plant surface

would have to be thoroughly understood.

To this end Bowen (1)* in 1953 did a theoretical study

of the electric and inertial forces involved in deposition.

Splinter (2) in 1955 applied Bowen's work to an experimental

study of the relative importance of electric, inertial, and

gravitational forces.

 

* numbers in parenthesis indicate appended references.





Another serious problem.which presented itself to the

Michigan State College investigators, was the lack of ade-

quate evaluation techniques. 1b solve this problem, Brazee

(3) in 1953 investigated several possible evaluation tech-

niques and found one, volumetric copper titration, which

showed promise. Another approach to the evaluation problem,

the use of the polarograph, was investigated by Ban (h) in

1951;.

Among the factors still to be studied after the pre-

viously mentioned investigations were deposition forces

resulting from thermal gradients, the effect of the nature

of the plant surface on deposition, the effect of the dusting

material on the dusting process*, the development of adequate

metering devices for accurate dusting at low rates, and

others.

Statement of the Problem

The purpose of this study was to determine experimen-

tally the manner and extent to which the nature of the

plant surface affects the deposition of dusts.

The study was not intended to give complete information

on the behavior of all dusts when being deposited on all

surfaces under all conditions. Neither was it intended to

eIplain all the theoretical implications of the findings.

* This was investigated to some extent by Splinter (2).
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The study was intended to show the effect on dust deposition

of a few typical surfaces under certain conditions in the

laboratory. This information attempts to show the importance

which should be attached to surfaces in dust deposition

problems, and should point to where further work needs to

be done. Further, the experience gained in instrumentation

and technique should be useful in further work along similar

lines.

Review of Literature

Although an intensive search of the literature was

made, none was found.

Approach tb the Problem

The approach used to the problem.was that of dusting

actual surfaces under controlled conditions in the labora-

tory and evaluating the deposits.

In one set of tests artificial leaf surfaces were used

in an attempt to remove as many variables as possible.

This set of tests should also facilitate the correlation of

actual leaf surface tests with the work of Splinter (2)

who used artificial leaf surfaces.

The other part of the experimental work involved the

use of certain selected plant leaf surfaces. The latter data

are more directly applicable to field dusting problems.



LABORATORY EXPERIMENTAL EQUIPMENT

As the dusting investigations proceeded at Michigan

State College it became apparent that it would be neces-

sary to have laboratory dusting equipment in which a high

degree of control over conditions was possible if reliable

information about dust deposition was to be obtained.

Brazee (3) made recommendations for such equipment and

its construction was started that year. Splinter (h)

first used the equipment in the spring of 195h.

Conditions to be Controlled

In the construction of the laboratory dusting equip-

ment, an attempt was made to control the following conditions:

1. Relative humidity. This was found to be very impor-

tant in the dusting process by Bowen (5), Hebblethwaitc

(6), and Splinter (2). It 13 of particular inportance

in dealing with electric deposition forces.

2. Air velocity. The air stream which carries the dust

imparts to the dust the kinetic energy which is respon-

sible for the inertial deposition forces.

3. Dust feeding rate. In most present day field dusters

it is impossible to maintain a very accurate feeding

rate. However, the accuracy of the results in any dust



deposition experiment is dependent upon the accuracy

of the dust feeding.

h. Electric charge. In studying the electric forces

involved in dust deposition it is necessary to be

able to place an electric charge upon the dust par-

ticle and to measure that charge. No direct use of

the charging equipment was made in this study.

5. Temperature. It is thought that thermal forces may

play a part in dust deposition. To the author's

knowledge this has not been extensively investigated .

Temperature control was limited to thermostatic con-

trol of the laboratory temperature.

Description of Laboratory Equipment

The laboratory dusting apparatus consisted essentially

of (l) a dust-feed chamber, (2) a dusting chamber, (3) a

system of ducts to bring air in and take dust laden air out,

and (h) suitable means of measuring and controlling the

conditions throughout the system. A schematic diagram.of

the apparatus is shown in Figure 1. P

The Dust-feed Chamber

'The dust-feed chamber contained the main feeding fan,

G, and the dust-metering mechanism. The feeding fan mixed

the dust and air and delivered the aerosol* to the dusting

 

* Aerosol is defined for this study as a suspension of

dust particles in air.
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Fig. 2.. Dust-feed chamber showing the variable-

speed feeding-fan motor at the left and

portions of the feeding-fan tube and

dust-feed belt through the open door.



chamber through the feeding-fan tube, H. This fan was

of the centrifugal type with radial blades. It was driven

by a variable speed.motor with a speed range of from 600

to 3600 revolutions per minute. In this study the fan was

Operated at 3600 revolutions per minute at all times.

The size of the dust-feed chamber was approximately

four by four by four feet.

The Dusting Chamber

The dusting chamber was the area where the experimental

surfaces were exposed to the dust aerosol. During a test

it contained a relatively uniform.dust cloud. An.inertia1

fan, L, directed a part of this aerosol at the surface to

be dusted.

As the aerosol entered the dusting chamber from the

feeding-fan tube, H, it struck a baffle, K. This baffle

dispersed the air stream, eliminating any strong air cur-

rents, but directing weaker turbulent air currents into

all parts of the chamber. The back of the baffle can be

seen near the center of Figure 3.

Also contained in the dust-feed chamber were instru-

ments for measuring temperature, relative humidity, and

aerosol density* which will be described below. The size

of the chamber was h2 by h2 by 116 inches.

*.Aerosol density is defined for this study as dust

weight per unit volume of air.



 
 

Fig. 3. Interior of dusting chamber. The dust enters

the chamber just behind the baffle, K. The

equipment designated by letters is the

following:

J. Steam injection point

K. Aerosol baffle

L. 'Inertial fan

M. Membrane filter holder

N. Wet and dry-bulb thermometers
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Air Intake and Exhaust System

Air was drawn into the dust—feed chamber by the suction

of the feeding fan, G, Figure 1. The eight-inch intake duct,

A, was arranged so that air could be drawn from.either the

interior of the laboratory or from outside the building.

The exhaust fan, P, drew the aerosol from.the dust

chamber and.exhausted it from.the building through a chimp

ney. This fan was of the centrifugal type with forward

curved blades.

The flow of air through the system.may be traced as

follows: (1) it enters the dust-feed chamber through the

intake duct, (2) moves through the feeding fan where it is

mixed with dust, (3) enters the dusting chamber through the

feeding-fan tube and is dispersed by the baffle, (h) it may

or may not be blown at the surface to be dusted by the in-

ertial fan,(5) is drawn from.the dusting chamber by the

exhaust fan and leaves the building through a chtmney.

A simple Urtube manometer containing water was con-

nected to the dusting chamber to measure the pressure

differential between the chamber and the laboratory. An

adjustable gate on the intake of the exhaust fan permitted

the static pressure inside the dusting chamber to be con-

trolled. The chamber was normally operated at a vacuwm

of approximately one—eighth inch of water to prevent aerosol

from.1eaking into the laboratory.



11

Relative Hmmidity Control Systmm

The relative humidity of the system was controlled by

means of injecting steam.at one or both of two points. The

primary injection, B, Figure 1, was located in the intake

duct approximately 15 feet from.the dust-feed chamber. This

nozzle was adequate for relative humidity control except at

values near 90 percent or above. At such high humidities

it became necessary to inject steam directly into the dust

chamber at point J. A drain was provided at this point to

take any liquid water which came through the steam line

out of the chamber. A drain was also provided in the steam

line at the main valve to take the water out of the line.

This drain was left partially open whenever steam was being

injected at either nozzle.

Relative humidity was measured by means of two wet

and dry bulb thermometer sets such as the one shown in

Figure h. A constant water level was maintained in the

cup under the wet bulb thermometer by means of a syphcn

arrangement sbmilar to a system.reported by Henderson (7).

Humddity'measuring instruments were placed in both the

dusting chamber and the dust-feed chamber (N and C, Figure 1).-

In the dusting chamber it was found that when both.the

feeding fan and the exhaust fan were running there was suf-

ficient movement of air past the wet bulb thermometer to

give a maximum depression. However in the dust-feed



 
Fige he Wet and dry-bulb thermometer set for the

measurement of relative humidity. Two such

instruments were used in the experimental

dusting equipment.

12
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chamber it was necessary to use a small fan to obtain suf-

ficient air movement past the wet bulb. Some difficulty

was experienced with the inexpensive commercial "hair drier"

type fans when used for this purpose. Part of their air

output is drawn through the motor for cooling purposes with

the result that the air temperature is raised a few degrees

after the motor has warmed up.

Dust Metering Mechanism

The dust metering mechanism consisted essentially of a

horizontal conveyer belt on which dust was distributed uni-

formly by hand. As the belt moved forward the dust was re-

moved evenly by means of a rotating cylindrical brush.

It then fell into a sheet metal chute and from there into

'the intake of the feeding fan. The dust-feed brush, belt,

and chute are shown schematically as D, E, and F in Figure l.

The dust-feed belt was seven inches wide and 28 inches

long.- It was driven through a system.of belts and gears by

a variable speed electric motor. The belt speed could be

varied from one-half to two feet per minute.

The dust-feed brush was two and one-half inches in

diameter and six inches long. It was driven by a one-quarter

inch electric drill. frhe speed of the brush was controlled

by connecting a slide-wire type variable resistance into the

motor circuit in series to reduce the input voltage.

A portion of the brush and part of the belt drive are

shown in.Pigure S.



 

Fig. 5. Drive of the dust-feed belt. This 500 to

one gear reduction was manufactured as

part of a directional antenna rotator for

aircraft. Part of the dust-feed bruah is

visible in the upper right.



15

Measurement of Aerosol Density

I The term aerosol density was defined for this study as

the weight of dust per unit volume of air. This quantity

was measured by passing a known volume of air through a

filter and weighirg the deposit of dust on the filter.

Commercial membrane filters known by the trade name of

Millipore Filters which will filter particles well below

a micron in size were used. Figure 6 shows two Millipore

Filters together with the filter holder. The filters were

weighed on an analytical balance both before and after the

aerosol was passed through them.

A laboratory-type vacuum pump was used to draw the

aerosol through the filter. {The flow rate of this positive

displacement pump was determined by measuring the time re-

quired to pump a known volume of air from.a jar inverted in

a pan of water. A correction was made for the change in

volwme of air due to the change in pressure as the water

was drawn into the jar.

The Inertial Fan

The means have been described by which an aerosol of

controllable density could be obtained in the dusting cham-

ber under controllable conditions. However, a means of

applying controllable inertial forces to the dust particles

in the aerosol was necessary. This was accomplished by

placing a fan, L, Figure l, in the dusting chamber which
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Membrane filter holder and two membrane

filters. The filter at left contains a

deposit of dust.

 
F18. 6be Disassembledrmembrane filter holder and

two filters. The filter is placed flat

against the portion of the holder at the

left and the other portion of the holder

clamps it in place.
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would direct an air stream at the surface on which deposition

was being measured. The fan used was a radial centrifugal

fan taken from a vacuum cleaner. It can be seen in the

lower right of Figure 3. The motor was the series wound

type, and its speed was controlled by varying its input

voltage with an autotransformer.

