
TECHNICAL NOTE

Effect of sunlight and storage time on stain
size of a dyed spray diluent

B. PANNETON and P. M. ROY

Centre de recherche et de developpement en horticulture, Agriculture et agro-alimentaire Canada, 430 Boul. Gouin,
St-Jean-sur-Richelieu, Que. Canada, J3B 3E6. Contribution 335-94.05.04R. Received 7 September 1993; accepted 10 June
1994.

Panneton, B. and Roy, P.M. 1994. Effect of sunlight and storage
time on stain size of a dyed spray diluent. Can. Agric. Eng.
36:189-191. In research on pesticide application technology, dyes
and/or tracers are often added to the spray mixture. Dyes are used to
enhance the contrast between stains made by droplets impinging on
various surfaces while tracers allow for the measurement of the mass

of liquid collected. This article quantifies the light and time stability
of stains made by droplets of a spray mixture on Kromekote cards.
The spray mixture was insecticide diluent ID585, 2% by volume
Automate Red B dye, and 1% by volume tris (2-ethyl hexyl) phos
phate (TEHP). The red dye provides a good contrast on white
Kromekote cards. Using image analysis, the size of the stains of
various initial diameters was monitored after solar exposure levels
up to 2277 kJ/m and after storing the samples away from light under
laboratory conditions (~21°C, uncontrolled relative humidity) forup
to two months. Results showed that stain size was stable under all

these conditions. The spray mixture is therefore well suited for
research on physical aspects of pesticide application technology.

L'utilisation de colorants et de traceurs est courante lors d'experi-
ences sur la technologie de l'application des pesticides. Les colorants
sont choisis afin d'obtenir un bon contraste entre les taches formees

lorsque les gouttes se deposent sur une surface d'echantillonage alors
que les traceurs permettent la mesure de la masse de liquide recueilli.
Cet article pr^sente les donnees sur la stability a la lumiere solaire et
dans le temps des taches laissees par des gouttes sur des cartons
Kromekote . La bouillie utilisee etait composee du diluent a insec
ticide ID585 contenant 2% par volume du colorant Automate Red B
et 1% par volume du traceur tris (2-ethyl hexyl) phosphate (TEHP).
Le colorant rouge contraste bien avec les cartons Kromekote. Par
analyse d'image, les dimensions de taches de diametre initial divers,
ont €t€ mesurees suite a des expositions a la lumiere solaire allant
jusqu'a 2277 kJ/m et suite a l'entreposage a l'abri de la lumiere dans
le laboratoire (-21°C, humidity relative variable) pourdes periodes
allantjusqu'a 2 mois. Les r^sultatsont montre que lesdimensions des
taches n'etaient par affectees par les differents traitements. La bouil
lie utiliseeest done bien adapteepour des recherchessur les aspects
physiques des techniques d'application des pesticides.

INTRODUCTION

Fallout samplers are among the simplest sampling devices
that can be used for collecting spray droplets. These samplers
can be filter papers, cardboard stock or cover stock materials
such as Kromekote card (K-cards). Among these, K-cards
or similar materials are the only ones that can be used to
obtain droplet size data from stain size measurements (Houle
1987). K-cards are often used in spray trials in assessing

target coverage and size spectra at the target (Sundaram et al.
1991).

Highly contrasting stains can be produced if a suitable dye
is added to the spray fluid. Desirable characteristics of the
spray fluid-dye mixture are stability of the dye when exposed
to sunlight and stability of the stain dimension in time. Data
presented in Houle (1987) show a 30% decrease in stain
diameter for Rhodamine B dye, representing a loss of
roughly 65% by volume. Further, Sundaram et al. (1991)
showed that many non-aqueous pesticide formulations and
spray diluents dyed with Automate Red B (2% v/v) pro
duce stains whose sizes tend to increase in time.

The objective of the work reported here was to evaluate the
light and time stability of a spray mixture incorporating a
visible dye.