The air velocities delivered by the fan were measured

by means of a hot-wire anemometer. The autotransformer

was calibrated in terms of air velocity before each series

of tests.

Due to the fact that the inertial fan was connected to

a power line, one side of which was grounded, the housing

must be considered to be near ground potential. For this

reason charged dust particles might lose their charge in

moving through the fan. It is apparent then that the iner-

tial fan would not be satisfactory for use with charged dust.

Another factor that must be taken into consideration

in connection with the inertial fan is the computation of

the total amount of dust which is directed toward the exper-

imental surface under test. In a field duster this quantity_

would be simply the quantity of dust that was fed into the

machine. However, in the laboratory dusting equipment the

amount of dust going through the inertial fan and being

blown toward the surface under test is proportional to the

aerosol density and the total quantity of aerosol run through

the fan. It follows that for a constant aerosol density and
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a constant time of exposure the amount of dust directed

toward the surface is directly proportional to the air

velocity at which it strikes the surface. The aerosol

density is determined by the dust feeding rate.

Charging Apparatus

The laboratory dusting equipment also contained equip-

ment for placing an electric charge on the dust. However,

since the charging equipment was not used in this study it

is not described here. The electric charging and measuring

equipment is discussed by Splinter (2) in describing his

study of the importance of electric forces on dust deposition.

Shortcomings of the Experimental Dusting Equipment

As the laboratory dusting equipment was used certain

difficulties and shortcomings presented themselves. Some

of these shortcomings place serious limitations on the

usefulness of the equipment.

Irregularity of Dust Feed

The flow of dust into the dusting chamber as measured

by the aerosol density readings taken from.the membrane filter

weights was far from uniform. At times the aerosol density.



l9

varied by abmdst a factor of three within an experiment

(Figure 38)..

The dust feed belt appeared to function properly, but

excessive accumulation of dust in the dust-feed chute,

feeding fan, and feeding-fan tube appeared to cause the in-

consistency. The extent of this accumulation varied with

different dusts, but appeared to be a factor with all dusts

used.

with at least one type of dust, micronized copper

sulfate, the most serious accumulation took place on the

vertical wall of the dust-feed chute just in front of the

rotating dust-feed brush. The brush threw the dust par-

ticles against the side of the chute as it removed them

from.the belt. In the case of micronized copper sulfate

'the dust particles adhered to this vertical surface and to

each other, and a deposit as much as one and one-half inches

thick was formed. At times a deposit three-fourths of an

inch thick was formed while one twenty-gram sample Of dust

was run through the machine. when this difficulty was ob-

served the feeding brush was removed and the dust allowed

to fall freely from the end of the belt into the dust

chute.

The problem.of dust accumulation was made more serious

by the fact that it was impractical to properly clean the

feeding system. The cleaning problem is discussed further

under "Cleaning Difficulty" below.
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When wide variations occurred in the aerosol density

in the conduct of an experiment the surface deposition

data was corrected by a factor proportional to the devia-

tion of the aerosol density from an accepted standard value.

Dust Clumping in the Inertial Fan

Dust was deposited on the interior surfaces of the

inertial fan as well as in the dust feed system, At times

the deposit in the inertial fan broke off in small clumps

and these clumps were deposited on the experimental surface.

This clumping problem was largely solved by (1) clean-

ing the outlet tube of the fan with a cylindrical brush be-

fore running each test, (2) running the inertial fan at

full speed for 30 seconds between tests to clear loose

dust, and (3) cleaning the fan every ten to twenty tests

by running a small amount of fine sand through it. IDust

deposits obtained on microscope slides and examined under

the microscope indicated that there was no excessive

clumping when these precautions were taken.

\

Cleaning Difficulty

The excessive accwmulation of dust in the feeding

system was discussed above under ”Irregularity of Dust

Feed”. However, it was very difficult to preperly clean
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out many parts of the system. There was no practical way

of gaining access to the interior of the dust-feed fan and

tube. The only way found to clean these parts of the

machine was to pass a small amount of fine sand through

them. The dust-feed chute was also very difficult to

properly clean.

The inability to properly clean the equipment caused

not only the inconsistancy of dust feed discussed above,

but also a mixing of dusts where more than one type of

dust was used in a series of tests.

Clogging of the Exhaust Fan

The exhaust fan which was of the forward curved

blade centrifugal type was completely clogged by micronized

cepper sulfate dust in one instance. This clogging occurred

after the equipment had been used continuously for approxi-

mately a week using only micronized copper sulfate dust.

Recommendations for Changes

It was felt that before further experiments were run

using the laboratory experimental equipment certain im-

provements ought to be made. In general it was felt that

the feeding equipment ought to be redesigned to reduce

the amount of dust deposited in the system and to facilitate
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the cleaning of the system. Specific recommendations are

the following:

1.

2.

3.

Relocate the dust-feed belt with respect to the

fan in such a way that the dust is thrown directly

fromzthe belt into the fan intake by the dust-feed

brush. This would eliminate dust deposited in the

dust-feed chute which was excessive under some cir-

cmmstances.

Replace the feeding-fan tube, H, Figure l, with a

smooth tube of constant diameter. Provision should

be made for cleaning this tube by means of a long-

handled cylindrical brush.

The feeding fan should have a housing, one side of

which could be removed easily for cleaning.

With the previously mentioned improvements made it

should be possible to eliminate the inertial fan

and use the air stream from.the feeding fan to de-

posit dust by inertial forces. This would be more

nearly analogous to field dusting. It would also

eliminate the discharging of charged aerosols by

a grounded inertial fan.

5. When the feeding fan is Operated at less than 3600

revolutions per minute the air flow past the wet

bulb thermometer in the dust chamber should be in-

vestigated. If necessary a small fan which would

not heat the air should be directed at the wet bulb.



£3

ARTIFICIAL LEAF-SURFACE EXPERIMENT

Equipment and Technique

Artificial Leaf Surfaces

Four artificial leaf surfaces were used. These sur-

faces were chosen in such a way as to isolate certain

surface conditions.

All the surfaces used were placed on aluminum disks

three inches in diameter. Each had an area of 7.07 square

inches.

‘gglished aluminum surface. This was the surface used

by Splinter (2) in his work on inertial and gravitational

dust deposits.' It was included to facilitate a comparison

between the other leaf—surface data obtained in Splinter's

work. It also served to show the magnitude of deposition

on a smooth surface. It is pictured in Figure 7.

Sandblasted aluminumggurface. This surface was made

by sandblasting an aluminum disk such as the ones described

above. It was included in order to evaluate the effect

of surface roughness on dust deposition. Figure 8 is a

photomicrograph of this surface. The depth of the "valleys"

averaged about 0.02 millimeters and in some cases was as ‘

much as 0.0h.millimeters. The width of the "valleys" was



 
Fig. 7. Polished aluminum artificial leaf.



 
Fig. 8. Photomicrograph of sandblasted aluminum

surface. The magnification is approxi-

mately 70.



 
Fig. 9. Sandblasted aluminum artificial leaf.
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of the order of 0.1 millimeters. Figure 9 is a picture

of a sandblasted aluminum disk.

Wax surface. Many leaves have a wax covered surface

and such a surface was included in this experiment. It

was made by dipping an aluminum disk into a beaker of

molten sealing wax as shown in Figure 10. A closeup of

the surface is shown in Figure 11.

Petroleum jelly:gurface. This surface was included

in order to obtain a sticky surface which would hold all

particles which struck it. By comparing the deposition

on such a surface with the deposition on other surfaces the

degree of erosion from.the latter surfaces could be deter-

mined. The petrolewm jelly surface was made by applying

petroleum.jelly to an aluminum disk with a cotton swab as

shown in Figure 12. {The surface is pictured in Figure 13.

Selection of a Dusting Material

Hydrated copper sulfate was chosen as a dusting mater-

ial because (1) it was adapted to chemical evaluation

methods which would be necessary in the second experiment,

and (2) it could be obtained with a "standard" particle

size and could be ground to a "micronized“ particle size.

Standard copper sulfate. This material was obtained

 

under the commercial name ”powdered bluestone". It had a

range of particle sizes from one to thirty microns (h).



 
Fig. 10. Coating artifical leaf with wax.
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Fig. 11. Wax-coated aluminum artificial leaf.
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Fig. 12.

 

Coating artificial leaf with petroleum

jelly.
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Fig. 13.
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Petroleum-jelly coated aluminum artificial

leaf.
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A complete size analysis is given in Table I. The apparent

density was approximately .86 grams per cubic centimeter.

This dust had comparatively little tendency to adhere to

the surfaces of the dust-feeding system.af the laboratory

dusting equipment.

;§igronized copper sulfate. Standard copper sulfate

was run through a "micronizer" to obtain.micronized copper

sulfate. The ”micronizer" was a commercial machine oper-

ated by compressed air. It had no moving parts, but the

grinding action was accomplished by two high velocity air

streams perpendicular to each other. After going through

this machine the particle size was reduced to a range of

from less than one to eight microns (A). Table I gives a

complete size analysis.

The properties of the dust changed rather sharply when

it was “micronized“. The micronized dust was distinctly

lighter in color and the apparent density changed from.0.86

to 0.3a grams per cubic centimeter. However the finer dust

was more easily compacted. It also had a very marked ten-

dency to adhere to any type of surface it contacted when

suspended in air.

Before going into the air stream the micronized dust

was made up entirely of small clumps and the individual

particles had a strong tendency to adhere to each other.

To determine the condition of the dust while being deposited
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TABLE I

DUST PARTICLE-SIZE DISTRIBUTION*

W

Particle 312° Percent-of‘Humbepof Particles
 

 

Micr°n5 Standard CuSOu‘SHZO Micronized CuSOu~SH20

Less than 1 10.0 20.5

1 - 2 32.3 57.1

2 - a 19.5 17.7

h - 6 10.2 3.h

6 - 8 s.u .9

8 - 10 s.u .3

1o - 12 3.3 .1

12 - 20 10.2 --

20 - 30 '2.8 --

More than 30 .9

 

a Particle-size analysis was made by microscOpic means

by No To Ban (1].)0
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a microscope slide was exposed to the inertial air stream.

Upon examination it was found that many small clumps of

particles existed in the air stream but that few of these

were over 15 microns in size.

Air Velocities

Three air-stream.velocities were used to deposit dust

on the artificial leaf surfaces. {Phese were 300, 900, and

ILOO feet per minute. They were selected as a range which

would go all the way from.a low velocity to one which might

be expected at the plant surface in the direct air blast

from.a field duster.

Evaluation Method

Direct weighing was the deposit evaluation method used

in this experiment. The artificial leaves were weighed on

analytical balances before and after exposure to the aerosol

stream. These balances were accurate to within plus or

minus 0.1 milligram.

Experimental Design

A randomized block design of three classifications was

used for the experiment. There were four surfaces, two

dusts, and three air speeds. In addition the experiment

was replicated four times giving a total of 96 tests.

Within each replication all the tests with one dust

were run in a group to help avoid the mixing of dusts. Other-

wise the tests were completely randomdzed.
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Test Procedure

Layout. Figure uishows the arrangement of equipment

for the artificial leaf-surface experiment. Two persons

were used in the conduct of the experiment. One was on

the left of the table in Figure 1h and operated the exper-

imental dusting equipment, B. The other was on the right

of the table and operated the analytical balance, 0.

Experimental conditions. The conditions under which

the experiment was run are listed below.

1. Temperature. The temperature was maintained between

eighty and ninety degrees Fahrenheit.

2. Relative humidity. The relative humidity was main-

tained at sixty percent plus or minus three percent.

3. Feeding rate. iPhe dust feeding rate was twenty grams

of dust per test run.

u. Exposure time. {The artifical surface was left in the

dusting chamber while the inertial fan was run for

two minutes.

‘Egpgpimental_procedure. The experimental procedure

for the operator of the dusting equipment was as follows:

1. The outlet tube of the inertial fan was cleaned with

a brush and the inertial fan allowed to run at full

speed for thirty seconds.

2. A twenty- gram.sample of dust was weighed out and placed

in a uniform.band four and one-half inches long on the

dust-feed belt.
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Fig. 1b. Arrangement of equipment for artificial

leaf-surface experiment. The equipment

designated by letters is the following:

A. Artificial leaves

B. Dusting chamber

0. Analytical balance

D. Balance for measuring dust for feeding

E. Microscope
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3. The air velocity was set by means of the autotrans-

former and entered in the data book.

h. The preper artificial leaf was placed in the dust

chamber and its surface type entered in the data book.

5. The relative humidity reading was taken and entered

in the data book.

6. The inertial fan and the metering mechanism were

run for two minutes.

7. The artificial leaf was taken from the dust chamber

and any remarks pertaining to the test were entered

in the data book.

If an aerosol sample was taken, the filter was placed

in its holder before the test was begun.and the vacuum.pump

turned on one-half minute after the metering mechanism and

turned off one minute later. The operator of the balance

weighed the artificial leaves and the membrane filters.

Cleaning procedure. The outlet tube of the inertial

fan was cleaned before each test. The dust-feed chute,

feeding fan and tube, and inertial fan were cleaned with

sand every 16 tests when the dust particle size was switched.

Aerosol eggplipg. Membrane filter samples* of the

aerosol density were taken every second test during the

first half of the experiment and every fourth test during

the last half of the experiment.

 

* See ”Measurement of Aerosol Density,” page 15. .
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Re-run of First Replication

A number of refinements were made in the experimental

procedure while the first repliCation was being run. For

this reason the data obtained at this time was not used,

and another replication was run to replace it.

Miscellaneous Re-runs of Tests

In certain tests there were errors in technique, such

as poor timing, or failures in the equipment, such as the

depositing of large clumps of dust on the experimental

surface. In these instances the errors were noted and the

tests were re-run at a later date.

Use of Electrically Charged Dust

In addition to the tests described above, tests were run

using charged dust in the artificial leaf surface experi-

ment. The investigators did not realize until after the

experiment had been completed that these tests would be

invalid because of the possibility of the dust being dis-

charged as it passed through the inertial fan.* Because of

this situation the results of these tests are considered to

be of little value and are not included in this report.

Results of Artificial Leaf-Surface Experiment

Dust-Feeding Consistency

As was discussed under ”Shortcomings of Experimental

Dusting Equipment" (page 15 ) problems were encountered in

* See "inertial Fan", page 15.
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holding the amount of dust entering the dusting chamber

constant. In this experiment aerosol samples taken on the

membrane filters varied by as much as a factor of two in

some cases as shown in Figure A-l. The results were con-

sistently low immediately after cleaning the feeding system.

These extremely low readings were re-run, but otherwise no

correction was made for variation in dust feed. It was

felt that the error in interpolation to obtain correction

factors for tests where no aerosol sample was taken would

be greater than the irregularities in dust feed.

Analysis of Variance

One analysis of variance was made of the data for the

smooth and sandblasted aluminum surfaces and another of

the data pertaining to the wax and petroleum.Jelly surfaces.

This division of the data was made because the significance

of the difference between the two groups of data was obvious

upon inspection (Table A-I).

The two analyses of variance are given in Tables II

and III. The analysis for the smooth and sandblasted

aluminum.surfaces shows significance at the one percent

level for the difference between air speeds and the dif-

ference between dusts, but no significance at the five per-

cent level for the difference between the deposit on the

two surfaces. The interaction between air speeds and dusts

was also statistically significant.



#0

TABLE II

ANAEYSIS 0F VARIANCE 0F DEPOSIT DATA FOR POLISHED

AND SANDBLASTED ALUMINUM SURFACES

(Data in Table A-1)

 

 

Degrees of Sum.of

 

Source Freedom. Squares Mean Squares F

Total _ h? 7513.886

Surfaces 1 18e2§3 18.53 e88

Velocities 2 3213.826 1,606,912 77.0S**

Dusts 1 1395.363 1,395,363 66.91**

Surfaces-

Velocities 2 23.313 11.656

Surfaces-

Dusts 1 5.070 5.070

Velocities- ,

Dusts ~ 2 2091+.805 1.01;? .uoa 50.22....

Sur.-Vel.- '

.Dusta 2 12e’466 6.233

Error 36 750.790 . 20.855

 

es Significant at 1% level
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TABLE III

ANALYSIS OF VARIANCE OF DEPOSIT DATA FOR WAX

AND PETROLEUM JELLY SURFACES

(Data in Table A-I)

 

 

 

Source Dggzgszmof 32:25:: Mean Squares F

T0153]. “‘7 (4-7 p 287 e 227

Surfaces 1 8,970.801 8,970.801 129.u1**

Velocities 2 19,350.833 9,675.u16 139.58**

Dusts l 11,156.901 11,156.90] 160.95**

Surfaces-

Velocities 2 3,h03.895 1,701.9h7 24.55**

Surfaces- '

Duets l 1,160.333 1,160.333 16.7hfi*

Velocities-

Dusts 2 606.878 303.u38 h.38*

3111' e -Vel e '-

Dusts 2 ‘1h2.096 71.0h7

Error 36 21].. 95heh90 69 e319

 

*Significant at 5% level

*fiSignificant at 1% level
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In the analysis of variance of the wax-petroleum jelly

data all treatments and all interactions showed significance.

The practical significance of these results will be dis-

cussed below.

Effect of Surfaces

There was no significant difference between the pol-

ished and the sandblasted aluminum.surfaces. However, the

wax surface had an average deposit twice as great as that

on the two aluminum.surfaces as can be seen in Figure 15.

The petroleum jelly surface had an average dust deposit

almost four times as great as that on the aluminum surfaces.

The increased deposit on the latter two surfaces was attri-

buted to reduced erosion of dust from these surfaces. This

apparently was due to the tendency of the dust particles

to be embedded in the softer materials and to any forces

of adhesion between the particle and the surface material.

Figures 16, 17, 18 and 19 show dust deposited on the four

types of surfaces.

Effect of Particle Size

In order to understand the effect of particle size

on deposition, the relationship between the effects of par-

ticle size and surfaces must be considered. This relationshn)
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Fig. 15. The effect of artificial leaf surfaces on

dust deposition. These values are the

average of the deposits of copper sulfate

dusts of two particle sizes at three air

velocities.



 
Fig. 16. Dust deposit on polished aluminum artificial

leaf. "Micronized" dust was deposited at a

300 fpm air velocity. It can be seen that

at this velocity the deposit was nearly

invisible.



 

Fig. 17. Dust deposit on sandblasted aluminum

artificial leaf. "Standard" dust was

deposited at a 1h00 fpm air velocity.

1&5
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Fig. 18. Dust deposit on wax-coated aluminum

artificial leaf. "Micronized" dust

was deposited at a 1h00 fpm.air velocity.
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Fig. 19. Dust deposit on petroleum jelly coated

artificial leaf. "Micronized" dust was

deposited at a lhOO fpm air velocity.
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is shown in Figure 20. It will be noted that in the case

of the standard dust the deposit on the aluminum surfaces

was very low, while the deposit on the "soft" surfaces was

comparatively very high. On the other hand, in the case

of the micronized dust the variations in deposition were

much less extreme. The aluminum surfaces had a greater

deposit of micronized dust than of standard, while the

two "soft" surfaces had lower deposits of the micronized

dust.

A possible explanation of the facts mentioned above

is as follows:

1. The dust deposited on a surface will be equal to the

quantity of dust striking the surface minus the quan-

tity "eroded" away by the air stream or by bombardment

by other particles.

2. The quantity of dust striking the surface will be de-

pendent upon the momentum of the particles since the

air stream will bend as it nears the surface and tend

to carry the dust particles with it. Since momentum

is proportional to velocity and mass, the momentum of

the particles will be dependent on the particle size.

3. Erosion will be retarded by the adhesive forces be-

tween the particle and the surface and by the embedding

or the particles in the material of the surface.

A. Forces of adhesion are assumed to be greater in rela-

tion to forces causing erosion for smaller particle
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Fig. 20. The effect of dust particle size and arti-

ficial leaf surfaces on dust deposition.

These values are averages of the deposit at

the three air velocities reported on page 3h.

The particle size distributions for the

standard and micronized copper sulfate dust

are given in Table I. The artificial

surfaces represented by letters are the

following:

A. Polished aluminum

B. Sandblasted aluminum

C. Wax coated aluminum

D. Petroleum jelly coated aluminum
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sizes. That is to say that under the same conditions

there will be greater erosion of standard dust than

of micronized dust.

On the alwminwm surfaces the forces of adhesion were

relatively small and there was no embedding of par-

ticles. Therefore in the case of the standard dust

there was a very low deposit on these surfaces because

of a very high degree of erosion. However, there was

less erosion of the micronized dust; consequently a

larger deposit was left on the surface as shown in

Figure 20.

On the wax and petroleum.Jelly surfaces the forces

of adhesion were much greater, and there was also a

possibility of particles with high momentum.embedding

themselves in the surface material. Since the larger

particles in the standard dust had greater momentum

than the smaller ones in the micronized dust, a larger

proportion of them.struck the surfaces. Since erosion

was retarded on the wax and petroleum Jelly surfaces,

these surfaces had very large deposits of standard dust

as shown in Figure 20. However, the deposits of mi-

cronized dust on these surfaces was lower, because a

smaller quantity of this dust strikes the surface.

This was due to the lower momentum of the smaller

dust particles.
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Effect of Variation in Air Velocity

As was pointed out in the discussion of the inertial

fan (page 15 ) the quantity of dust directed at a surface

was proportional to the air velocity. However, the dis-

cussion which follows is based on.deposit data which has

been corrected to represent a constant quantity of incident

dust. This correction assumes a linear relationship between

deposit and quantity of incident dust and neglects any in-

creased erosion that increased incident dust might cause.

The details of the correction are given in Appendix A.

The variation of the air velocity of the incident air

stream.gave distinctly different results with the two dust

sizes used. The corrected deposit of the standard dust

decreased with increased air velocity while the reverse

was true for micronized dust as can be seen in Figures 21

and 22. This might be explained in terms of the proposed

explanation discussed under "Effect of Particle Size" as

follows:

1. The erosional forces of standard dust increase so

rapidly with increase in air velocity that the in-

creased erosion.more than offsets the increased!

amount of dust striking the surface.