MATERIALS AND METHODS

The spray mixture was insecticide diluent ID585 (Shell Co.),
2% by volume of Automate Red B dye (Morton Williams
Ltd, Ajax, ON) and 1% by volume of tris (2-ethyl hexyl)
phosphate (TEHP). TEHP was included in the mixture even
though it is not used for this work because it is a suitable
chemical tracer for mass determination as described in

Crabbe and McCooeye (1985).
The experiments consisted of producing stains on K-cards

(Kruger Fine Paper, Ottawa, ON) using droplets of uniform
size. The stain size was measured after exposing the card to
direct sunlight for up to 40 minutes and after storing the cards
for increasing periods of time under laboratory conditions.

The droplets were obtained using the NAE Droplet Gener
ator described in Slack (1984). This generator uses needles of
various sizes mounted on a loud speaker. By controlling a
positive voltage applied to the speaker, the needle can be
pushed into a pendant drop. Then, the needle is extracted by
applying a negative voltage step to the speaker. A liquid
ligament is torn off the pendant drop and collapses to form a
droplet. Proper selection of the needle size, penetration depth
into the pendant drop and of the voltage step amplitude allow
for the production of a single droplet per cycle. The electronic
controller can be set to automatically repeat cycles at preset
rates up to 3 droplets per second. Using this last feature, at
least 10 droplets of nearly uniform size were deposited on a
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single K-card. To avoid stain coalescence, the K-cards were
gently moved across the drop landing zone. The stained cards
were immediately stored at room temperature away from
light. Two series of K-cards with stains from droplets of
nominal diameters equal to 50, 100, 150, 200, 250, and 300
m were used.

Within 30 minutes after the K-cards were prepared, the
stain diameters were measured following a procedure de
scribed later. Then the cards from one series (Series B) were
stored away from light in the laboratory. The other series of
cards (Series A) were exposed to direct sunlight for 5 min
utes. The cards were oriented perpendicular to the light rays.
After five minutes of exposure, the cards were brought back
to the laboratory to measure the stain sizes. This procedure
was repeated for incremental exposure times of 5, 10, and 20
minutes. The whole process took place between 11:00 and
14:00 local solar time. The accumulated exposure times were
then 0, 5, 10, 20, and 40 minutes. The solar irradiance was
measured once per hour at a meteorological station described
by Bourgeois and Plouffe-Tellier (1992) and located 5 km
away from where the experiments were performed. The sky
was clear on the day of the experiments. The solar irradiance
data were measured on a horizontal surface and were cor

rected for the solar elevation angle given in ASHRAE (1977).
After the last exposure cycle, the cards from this series were
stored with the ones of series B. From then on, both series of
cards received the same treatment. They were kept in storage
(-21°C, uncontrolled relative humidity) and the stain sizes
measured at time increments of 0, 1, 1, 2, 5 weeks giving
accumulated storage times of 0, 1, 2,4 and 9 weeks after the
start of the experiment.

The stain size was obtained using the image analysis sys
tem described in Panneton and Drummond (1991). A

calibration equation relating the measured stain diameter to
the droplet size was applied to the results. This calibration
equation was established by producing single droplets with
the NAE droplet generator. The droplet was photographed in
flight under stroboscopic illumination before impacting the
K-card. The stain equivalent circular diameter was measured
with the image analysis system and the drop diameter was
measuredfrom the photograph. A least squares fit applied to
the data yielded:

8=20.85 +0.27^93
<J£ = 3.5 50<8<350 (1)

where:

ds = stain equivalent circular diameter Qim),
8 = droplet diameter (jam), and
<Je = standard deviation of the residual error (jLim).

RESULTS AND DISCUSSION

During the experiment on solar exposure, the irradiance on a
plane perpendicular to the light rays averaged 948.6 W/m
with a range of ± 5.6%. Given that small range, the average
value of irradiance was used to convert exposure time to
radiant exposure. Table I presents the results of the effect of
solar exposure on measured droplet diameter. The mean di
ameters differ significantly from the nominal diameters. This
is usually the case with the NAE droplet generator. With this
device, it is difficult to generate droplets of a desired diame
ter. However, once the generator is set up, the repeatability in
generating droplets of uniform diameter is excellent with a
coefficient of variation of 1% (Slack 1984). The range in drop
diameter, as determined by measurements of stain diameter
on cards subjected to a range in solar radiation exposure

Table I: Effect of solar exposure:on measured droplet diameter - Series A.