2. The reverse situation is true of the smaller micronized

particles, so their corrected deposit increased with

increased air velocity.
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The effect of artificial leaf surfaces and air
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for variation in incident dust quantity with air

velocity as explained in Appendix A.
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It is interesting to note that the curves of corrected

deposit against air velocity in Figure 21 and 22 are all

very close to straight lines. This would tend to indicate

that both the quantity of erosion and the quantity of dust

striking the surface are related to the air velocity in a

linear manner, although this indication is far from.con-

elusive.

Interactions

The cause of the significant velocity-dust interaction

is apparent from.Figures 21 and 22 and the dis¢ussion above.

The slepe of the velocity-dust curve is positive for micronized

dust, but negative for standard dust.

The dust-surface interaction was significant for the

wax and petroleum.jelly surfaces. It can be seen from

Figure 23 that the magnitude of the difference of the de-

posit on these two surfaces varies from 3.72 milligrams for

standard dust to 1.76 milligrams for micronized dust.

Figure 23 shows the reason far the significant

velocity-surface interaction. There is a definite

difference in the slope of the air-velocity versus deposit

curves for the wax and petroleum.Je11y surfaces.

Further study would be required to evaluate the prac-

tical significance, if any, of the latter two interactions.
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Quantity of Dust Directed At Surface

It was possible to compute the amount of dust which

was directed at the test surface by knowing the aerosol

density* and the air velocity. This involved making the

assumption that the aerosol density at the outlet of the

inertial fan was the same as that at the membrane filter

where the aerosol sample was taken.

With an aerosol density of 1h.3 milligrams dust per

cubic foot of air, which was average, and an air speed of

300 feet per minute, #20 milligrams of dust were directed

at the test surface. This was from.nine to #00 times the

quantity of dust which was actually deposited on the sur-

faces at that speed. The details of the foregoing calcu-

lations are in Appendix A.

a See "Measurement of Aerosol Density" page 15 .



CHEMICAL EVALUATION METHODS FOR PLANT LEAF-SURFACE EXPERIMENT

Before an experiment could be conducted using actual

leaf surfaces, a method had to be devised to evaluate the

dust deposits obtained. Preliminary tests indicated that

leaves lost weight through evaporation far too rapidly to

permit the use of direct weight evaluation.

Another approach to the evaluation problem.is that of

chemically analyzing a solution in which the dust deposit

has been dissolved. This method has been quite generally

used, but the analysis has'been restricted to time-consuming

procedures confined to the chemistry laboratory. In this

investigation it was thought impractical to depend on a

chemistry laboratory for deposit evaluation, and a method

was sought which was more rapid and which could be carried

out outside of the laboratory.

Two possibilities for rapid deposit evaluation were

tried -- volumetric copper titration and polarographic

analysis. They are discussed below.

Perfection of Volumetric Copper Titration

Preliminary Investigation by Brazee

After investigating three deposit evaluation possi-

bilities, Brazee (3), working at Michigan State College,
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found one which showed promise. This method, which has the

chemical name of volumetric copper titration, is actually a

fast, simple, method of determining the copper content of a

solution. Brazos tested the method for accuracy using

known copper concentrations and adding impurities such as

might be encountered in washing deposits from leaves in the

field. These tests gave satisfactory results.

Brazee did not report testing a leaf washing procedure

by evaluating actual dust deposits, although he did suggest

such a procedure. Also his work dealt with larger quantities

of copper than was anticipated in the leaf surface experi-

ment for this study. These two problems, then, remained to

be worked out before the method could be used.

Summary of Technique

The volumetric copper titration technique is summarized

below. A detailed description of the mechanics of the tech-

nique are included in Appendix B, while the reader is referred

to the thesis by Brazos (3) for a more detailed discussion

of the theory involved. H

1. Potassium iodide is added to the solution containing

an unknown amount of copper. It reacts to release

free iodine in a quantity proportional to the amount

of copper present. The formula for the reaction is

the following:

ZCuSOh + MI .9. 20uI + 2K280h + 12
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2. A starch indicator is added which turns a dark blue

in the presence of free iodine.

3. A measured quantity of sodium thiosulfate is added

just sufficient to clear the blue color from the solu-

tion. The sodium thiosulfate reacts with the free

iodine and brings it into a combined state, thus re-

moving the cause of the blue color. {This occurs ac-

cording to the formula

12 '0' 211825203 -—> 2NaI + Nazshoé

The quantity of sodium thiosulfate added, then, is

preportional to the quantity of copper present in

the solution.

Adaptation to Plant Leaf-Surface Experiment

Increasing‘sgggitivity. Brazee, in his study of the

volumetric copper titration procedure, used quantities of

cOpper in his test solutions ranging from.approximately ten

to 100 milligrams. It was found in preliminary tests that

in the plant leaf-surface experiment of this study it would

be necessary to measure quantities of copper well below one

milligram. Consequently a way was sought to increase the

sensitivity of the procedure.

The method used to accomplish this was to reduce the

concentration of the sodium.thiosulfate solution. Brazos

had used a solution one milliliter of which would titrate
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approximately ten milligrams of copper. The concentration

of this solution.was cut by a factor of ten so that one

milliliter would titrate only about one milligram of cOpper.

Prelhminary tests with this more dilute sodium.thio-

sulfate solution indicated an accuracy of plus or minus 0.05

milligrams of copper could be obtained. It seemed imprac-

tical to further dilute the titrating solution, however,

because the end point in the procedure was not sufficiently

sharp to give any further increase in accuracy.

The use of a five milliliter capacity burette which was

calibrated in hundredths of a milliliter was also useful in

increasing the accuracy obtainable. This burette is on the

right in Figure 2h.

Leaf wagging techniqg_. If the results of a chemical

analysis type of deposit evaluation are to be accurate an

efficient method of dissolving the deposit in the wash solu-

tion must be devised. Tests indicated that washing the

leaf samples by agitating them for 30 seconds with 50 milli-

liters of distilled water in a one-half pint fruit jar was

adequate.

Preliminary tests of this washing technique included

both washing the leaf samples a second time and dry ashing

the leaves after the first washing. In neither case was

any copper detected which had been left on the leaf after

the first washing. Both tests were replicated four times.



Fig. 2A.
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Apparatus used for volumetric copper titration.

The apparatus indicated by letters is the

following:

A. Twenty-five ml burette containing

potassium iodide.

B. Five ml burette containing sodium

thiosulfate.

C. Starch solution.
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Advantages and Limitations

The advantages and limitations of volumetric copper

titration may be listed as follows:

1.

2.

5.

6.

Rapidity. The entire evaluation including sampling

could be accomplished in less than five minutes.

Portability. All necessary equipment could easily be

set up in the field.

Simplicity. -Comparatively little-chemical knowledge is

required of the operator.

Cost. All necessary equipment_and supplies could be

procured for less than 25 dollars.

Versatility limited. Since the technique is one for

copper analysis, it is limited to materials containing

copper. It has only been tested using hydrated copper

sulfate.

Sensitivity limited. The maximum sensitivity which has

appeared practical is plus or minus 0.1 mdlligram.of

copper.

Polarographic Evaluation

{Ehe polarograph is a very versatile instrument for

both qualitative and quantitative chemical analysis. It

was adapted by Ban (14,) to use in the analysis of solutions

containing small quantities of copper sulfate such as those

encountered in copper sulfate dust deposit evaluation. The
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deveIOpment of a leaf washing technique is reported below

together with a simplified theory of the instrument. A

detailed description of the polarographic evaluation tech-

nique is included in Appendix B.

For a more thorough treatment of the polarograph the

reader is referred to Chapter XVII in Iggtrumental Methodg

of Analysis by Willard, Merritt, and Dean (8) and to the

two volume work, Polarography by Kolthoff and Lingane (9).

Simplified Polarographic Theory _

The polarograph is essentially an apparatus for plotting

the voltage-current curve of an electrolytic cell containing

the unknown solution. As shown in Figure 25 it contains a

battery and a rheostat for applying any desired voltage

within its range (usually zero to three volts). The elec-

trolytic cell is a container for the test solution which is

equipped with two electrodes to place a potential across the

solution. One of these electrodes is comparatively very

large while the other is very small. ‘A very sensitive gal—

vanometer measures the current flowing through this cell.

In order for current to flow through such a cell, the

chemical ions in the solution.must migrate to the electrodes

and gain or lose electrons. In other words, the dissolved

compound of unknown concentration must be electrolytically

decomposed. However, below a certain potential no decompo-

sition will occur, and, in theory, no current will flow.
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Schematic diagram of polarographic circuit.

 

Fig. 26.

 

Applied potential

A typical polarographic curve. The voltage

at which the step occurs determines the

nature of the material while the height of

the step, 0, determines the concentration

of the material in solution.
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This critical potential is known as the decomposition poten—

tial. Each element has a characteristic decomposition poten-

tial of its own.

In plotting the voltage current curve, then, very little

current flows until the decomposition potential is reached.

At this point there is a sudden jump in current as shown in

Figure 26. The voltage at which this jump occurs indicates

the type of ion which is being oxidized or reduced at the

small electrode.

If there were an abundance of ions to be oxidized or

reduced at the small electrode the curve in Figure 26 would

follow a straight line after the decomposition potential

was reached as shown by line B. However, very soon after

decomposition begins the supply of ions around the electrode

is depleted. This sets up an ion concentration gradient be-

tween the area around the small electrode and the rest of

the solution. Diffusion through this concentration gradient

will bring ions into contact with the electrode at a defi-

nite rate which is proportional to the concentration. This

will permit a definite current to flow through the cell

which is proportional to the concentration of the unknown

solution. This current is known as the diffusion current

and is indicated by the height of line A.

lIt is necessary to add to the unknown solution another

compound known as a supporting electrolyte to prevent
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electric forces from disturbing the normal migration

of ions through a concentration gradient.

In order to prevent the surface of the small electrode

from.becoming covered with the material which it is

oxidizing or reducing’a constantly changing drop of mercury

coming through a capilléry tube is used for this electrode.

There are other factors which must be considered, but

the foregoing discussion attempts to give a general picture

of polarographic theory.

Adaptation to Deposit Evaluation

Washing technique. Since the polarograph.measures

concentration and not the quantity of the unknown in a

solution, it was important that the volume of the wash solu-

tion be as small as practicable, and that its volume be ac-

curately measured. Consequently a quantity of 2h.5 milli-

liters of wash solution was used, and it was measured by

means of a specially calibrated volumetric pipette.

In order to polarographically analyze the wash solu-

tion it had to contain a O.u normal potassiumpsulfate a

electrolyte concentration and a 0.02 percent concentration

of gelatin. A stock solution containing 0.071 grams potas-

sium sulfate per milliliter was made up. When 0.5 milli-

liters of one percent gelatin solution were added to 2h.5

milliliters of stock wash solution immediately before the

analysis, 25 milliliters of a solution containing the
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proper concentrations of both materials was obtained. The

gelatin had to be added immediately before analysis because

it fermented within a period of a few days.

A standard procedure of agitating the leaf sample and

wash solution for one minute and then allowing the leaf

sample to remain in the solution for at least five minutes

was adopted. Hashing tests similar to those described

under "Washing Technique" for the titrimetric evaluation

indicated that this washing method was adequate. In some

cases in these tests as much as 0.01 mdlligram of dust was

detected on the second washing, but this was below the

accuracy of the evaluation method and would have no effect

on the re sults .

Calibration of polarograp . When the nature of the

:material which is being polarographically analyzed is known

and.all that is desired is quantitative results a complete

jpolarographic curve need not be drawn for every test. All

that is necessary in this case is to know the diffusion

current. this can be determined by taking only one reading

at a definite voltage above the "step." on the curve, once

the characteristics of the curve—are known. ‘

For this reason a calibration was made of the polaro-

graphic current readings at 0.14.00 volts. Figure A-2 shows

this calibration plotted on a curve of centimeters on

polarograph galvanometer against milligrams c0pper sulfate
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dissolved in 25 milliliters of solution. Copper solutions

of known concentration were used in the calibration. The

weight of copper sulfate dissolved in 25 milliliters solu-

tion was obtained by calculation.

Use of multiple polarographic cellg. In the polaro-

graphic analysis it is necessary to remove the oxygen from

the solution under test by bubbling nitrogen through it for

approximately ten minutes. In order to speed up the pro-

cedure a special stand capable of holding five polarographic

cells was constructed. This permitted the operator to '

analyze the solution in one cell while nitrogen was being

bubbled through other solutions in other cells. Figure 27

shows the multiple cell arrangement with the polarograph:

In practice it was found that three cells is the opti-

mum.number to be used at one time in.such.a procedure. The

use of three cells penmitted the time per analysis to be

reduced from approximately 15 minutes to seven minutes.

Advantages and Limitations

The advantages and limitations of the polarographic

evaluation.method may be listed as follows:

1. Sensitivity. The instrument can detect as little as

a fraction of a part per million of copper. This is

equivalent to less than 0.01 milligrams of hydrated

copper sulfate dissolved in 25 milliliters of solution.



 

 

 

JFig. 27. Apparatus for polarographic analysis.

The equipment indicated by letters is

the follbwing:'

A. Polarograph

B. "H" type polarographic cell

C. Calomel electrode

D. Mercury reservoir for drOpping

mercury electrode
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Versatility. The polarograph is suitable for analyzing

a wide variety of materials. At this writing it has

been used only for copper in deposit evaluation, but

it potentially could be used for a wide variety of

materials including organic chemicals.

Rapidity. Approximately seven minutes per analysis is

required to analyze a group of wash solutions. However

approximately 15 minutes is needed to analyze a single

solution.

Relative simplicity. The polarographic analysis is

decidedly more complex than the volumetric copper titra-

tion previously described. However, it is simple enough

to be conducted outside of the chemistry laboratory by

semi-skilled technicians.

Portability. It is possible, though somewhat difficult,

to make the polarograph portable enough to take to the

field.

Cost. The equipment necessary for the polarographic

evaluation is decidedly more costly than that required

for the titrimetric method.



PLANT LEAF-SURFACd EXPERIMENT

Equipment and Technique

Surfaces

Leaf surfaces to be used in this experiment were chosen

which were typical of vegetable crops to which pesticidal

dusts.were commonly applied. Leaves from.three species of

plants -- bean, tomato, and lettuce -- were used. Both the

top and bottom surfaces of these leaves were investigated.

Thus a total of six leaf surfaces was included in the exper-

iment.

The characteristics of leaf surfaces vary widely, even

for a particular species or variety. Those used in this

experiment are described below.

Bean leavgg. The tops of bean leaves were somewhat

rough.and moderately pubescent. The venation stood out

slightly'and produced a somewhat random pattern as can be

seen in.Figure 28. The bottoms of the leaves were rather

smooth.except for the prominent veins. As can be seen in

Figure 29 a large part of the pubescence was located along

the veins.

The bean leaves used in this experiment were from.mature

plants grown in flower pots in a greenhouse. They were left
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Fig. 28. Top of bean leaf magnified four times.

The coordinate paper in the lower part

of the picture was used to determine the

magnification. It had twenty lines per

inch.

 
Fig. 29. Bottom of bean leaf magnified four times.
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on the plant until immediately before use. The bean variety

was Burpees Stringless Green Pod.

Tomato leaves. As is evident in Figures 30 and 31, the

tomato leaves were smoother than the bean leaves, except

that the larger veins were very pronounced. These leaves

were also somewhat more pubescent than the bean leaves.

The tomato leaves used in the experiment were from

mature plants in the field. {They were of the Long Bed

variety. In general, the older leaves were used in order

to get leaves large enough for test purposes. The stems of

the tomato leaves were placed in water to prevent wilting

before using.

Lettuce_leaveg. The lettuce leaves had rather smooth

waxy surfaces with no pubescence. However, they were wrinkled

into very uneven contours as can be seen in Figures 32 and 33.

The lettuce was grown in flower pots in a greenhouse,

and the more mature leaves were selected for experimental

work. The Grand Rapids variety of lettuce was used. 1rhe

leaves were left on the plant until immediately before use.

Mounting of Surfaces

The leaves to be used in the experiment were mounted

in frames in such a way that only one side of the leaf was

exposed to dust. The frame also held the leaf flat and
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Top of tomato leaf magnified four times.

 
31. Bottom.of tomato leaf magnified four times.
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Fig. 32 . Top of lettuce leaf magnified four times.

 
Fig. 33 . Bottom of lettuce leaf magnified four times.
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permitted it to be oriented at any angle with respect to

the incident aerosol.

The two types of leaf frames which were used are shown

in.Figure 3h. The leaf was placed between the solid sheet-

metal plate at the top of the picture and one of the plates

at the bottom which had holes cut in them. The spring clips

at left were used to hold the frames together. A bean leaf

in a frame can be seen in Figure 36.

The frame at the right in.Figure 3L was the type used

for bean and lettuce leaves. It had an Opening one and one-

fourth inches square. However, this opening was too large for

use with.tomato leaves. Consequently the frame at the left

in the picture was constructed in order that two tomato

leaves could be dusted at once. In this way the same leaf

area.could be dusted on each test for all types of leaves.

The leaf area which was sampled on each test was one

square inch. However, the frames were large enough to allow

a one-eighth.inch.margin between the sampled area and the

frame in order to eliminate edge effects caused by the

thickness of the frame.

The leaf sample was taken by cutting a one square inch

leaf area directly out of the frame with a razor blade as

shown in Figure 35. The scribed lines which are visible on

the frames in Figure 36 marked the boundary of the one

square inch area.
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Leaf frames. The leaves were held in posi-

tion to he dusted by these metal frames.

The leaf was placed between the two pieces

of metal and the portion to be dusted was

exposed through the Opening. The frame

was held together by the clips at the left.

The frame at the right with the single opening

was used for bean and lettuce leaves. The

'frame with two rectangular openings was

used for tomato leaves.
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Fig. 35. Cutting leaf sample from.frame. Lines

scribed on the frame marked the boundaries

of the leaf samples.
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Ieaf Angles

In most of the previous study of dust deposition at

Michigan State College it was assumed that the surface to

be dusted was perpendicular to the aerosol stream.atriking

it. However, in field dusting work the leaf orientation

may be quite variable. Indeed, the high velocity air

stream of the field duster tends to deflect any leaves which

may be perpendicular to it.

For these reasons tests were included in this experi-

ment in which the leaf surface was oriented at three angles

to the incident,dust-laden air stream. The surface was

placed perpendicular to, at a hS degree angle to, and paral-

lel to the incident aerosol stream.

A special holder for the leaf frames was built which

could be quickly and accurately set to hold the leaf in any

of these positions. This leaf frame holder is pictured in

Figure 36.

Air Velocities

Air velocities at the surface to be dusted of 300, 900

and 1500 feet per minute were used in the plant leaf-surface

experiment. As in the artificial leaf-surface experiment,

these velocities were selected to give a range from.a

velocity typical of that at a leaf directly in the path of

the air stream of a field duster to a low velocity such as

might strike a "sheltered" leaf in the field.



Fig. 36..
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Leaf frame holder. This holder could be

adjusted to hold the frame at an angle

of ninety, forty-five, qr'zero degrees

with respect to the incident air stream.
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Deposit Evaluation Method

The dust deposits were evaluated by the polarographic

method as described under "Polarographic Evaluation" begin-

ning on page 61 . Preliminary tests indicated that the

simpler volumetric copper titration technique was not suf-

ficiently sensitive.

Dusting Material

Only one dusting material, micronized hydrated copper

sulfate, was used in the plant leaf-surface experiment. This

dust is described under "Micronized Copper Sulfate" on page 32

and a size distribution is given in Table 1.

Experimental Design

A randomized block experimental design was used for

the plant leaf-surface experiment. There were six surfaces,

three leaf angles, and three air velocities. The experiment

was replicated four times, resulting in a total of 216 tests.

Within each replication all the tests with each surface

were run in a group to facilitate the conduct of the experi-

ment. Otherwise all tests were completely randomized.

Experimental Procedure

Arragg‘ement of equipment. The arrangement of the exper-

imental equipment is shown in Figure 37. This arrangement

was designed in such away as to give a definite flow pattern

.for the materials used in the conduct of the experiment.
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Fig. 37. Arrangement of equipment for the plant

leaf-surface experiment. The equipment

indicated by letters is the following:

A. Dusting chamber

B.'Table with analytical balance and

data book

C. Table for leaf washing jars.

D. Balance for weighing dust for feeding.
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Such a pattern had two primary purposes -- (l) to reduce con-

fusion and the accompanying likelihood of error and (2) to

minimize the possibility of the leaves being exposed to stray

copper sulfate outside the dusting chamber.

The flow pattern for the experimental leaves began on

a table (not in picture) to the right of the equipment shown

in Figure 37. On this table leaves were kept in readiness

for use. Also on this table the leaves were placed in the

frames. From here the frames were moved to table B in the

picture where they were ready to be placed in the dusting

chamber, A. After being exposed to dust in the dusting cham-

ber, the leaf frames were placed on table C where the sample

was cut from the frame and placed in the wash solution jars.

The empty frames were cleaned on the right end of table C and

then returned to the table to the right on which the leaves

were kept. This completed the cycle.

The membrane filters were moved from.the vicinity of'

the balances on table, B, to the dusting chamber, A.

I The dust was kept to the left of the equipment in the

picture. It was weighed on the balance, D, and placed in

the dust-feed chamber also to the left of the picture.

Experimental conditiqng. The conditions under which

the experiment was run were the following:

1. Relative humidity. The relative humidity was maintained

at 60 percent plus or minus three percent.
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2. Temperature. The temperature in the dusting chamber

varied between 80 and 98 degrees Fahrenheit.

3. Dust feed. Twenty grams of micronized hydrated copper

sulfate dust were fed into the system during each test.

giggning_procedure. The inertial fan was cleaned before

each test as described under "Clumping in the Inertial Fan"

(page 20 ).

The cleaning procedure for the feeding system varied

somewhat during the experiment. During the first two repli-

cations the system.was not cleaned. It was hoped that by

this means the low aerosol densities immediately after clean-

ing which were observed in the artificial leaf-surface ex-

periment would be avoided. However, it became obvious that

the aerosol density was not being satisfactorily controlled,

and the system was cleaned at several points as indicated

on Figure 38.. (The degree of control of the aerosol density

will be discussed under "Correction for Variation in Dust-

Feed Rate" on page 86 ).