Mean droplet diameter (|xm)

60.2 87.6 175.7 206.4 261.6 310.0

Min. diameter ((im)
Max. diameter (urn)

Slope (urn/(kJ/m2))
Probability*

59.8

60.4

-0.00010

0.48

87.6

87.7

-0.00002

0.69

175.6

175.9

-0.00009

0.11

206.1

206.8

-0.00012

0.53

261.4

261.8

-0.00017

0.00

309.7

310.3

-0.00022

0.08

*Probability > 0.05 indicates that the slope is not different from 0 at the 95% confidence level.

Table II: Effect of storage time of measured drop diameter - Series A.

Mean droplet diameter (um)

60.2 87.9 175.7 206.3

206.0

206.5

0.018

0.67

261.3 309.2

Min. diameter (u.m)

Max. diameter (urn)

Slope (um/week)
Probability*

60.0

60.5

-0.019

0.54

87.6

88.3

0.057

0.10

175.6

176.0

0.049

0.06

261.1

261.4

-0.023

0.08

308.9

309.7

-0.052

0.25

♦Probability> 0.05 indicates that the slope is not different from 0 at the 95% confidence level.
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Table III: Effect of storage time of measured drop diameter - Series B.

Mean droplet diameter (urn)

59.9 90.8 177.0 207.0 263.4 307.7

Min. diameter (u.m)

Max. diameter (\im)

Slope (um/week)
Probability*

59.3

60.5

-0.110

0.04

90.5

91.2

0.076

0.00

176.6

177.5

0.096

0.07

206.7

207.6

0.095

0.02

263.0

263.7

0.052

0.26

307.3

308.1

0.024

0.65

♦Probability> 0.05 indicates that the slope is notdifferent from 0 at the95%confidence level.

times, was within the level of accuracy of the drop generator.
That implies that the effect of solar exposure on drop diame
ter measured from stains on K-card should not be significant.
This conclusion is confirmed by the regression analysis that
yielded, in all but one case, slopes that were not statistically
significant.

Table II presents the results of the storage time experiment
for series A and Table III, the same results for Series B. With
one exception (Series B, 59.9 u.m), the range of drop diameter
is always smaller than the one expected given the perform
ance of the NAE droplet generator. The slope of the
regression of measured drop diameter versus elapsed storage
time was not significantly different from zero 75% of time
and in all cases, the range was so small that the effect of
storage time on measured drop size was of no practical
significance. Sundaram et al. (1991) reported increases in
stain size of about 4%, 2 to 3 hours after impaction of a 400
fim drop of ID585 + 2%v/v of Automate Red B dye. Such an
increase was not observed during our experiment. Sundaram
et al. (1991) measured the stain size under a microscope.
Such measures require some judgment from the operator
because the edge of the stain does not appear as a perfect
transition from red to white but as a gradual fall off the red
intensity to the white background. The image analysis tech
nique used here removes the uncertainty associated with the
positioning of the stain boundary by defining the edge of a
stain quantitatively (Panneton and Drummund 1991). This is
particularly important when the intensity of the red dye is
fading off in time. This process can bias the judgment made
on stain boundary when making the evaluation with a micro
scope because the image contrast tends to decrease in time. It
is also plausible that the TEHP has a stabilizing effect on the
stain size.

CONCLUSIONS

Experiments have shown that droplets of ID585 + 2% v/v
Automate Red B dye and 1% TEHP form stains on K-cards
that are stable in dimension under solar exposure. Tests were
conducted on droplets varying from 60 to 310 (im in diameter

and solar exposure ranging from 0 to 2276.6 kJ/m. Stain size
was also stable when the stained K-cards were stored under
laboratory conditions for up to 2 months. These two results
show that the spray mixture used in conjunction with the
K-cards is a practical method of obtaining spray samples.
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