A special cleaning problem which developed involved an

accumulation of dust on the vertical wall of the dust-feed

chute (see Fig. 1) immediately in front of the dust-feed

brush. This accumulation of dust, which is discussed under

"Irregularity of Dust-Feed Rate" on page 18 , caused serious

inconsistencies in the aerosol density. .After it was dis-

covered in the fourth replication, the accumulated dust was
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cleaned off before each test for guy tests. fThen the dust-

feed brush was removed, thus eliminating the cause of the

,accumulation.

The leaf frames were cleaned after each use by thoroughly

wiping the dust from them with a cloth.

Aerosol sampling. An aerosol sample was taken from the

dusting chamber on a membrane filter once every fourth test.

Since the tests naturally divided themselves into groups of

nine, a filter sample was taken on the first, the fifth, and

the ninth tests.

For each sample l.h cubic feet of air was drawn through

the:membrane filter. This required the vacuum pump to be

operated two minutes.

Order ofpprocedure. The procedure for conducting the

experiment had two distinct parts. First, the leaf was ex-

posed.to the dust, and the sample for analysis was placed

in the wash solution. Second, the wash solution was analyzed

'polarographically. This second part of the test procedure

‘was carried out in another building and is described in de-

tail in Appendix B.

The following is.a step-by-step description of the opera-

tion.of the experimental dusting equipment:

1. A leaf was mounted in a frame while the previous test

was being run.

2. When the previous test was completed the outlet tube

of the inertial fan was cleaned with a brush and the
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fan was run at full speed for approximately thirty

seconds.

A twenty gram sample of micronized hydrated cOpper

sulfate was weighed out and placed in a four and one-

half inch band on the dust feed belt.

The frame containing the test leaf was placed in the

dusting chamber. The leaf-frame holder was set at the

proper angle and the setting was entered in the data

book.

The air velocity was adjusted by means of the auto-

transofrmer and this was entered in the data book.

The relative humidity reading was taken and entered in

the data book.

An automatic time switch which controlled the inertial

fan, dust-feed belt, and dust-feed brush was set for two

minutes. This turned the equipment on and started the

test.

While the equipment was running, the leaf frame used

on the previous test was cleaned and the leaf for the

following test was placed in a frame.

When the time switch turned the equipment off, the

leaf frame was removed from.the chamber and any unusual

features of the dust deposit were noted and entered in

the data book.

The leaf sample was cut from the frame and placed in

the jar containing wash solution by means of forceps.
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The feeding fan and exhaust fans were allowed to run

cont inuously .

On tests during which an aerosol sample was taken, a

mmnbrane filter was placed in the filter holder before the

test was begun, and a switch was thrown which allowed the

vacuum.pump to be Operated by the time switch also. Thus the

vacuum pump Operated simultaneously with the inertial fan.

Results of Plant Leaf-Surface Experiment

Correction for Variation in Dust-Feed Rate

Variation. In some instances the amount Of dust which

entered the dusting chamber per test during this experiment

varied by a factor of almost three*. As can be seen in

Figure 38 the aerosol sample dust weights varied from 11.1

to 28.0 milligrams in l.h cubic feet of air. Since the

amount Of dust deposited on the surface appears to be directly

dependent upon the quantity Of dust directed at the surface,

this lack Of control seriously limits the value of the exper-

iment. In order to Obtain the maximum amount Of information,

an attempt was made to apply a correction factor to the de-

posit data based on the aerosol-sample dust weights.

Assumptions necegsary for correction. Two assumptions

were necessary in order to correct the dust deposit data ac-

cording tO aerosol density.

 

* See ”Irregularity of Dust-Feed Rate", page 18; and

"Cleaning Procedure", page 83.
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First, the dust deposit must be assumed to be propor-

tional to the aerosol density. The degree Of error which

might be caused by this assumption is not known, but it

would appear that the assumption would be a good approxi-

mation. It is obvious that the amount of dust incident

upon the test surface was dependent upon the aerosol density.

It would appear that the amout of dust deposited might be

proportional to the amount Of dust striking a surface un-

less the increased quantity Of dust caused increased erosion.

It was also necessary tO assume that the dust-feed rate

varied linearly from test tO test during the intervals Of

four tests during which no aerosol samphas were taken. This

assumption was necessary in order to Obtain a value for the

aerosol-sample dust weights for the two—thirds Of the tests

for which no such data was taken. These values were Obtained

by graphical interpolation from Figure 38. It is evident

from the figure that the dust-feed rate did not vary linearly

from.test to test. (It is assumed that the dust-feed rate

and the aerosol density are proportional). However, certain

trends are evident. During the first replication most Of

the weights are above 20.0 milligrams, while during the

second replication the weights were largely below that value.

The third replication was more random, but even here the

weights for the individual groups Of tests are rather close

to the straight lines. After the brush was removed in the
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Fig. 38. Variation Of aerosol-sample dust weights

by consecutive tests during plant leaf-surface

experiment. Dotted lines connect the points

representing tests run in a group. Aerosol-

sample dust weights for tests for which no

sample was taken were read from this graph

as discussed on page 90. In certain instances

it was necessary to extrapolate lines in

order to get aerosol-sample data for all

tests. The aerosol density was assumed pro-

portional to the aerosol-sample dust weights.
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The points at which the machine was cleaned

are included on Figure 38. The cleaning

procedure is discussed on page 83.
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fourth replication the aerosol-sample dust weights followed

a rather consistent trend. lFor these reasons it was felt

that the aerosol-sample dust weights obtained by linear

interpolation were of some value, and would serve as a basis

for correction of the dust deposit data.

Calculation Of correction factor. The dust deposit data

was corrected to a base aerosol density of lh.3 milligrams

dust per cubic feet Of’air. This corresponded to an aerosol-

sample dust weight Of 20.0 milligrams in the l.L cubic feet

drawn through the membrane filters.

The deposit weight, g, was multiplied by a correction

factor, 2, which was Obtained as follows:

a

c 3 26:5‘—

where.g is the aerosol-sample dust weight in milligrams for

the test being corrected. Thus the corrected dust deposit,

2, is

D = cd = —§Q——-

20.0

Table A-II contains the original dust deposit data

while Table A-III contains the corrected data. The analysis

of the results is based on the corrected data.

Missing Value Calculation

The value in the original deposit data for the deposit

on the top of a tomato leaf at an angle of hS degrees, an air
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velocity of 1500 feet per minute, and in the fourth repli-

cation differed from the other readings to such a degree

that it was an Obvious error. The least Squares method of

calculation of missing values was employed to calculate a

new value to replace it in the data. Table A-III contains

the calculated value.

Statistical Analysis

Inspection Of the deposit data in Table A-III showed

that there was clearly a significant difference between the

three air velocities. Fbr this reason a separate analysis Of

variance was made for the data for each of them. These are

shown in Tables IV, V, and VI.

Each of the three analyses Of variance showed signifi-

cance at the one percent level for both surfaces and angles.

In addition the surface-position interaction showed signifi-

cance at the five percent level in the data for the 300 feet-

per minute deposits. These results will be discussed below.

Replications was included as a classification in the

analysis of variance. This was done because there were defi-

nite changes in conditions as the tests proceeded*.

A pooled error term.is used in each of the analyses Of

variance. This term consists Of the two interactions con-

taining replications and the usual error term. In all cases

this pooled error term gave a larger error mean square than

the single error term.

—~

* See 1rCleaning Procedure", page 83 , and "Correction

for Variation of Dust-Feed Rate", page 86. -
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TABLE IV

ANALYSIS OF VARIANCE OF DUST DEPOSITION ON PLANT LHAF

SURFACES AT 300 FEET PER MINUTE

 

 

Degrees of Sum of

 

Source Freedom Squares Mean Squares F

Total 71 1.2h2987

Replications 3 .2h96h8

Surfaces 5 .3u3729 .0687h6 11.83ss

Angles 2 .220258 .110129 18.95ws

Surfaces-Angles 10 .132975 _.Ol3298 2.23%

Error 51 .296377 .005811

 

* Significant at 5% level

** Significant at 1% level



TABLE V
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ANALYSIS OF VARIANCE OF DUST DEPOSITION ON PLANT LEAF

SURFACES AT 900 FEET PER MINUTE

 

 

 

Source pggizgngf Szggrgg Mean Squares F

Total 71 2h.327365

Replications 3 n.261059

Surfaces 5.286607 1.057321 7.hl**

Angles 2 6.1A5219 3.072610 21.53**

Surfaces-Angles 10 1.35596h .135596 .95

Error 51 2.076080 .1h271c

 

** Significant at 1% level
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TABLE VI

ANALXSIS OF VARIANCE OF DUST DEPOSITION ON PLANT LEAF

SURFACES AT 1500 FEET PER MINUTE

 

 

Degrees of Sum of

 

Source Freedom. Squares Mean Squares F

Tetal 70l 326.198287

Replications 3 h2.29h070

Surfaces 5 59.178hh5 11.835689 h.66*s

Angles ‘ 2 73.655233 36.827617 lu.52**

Surfaces-Angles lO 2h.21003h 2.h21003 .95

Error 501 126.860505 2.537210

 

as Significant at 1% level

1 One degree of freedom subtracted because Of one

missing value.



95

Least significant differences were calculated for sur-

faces and angles for the three groups of data on the basis

of the "t" test. These values are included on the charts

on which the data are presented.

Effect Of Leaf Surfaces

The average values for the dust deposits on the six

surfaces at the three air velocities are plotted in Figure

39. Perhaps the most significant feature Of this data is

the fact that in all cases there was a larger deposit on the

bottoms of leaves than on the tops. It is suggested that

possibly the more prominent veins in the bottoms of the

leaves had some connection with this increase. This possi-

bility will be discussed further under "Effect Of Positions".

It can also be seen from.Figure 39 that while the deposit

on the bean and tomato leaves was about equal, the deposit

on the lettuce leaves was somewhat lower. This would seem

to indicate that a pubescent surface might present more re-

sistance to dust erosion than a smooth waxy surface, although

other factors may be involved also.

It will be noted in Figure'yg that the deposits on

the six surfaces vary in a similar manner for all three

air velOcities.

It should be pointed out that, in reference to Figure39 ,

the quantities Of incident dust at 900 and 1500 feet per
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Fig. 39. The effect of plant surfaces on dust deposition

at three air velocities. This graph represents

the average of the deposits Of "micronized"

copper sulfate on surfaces at the three angles

described on page 78. The graph is not a valid

comparison between air velocities since no

correction has been made for the variation Of

incident dust quantity with a variation in air

velocity.

1 The minimum significant difference is the smallest

difference between two random deposits which would be

significant at the five percent level. This value was

determined from the "t" test as discussed on page 95.
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minute were three times and five times, respectively, the'

quantity Of incident dust at 300 feet per minute. This

is explained under "Inertial Fan" (page 15'). Corrected air

velocity data will be discussed under "Effect Of Air Veloci-

ties".

Effect Of Leaf Angles

The average weights of dust deposited at the various

angles are shown in Figure ho. It will be noted from.this

graph that the deposits on surfaces perpendicular to the

air stream are rather close to the deposits on surfaces at

a hS degree angle to the air stream. This is even more in-

teresting when the fact is considered that a surface Of a

given area will be struck by only 0.707 times as much dust

when at an angle Of #5 degrees as it will when it is at an

angle Of 90 degrees. This is due to the fact that the

cross-sectional area of the dust stream which will strike a

surface will be proportional to the sine Of the angle the

surface makes with the air stream. It would appear, then,

that a larger part of the incident dust was deposited at an

angle Of MS degrees than at an angle Of 90 degrees.

A surface parallel to the dust stream.would have no

dust striking it at all according to the relationship ex-

pressed above. However, turbulence in the air stream and

surface irregularities would cause dust to strike a parallel

surface and a deposit was recorded.
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Fig. MO. The effect of angle with respect to air stream

on dust deposition at three air velocities.

This graph represents the averages of the de-

posits on the six leaf surfaces described on

pages 23-27. The graph is not a valid compari—

son between air velocities since no correction

has been made for the variation of incident

dust quantity with a variation in air velocity.

1 The minimum.significant difference is the smallest dif-

ference between two random.deposits which would be signifi-

cant at the five percent level. This value was determined

from the "t" test as discussed on page 95.
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Effect of Surface-Angle Interaction

In the analysis of variance of the deposit data for 300

feet per minute, significance was shown for the surface-

angle interaction. The reason for this significance is

Obvious from Figure E1. The relative deposit at the 45

degree angle for leaf bottoms was much greater than for leaf

tops. Thus the angle-deposit curve was distinctly different

for the bottoms and tops Of leaves.

Reference to Figures hz and h3 will show that the smme

tendency was present for air velocities of 900 and 1500 feet

per minute also, although the interaction was not significant

at the five percent level.

Perhaps the most Obvious difference between the surfaces

of the bottoms and the tops of leaves is the fact that the

veins are more prominent on the bottoms. The pictures‘of the

dusted leaf surfaces -- Figures uh through h8 -- shq; that

when leaf bottoms were dusted at an angle of h5 degrees

there was a relatively large accumulation Of dust on the

windward side of the protruding veins. It is possible, then,

that large surface irregularities such as protruding veins

are more important in dust deposition when the surface is at

an angle tO the incident aerosol stream, than when it is per-

pendicular.
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lant leaf surfaces and leaf angles

on "micronized' copper sulfate dust deposition at

a 1500 fpm air velocity.

showed the surface-angle interaction to be non-

significant at the five percent level. Table I is

a size distribution of the dust particles and the

experimental conditions are described on pages 70-8h.

The analysis of variance
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Fig. hh° Dust deposit on bottom of bean leaf. The

air velocity was 1500 fpm at an angle of

90 degrees. There was a 3.62 mg dust

deposit. (Magnification four). The webbing

in the upper right was on the leaf previous

to dustin , but was almost invisible without

dust on 1%. .It was observed occasionally

during the experiment.

 
Fig. AS. Dust deposit on bottom of bean leaf. The

air velocity was 1500 fpm.at a as degree

angle. There was a 3.72 mg dust deposit.

(Magnification four)



Fig. A6.
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Dust deposit on top of tomato leaf. The

air velocity was 900 fpm at an angle of

A5 degrees. There was an 0.60 mg dust

deposit. (Magnification four)

 
Fig. A7. Dust deposit on bottom of tomato leaf. The

air velocity was 900 fpm at an angle of

A5 degrees. There was a dust deposit of

1.22 mg. (Magnification four)
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Fig. ’48 0 Dust deposit on top of lettuce leaf.

The air velocity was 1500 fpm at an

angle of zero degrees. There was a

deposit of 1.35 mg. (Magnification

four) Some of the webbing which was

visible in Figure AA can be seen in

this picture also.
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Effect of Air Velocities

The effect of air velocities on dust deposit is shown

in Figureli9. This curve was plotted from data which had

been corrected to a constant quantity of incident dust for

all velocities as explained in Appendix A. (This is in

addition to the correction for the non—uniform dust-feed

rate.)

It will be seen that, as was the case with the arti-

ficial leaf surfaces, the velocity-deposit curve is very

close to a straight line. This line has a positive slepe

as was the case with the micronized dust in the artificial

leaf-surface experiment.

Percent of Incident Dust Deposited

From..17 to 1.7 percent of the dust which was directed

at the leaf surface was deposited according to the aerosol ‘

density calculations in Appendix A. At 300 feet per minute

approthately 60 milligrams of dust were directed at the

leaf surface, but only from.0.l to 1.0 milligrams was de-

posited. These calculations apply to an average aerosol

density of 1A.3 milligrams dust per cubic feet of air.
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been corrected for variation in incident dust

quantity with air velocity as described in

Appendix A.



SUMMARY AND CONCLUSIONS

In this study an attempt was made to learn the manner

in which the nature of plant surfaces affects the deposition

of pesticidal dusts. The approach used to the problem was

that of actually depositing dust on a group of representative

surfaces under controlled conditions.

Two general types of surfaces were used in the eXperi-

mental work. First, an experiment using artificial leaf

surfaces was conducted. These surfaces were smooth alumi-

num, sandblasted aluminum, wax coated aluminum, and petroleum-

jelly coated aluminum. The conditions varied were dust

particle size and air velocity.

' The second experiment involved the use of actual plant

leaf surfaces. The surfaces used were the tops and bottoms

of bean, lettuce, and tomato leaves. The angle of the sur-

faces with respect to the air stream and the velocity of the

air stream were varied, while it was attempted to hold other

conditions constant.

The precision of the results was reduced by a rather

high degree of irregularity in the dust feeding system.

However, statistical analyses which were applied to the

results of the experiments indicated that surface types,

dust particle size, air velocities, surface angles, and
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certain interactions all caused significant differences in

deposition. Since the precision of the tests was rather

low and a number of assumptions were involved in the analysis

of the results, it was felt that no conclusive generalizations

could be made. The important results of experbments were

the following:

1.

2.

3.

U
1

0

There was a somewhat higher deposit of dust on the

bean and tomato leaves, both of which are pubescent,

than there was on the non-pubescent lettuce leaves.

There were distinctly larger deposits on the bottoms

of each of the three plant leaves than on the tops.

This was particularly true at the AS-degree leaf angle.

At this angle large localized deposits were observed

along the prominent veins on the bottoms of the leaves.

Leaves making an acute angle to the incident air stream

held a distinctly larger deposit of dust than those

which were perpendicular. This was especially true

of leaf bottoms.

There was no significant difference between the de-

posits on.smooth aluminum surfaces and sandblasted

aluminum surfaces. Wax and petroleum-jelly surfaces

received large, highly significant increases in de-

posit over the aluminum surfaces.

0n aluminum surfaces there was a larger deposit of

"micronized" dust than of the "standard" dust which
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had larger particles. However, on the softer wax

and petroleum jelly surfaces the "standard" dust

gave the larger deposit.

6. The deposit of micronized dust increased with an

increase in air velocity, but the deposit of standard

dust decreased as the air velocity increased. In

both cases there was a nearly linear relationship be-

tween the two for the three air velocities used.

It is believed that the information gained in this

study may prove valuable as a step toward an understanding

of the basic factors involved in the deposition of pesti-

cidal dusts.



RECOMMENDATIONS FOR FURTHER STUDY

It is felt that before the efficiency of the pesticidal

dusting operation can be materially improved, it will be

necessary to better understand the manner in which dusts

behave while they are in the dusting machine and while they

are being deposited on the plant. The following suggestions

for further study are recommended as means toward this end.

1. A study should be made of the physical characteristics

of various dusting materials. This should include the

effects of the material, the particle size, and the

moisture content on both handling and dusting. The

study might include the following:

a. A system.for classifying dusts according to

their physical properties so that their be-

havior could be predicted.

b. The determination of optimum.moisture contents

for various dusting materials, and the possi-

bility of storing such dusts in sealed containers

until ready for use.

c. Determination of optimum.particle sizes of dusting

materials considering plant coverage, dusting

efficiency, and handling problems.
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d. Determination of optimum air velocities for

maximum.dusting efficiency with certain

materials of certain particle sizes.

2. A.basic study of the manner in which dust is deposited

3.

5.

should be made utilizing the previous studies at

Michigan State College. It is felt that this previous

work should be brought together and the results gener-

alized if possible. Additional analytical and exper-

mental studies could then be carried on to test these

generalizations.

The experimental dusting equipment at Michigan State

College should be improved as suggested under "Become

mendations for Change” on page 21 .

The polarographic evaluation method should be developed

for additional materials.

The volumetric cOpper titration method of evaluation

should be perfected for field use and tested in the

field.



APPENDIX A:

ARTIFICIAL LEAF-SURFACE DATA AND CALCULATIONS
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Calculation of Dust Quantity Directed Toward Test Surface

The quantity of dust directed at the test surface was

dependent upon the aerosol density and the quantity of this

aerosol striking the test surface.

The aerosol density was ciaculated from the aerosol-

smmple dust weight data. The average weight of dust col-

lected as l.A cubic feet of air was drawn through a membrane

filter: was approximately twenty milligrams. (The vacuum

pump drew .70 cubic feet of air through the filter per

minute for two minutes.) Therefore, the average aerosol

density was approximately 20/1.A or 1A.3 milligrams dust

per cubic foot of air.

The quantity of aerosol striking the test surface was

proportional to the velocity of the aerosol and the area of

the surface it struck according to the relationship

Q = Av

where Q was the quantity of aerosol, A was the-cross sec-

tional area of the aerosol stream striking the surface, and

1 was the velocity of the aerosol.

Where a was the aerosol density, the total quantity of

dust directed toward the test surface,.t, was expressed by

t = zQ = zAv

It will be seen then that when the aerosol density was

1A.3 milligrams dust per cubic foot of air and the air
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velocity was 300 feet per minute the quantity of dust

striking a one square inch surface was 59.6 milligrams.

Under the same conditions the quantity of dust striking

a perpendicular disk three inches in diameter would be A20

milligrams.

Deposit Correction for Incident Dust Variation with Air Velocity

It will be seen from the relationship

t = zAv

which was discussed above,that the quantity of incident

dust, t, was proportional to air velocity, v. The assumption

was made that the weight of the dust deposit was proportional

to the weight of the dust directed at the surface. This made

it possible to compare deposits at the various air velocities

on the basis of the same quantity of incident dust. Thus

where d was the deposit weight. Therefore to correct a

deposit, d, at a velocity, v, to a base with an incident

dust equal to that at 300 feet per minute, the formula

dc = 300d

v

was used. The corrected deposit weight was represented by do“



T
A
B
L
E

A
-
I

D
U
S
T
'
D
E
P
O
S
I
T

O
N
A
R
T
I
F
I
C
I
A
L

L
E
A
F

S
U
R
F
A
C
E
S

(
D
e
p
o
s
i
t

i
n
m
i
l
l
i
g
r
a
m
s
)

 

  

A
”
,

S
u
r
f
a
c
e
s

V
e
/
o
c

f
/
‘
y

 

P
o
b
i
s
/
7
6
0
’
A
/
a
m
m
a
m

S
a
n
d
b
/
o
s
f
e
d
A
/
a
M
/
h
t
fl

W
a
x

F
e
f
r
y
/
e
a
m

{/
69

./
/5

/

D
u
s
f

9
0
5
f

0
0
5
7
‘

a
”

,4
.

5
7
‘
a
n
a
’
a
r
a
’

M
i
c
r
o
i
z
e
d

-
5
f
a
n
o
’
a
r
a
’

M
/
C
r
o
m
'
z
e
o
/

S
f
a
n
a
’
a
r
d

M
i
c
r
o
n
/
z
e
d

f
r
a
n
c
/
3
r
d

M
/
k
r
a
fl
l
z
s
c
/

3
.
A

3
.
3

6
.
1

2
.
6

2
5
.
6

5
.
1

2
9
.
3

2
.
A

8
0

6
.
A

1
%
.
9

3
.
7

2
1
.
5

3
.
0

A
l
.
6

.
S

3

3
0
0

8
.
6

n
u
.

1.
2
6
.
0

5
.
1
.

A
8
.
6

3
.
;

3

57/04Def/clad H N Md

.
0

7
0
6

(
+
0
2

6
e
9

e
n
.

2
1
0
3

(
4
0
7

3
2
c
“
.

V
.

6
0
9
0

1
4
.
0
5
8

6
0
3
3

3
7
0
8
8

MMM

m

Ln

0

.d’

O

\0

e

m

N

03

H

e

4

7
1
7
.
3

8
9
.
8

A
1
.
3

‘

6
2
0
.
1

1
0
1
.
0

2
9
.
3

7
2
7
.
2

1
0
3
.
A

2
8
.
2

8
1
8
.

6
1
.
1

3
6
.
1

0
A
6
.
A
5

2
0
.
7
0

-
8
8
.
8
3

3
3
.
7
3

0

H

.d'xo

O

0‘

H

O

39

9
0
0

O‘O‘OO \O

O O O 0

C»

if...

:m

0 0

pm
r-I

N~O

O 0

~00‘

HH

(\sOQO N

HNM—d‘

O

0‘ M
H

4

v
.

1
0
.

8
1
8
.
6
5

9
.
2
3

3
7
.
1

9
1
.
6

6
0
.
8

3
8
.
A

1
0
2
.
7

8
a
.
?

.
A

1
2
0
.
u

7
h
.

2
8
.
5

1
0
7
.
5

7
7
.
0

8
5
0
.

8
3
3
.
6
0

1
0
5
.
1
0

7
A
.
A
0

1
A
O
O

l15

:4de

(fir-OOH (I)

O

«uncro~ 0‘

:HN:iN\ "x

in

O

[s

xo

0 O

a)

N

<3¢nne~ C0

A
v
.

1
0
.

3
3
9
.
0
8

1
0
.
7
0

 



Li

0

(V /
O

L  L l L

Q

Q m h 9

1

n

549 (4/ swag/1‘7 aoDJyu/ON 0o {aflla/Vl {5‘00

 .L

‘1
\

Y

a

fl
a
p
/
f
o
o
fl
a
y

/
,

\
\

f
3
»

‘
Q

I
\

I
¢
,
°
s
q
«
e
-
4
9
4
Q

\
\

f
7

\
./

/
0

2
0

.
3
0

4
O

5
0

6
0

7
0

7
9
3
7
‘

/
V
0
.

c
“
'

\
“
‘
<
7

‘

L
J

J
L

7
0

8
0

.
9
0

m
o

/
/
0

/
2
0

/
3
0

7
P
3
f

I
V
O
-

.

d

4h

F
i
g
.

A
-
l
.

V
a
r
i
a
t
i
o
n

o
f

a
e
r
o
s
o
l
-
s
a
m
p
l
e

d
u
s
t

w
e
i
g
h
t
s

b
y

c
o
n
s
e
c
u
t
i
v
e

t
e
s
t
s

d
u
r
i
n
g

t
h
e

a
r
t
i
f
i
c
i
a
l

l
e
a
f
-
s
u
r
f
a
c
e

e
x
p
e
r
i
m
e
n
t
.

D
o
t
t
e
d

l
i
n
e
s

c
o
n
n
e
c
t

p
o
i
n
t
s

r
e
p
r
e
s
e
n
t
i
n
g

t
e
s
t
s

r
u
n

i
n

a
g
r
o
u
p
.

T
h
e

a
e
r
o
s
o
l

d
e
n
s
i
t
y

w
a
s

a
s
s
u
m
e
d
p
r
o
p
o
r
t
i
o
n
a
l

t
o

t
h
e

a
e
r
o
s
o
l
-
s
a
m
p
l
e

w
e
i
g
h
t
.

N
o
t
e
:

T
h
e

t
i
m
e

a
t
w
h
i
c
h

t
h
e

v
a
c
u
u
m

p
u
m
p

w
a
s

t
u
r
n
e
d

o
n

t
o

t
a
k
e

a
n

a
e
r
o
s
o
l

s
a
m
p
l
e

w
a
s

c
h
a
n
g
e
d

f
r
o
m
.
t
h
e

o
n
e

m
i
n
u
t
e

p
o
i
n
t

t
o

t
h
e

o
n
e
-
h
a
l
f

m
i
n
u
t
e

p
o
i
n
t

i
n

t
h
e

t
e
s
t

b
e
g
i
n
n
i
n
g

w
i
t
h

t
e
s
t

A
9
.

T
h
e

v
a
c
u
u
m

p
u
m
p

w
a
s

r
u
n

f
o
r

o
n
e

m
i
n
u
t
e

i
n

t
a
k
i
n
g

a
l
l

s
a
m
p
l
e
s
-

t
h
u
s

d
r
a
w
i
n
g

0
.
7

c
u
b
i
c

f
e
e
t

o
f

a
i
r

t
h
r
o
u
g
h

t
h
e

f
i
l
t
e
r
.

116



APPENDIX B:

TECHNIQUES OF DEPOSIT EVALUATION
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Equipment and Procedure for Titrimetric Evaluation

The equipment and procedure used in the preliminary

testing of the titrimetric method of evaluating deposits of

hydrated cOpper sulfate dust are outlined below. The pro-

cedure is somewhat more simplified than the one Brazee (3)

recommended. However, preliminary tests showed it to be

accurate to within plus or minus 0.05 milligrams of copper.

The equipment and materials necessary for the procedure are

the following:

1.

2.

3.

9.

One burette, five milliliters capacity.

One burette, 25 milliliters capacity.

One medicine dropper.

Miscellaneous beakers, stirring rods, bottles, etc.

A number of one-half pint "fruit jars".

A sodium thiosulfate solution containing approximately

0.0036 grams of Na233oh per milliliter of solution.

A standard copper solution containing 1.00 milligram

of copper per milliliter of solution. (See thesis

by Brazee (3) for details of the preparation of the

standard solution.)

A thirty percent solution of potassium iodide.(A3 grams

of KI per 100 milliliters of water).

A one percent starch solution. This solution was pre-

pared by dissolving one gram of soluble starch in 100
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milliliters of water and boiling the solution. Tfhe

starch solution must be made fresh every two weeks.

10. Distilled water. (Distilled water was used throughout

the procedure.

The detailed procedure for performing the titrimetric

evaluation was the following:

1. The leaf sample was placed in a one-half pint "fruit

jar" containing fifty milliliters of water and agitated

for at least thirty seconds. {Phe leaf sample was then

removed from the solution.

2. The analysis was begun by adding five milliliters of

thirty percent potassium iodide solution to the wash

solution from.a 25 milliliter burette. In general,

one part of potassium iodide solution was added per

ten parts of unknown solution. If copper was present,

the potassium iodide would cause a yellow color to

appear in the unknown solution.

3. Sodium thiosulfate solution was added to the unknown

solution with constant.stirring until the yellow color

almost but not quite disappeared. A five milliliter

burette was used to measure the sodium thiosulfate.

A. Approximately five drops of starch solution were added

to the unknown solution. If copper was present, a blue

color now appeared.
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5. Additional sodium thiosulfate was added to the unknown

solution with constant stirring until the blue color

just disappeared. This was the end point. The total

amount of sodium thiosulfate solution added multiplied

by a calibration constant gave the weight of copper

present in the solution.

The calibration constant for the sodium thiosulfate

titration solution was determined by simply analyzing solu-

tions of known concentrations. In this way the quantity of

the titration solution required to titrate a given quantity

of copper in solution was determined. The calibration for

the sodium thiosulfate solution of the concentration used

was approximately one milligram of copper titrated for each

milliliter of solution.



121

Equipment and Procedure for the Polarographic Analysis

The polarographic equipment and technique used in the

evaluation of hydrated copper sulfate dust deposits on

plant leaves are outlined below. For a more detailed

description of the equipment the reader is referred to the

thesis by Ban (A). A list of the primary equipment used is

the following:

1.

-10.

One polarograph, a Sargent Model III which is manually

Operated.

Three "H" type polarographic cells.

Three calomel electrodes.

One dropping mercury electrode.

A frame for supporting the polarographic cells and

electrodes.

A potassium sulfate solution containing 0.071 grams

K280“ per milliliter of solution. ‘

A one percent solution of gelatin.

A standard copper sulfate solution containing 1.00

milligramfiof c0pper per milliliter of solution.

A cylinder of; commercial "oil pump" nitrogen and a

pressure regulatbr.

Miscellaneous glassware.

The procedure followed in a polarographic analysis

was the following:



1.

2.
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The dust deposit was dissolved in 2A 1/2 milliliters of

potassium.sulfate solution as discused on page 65 .

One-half milliliter of gelatin solution was added just

before the analysis. This gave a solution containing

OJ; normal Kzsou and 0.02 percent gelatin as well as

the unknown CuSOh.

Approximately twenty milliliters of the solution to

be analyzed were placed in the "H" type polarographic

cell after the cell had been rinsed with distilled

water.

Nitrogen was bubbled through the solution in the cell

for from ten to fifteen minutes in order to remove the

dissolved oxygen. While this was in progress other

solutions in the other two cells were being analyzed by

the operator.

The nitrogen hose was disconnected from the cell and

the positive lead from the polarograph was connected to

the calomel electrode.

An average galvanometer reading was taken at a poten-

tial of 0.A00 volts. The galvanometer sensitivity was

set in such a way as to get a scale deflection of less

than 20 centimeters.

Another galvanometer reading was taken with a zero

potential across the electrodes. This reading was

subtracted from the first reading to give a net gal-

vanometer deflection for 0.A00 volts.
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7. The weight of the copper sulfate in the total 25

milliliters of the solution was read from the cali-

bration curve, Figure 29.

The calibration curve was plotted from experimental

data obtained by analyzing solutions of known concentration.

This calibration was replicated three times.

The dropping rate of the dropping mercury electrode

was one drop every 3.2 seconds. The average temperature at

which the analyses were made was eighty degrees Fahrenheit.
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Polarographic calibration curves for O.u volts

applied potential. This graph was plotted from

experimental data and permitted the direct con-

version of galvanometer deflection into deposit

weight. The four lines represent four galvanometer

sensitivity settings on the polarograph. {Phe con-

ditions for the calibration are applied potential,

O.u volts; electrolyte, O.h normal potassium sulfate

and 0.02 percent gelatin; interval between mercury

drops, 3.2 seconds; and temperature, approximately

80 degrees Fahrenheit.

Note: This is a calibration of total current; that is, diffusion

current plus residual current.
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