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In stored grains, smaller depositions and great variations with regard to theoretical insecticide doses
are frequently found. The objective of this work was to evaluate the influence of the emulsifiable
concentrate formulation on the physical properties of the liquid, volumetric distribution, droplet
spectrum, and insecticide deposits on stored grains. To determine its physical properties, the applied
mix was prepared at a concentration of 0.4% of commercial product. Volumetric distribution was
used as an evaluation parameter in a model TJ-60 8002EVS hydraulic nozzle study, and clean water
and insecticidal mix were used as test fluids. After the effective swath width (esw) had been determined
for both fluids, an application system was built to apply theoretical concentrations of 10 and 0.5 mg
kg~ of fenitrothion and esfenvalerate, respectively. Mix viscosity was 82% higher than water viscosity;
conversely, surface tension in the mix corresponded to 49% of the water surface tension value. For
water and mix, esw values were 0.425 and 0.60 m, respectively. Deposits of both insecticides at the
0.60 m esw were significantly higher (P < 0.05) than deposits at the 0.425 m esw. The results obtained
demonstrate the great influence of emulsifiable concentrate formulation on the physical properties of
the fluid, spray characteristics, and insecticide deposits on stored grains.

KEYWORDS: Viscosity; surface tension; application technology; spray nozzle; effective swath width;
gas chromatography

INTRODUCTION portant in a nozzle’s performance analysis and has been the
object of study of several researchels-@). In this respect,
ﬁm International Organization for Standardization has estab-
shed that clean water should be used as test fljd®n the

Chemical control is an important component in stored-grain
integrated pest management programs. For this reason, seekin

the best insecticide application method is perhaps more impor- her hand. the fluid’s bhvsical . aht aff
tant than biological efficacy studies, because the latter is but other hand, the fluid's physical properties might affect spray
one of the factors of interest in stored grain protection. An characteristics. Several studies have demonstrated the influence

unsuitable application method will result in great variation of of agricultural adjuvants on the physical properties of the fluid,

insecticide deposition on the mass of grains and may encouragd!S Volumetric distribution pattern, and droplet spectruind);
the occurrence of residue levels above the maximum limit NOWeVver, little information is available about the effect of the

allowed by law and the progression of insect resistance to insecticide formulation on the above-mentioned parameters

insecticides, posing a health hazard to the consumer and putting(7__9)' The liquid insectic_:ides used in_ _the treatment of stored
the producer's income in jeopardy. In a spraying system, the grains are formulated mainly as emulsifiable concentrates (EC).

nozzle is the most important component, because it is respon-| herefore, the objective of this work was to evaluate the
sible for the flow, generation, and distribution of droplets that influence of emulsifiable concentrate formulation on the fluid’s

will carry the insecticide to the target to be controlled. Knowing phys_ical p(o_perties, V(_)I_umetric distribution, droplet spectrum,
the nozzle's transversal volumetric distribution is highly jm- 2and insecticide depositions on stored corn and wheat grains.
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fenitrothion + 25 g of the ai esfenvalerate/L]. Surface tension was
determined by using the burette method, according to the NBR 13241
standard for surface tension determination in agrochemickd3. (
Viscosity was determined with a Brookfield model LVDV-III Ultra
viscometer at 28C. A twin-jet model TJ-60 8002EVS hydraulic nozzle
(Spraying Systems Co.) was used. A channeled table (patternator) was
used to carry out the spray nozzle transversal volumetric distribution
analysis experiments, standardized according to the 1SO 5682-1:1996
(E) standard. The testing table (3.5 m long, 3.0 m wide) has channels
spaced at 0.025 m, positioned at a 5% slope. On the front part of the
table, a set of graduated cylinders (250 mL) collects the fluid from
each channel. Clean water and an insecticidal mix were used as tes
fluids. The following parameters were evaluated: actual flow and
transversal volumetric distribution, at a pressure of 200 kPa and a nozzle
height of 0.5 m. The weighing method was used to obtain actual flow,
and the volume collected during 1 min in a plastic container was
weighed in a precision balance. To determine transversal volumetric
distribution and effective swath width for both test fluids, the nozzle
was mounted on the boom and positioned in a perpendicular direction
in relation to the assay table. Collection time was set until one of the
graduated cylinders reached a volume of 230 mL. This collection time
was used for the three replicates. Droplet spectrum studies were
conducted after effective swath widths were determined. To that effect, &
a mobile application system was built containing the nozzle, a
manometer, a Cotank, and a tank for the fluid to be applied (water -
or mix). Three water-sensitive papers (0.076 m long, 0.026 m wide) Figyre 1. Grain treatment.
were distributed on the extreme and central portions of the previously
defined effective swath widths. The same height and working pressure
adopted for the assay table were used, at a moving speed of 5%km h
After spraying, the water-sensitive papers were collected and analyzed
using a computerized image analysis system, Gotas, version 1.0

(Embrapa Meio Ambiente, Sdo Paulo, Brazil). desiccant filter. Later, the insecticide residues were resuspended in

Grain Treatment. Corn and wheat cultivars Sol-da-Manha and BRS g ;) of 4 cyclohexanelethyl acetate mixture (L:1, v/v), homogenized
208 were used, respectively, both developed by Empresa Brasileira dej, 5 yortex mixer/ultrasound, and filtered through a Millipore, FG,

Pesquisa Agropecuaria (EMBRAPA-Brazilian Company for Livestock 0.24m pore membrane filter mounted on a plastic hypodermic syringe

and Farming Research). To determine th? mass of grains per urjit area(5 mL). The extracts were cleaned by gel permeation chromatography
the corn anld nv;lzheat Weredspreadtss a fln_ehlaé/ervorllto a F;I%SBC ta(rjp’(GPC) and eluted with a cyclohexane/ethyl acetate mixture (1:1, v/v).
covenrg a area, and were then weighed. values of 5.9 and sger ihis operation, the extracts were evaporated in a Turbo-Vap

) . -
piasto tap was placed between the als, and the grains were Unformiy €VAPOTEIOT 10 which SGL of dodecane had previously been added
P P p ’ 9 Y and were later resuspended in 20.0 and 1.95 mL of the cyclohexane/

spread on t_he tarp. The swa_th widths where, the grains were Sprer?wéelthyl acetate mixture (1:1, v/v) for the fenitrothion and esfenvalerate
were established on the basis of the nozzle’s transversal volumetric

distribution study performed previously. To check on the intended residues, respectw_ely. The samples were analyzed_by_ gas-phase
application rate, three glass slides (0.1 m length, 0.05 m width) were chromatography, with a Thermp Electrgn Corp. model Finnigan Trace
placed on the grains for subsequent quantification of deposition using Ultra gas_a chromatograph, equipped with an electron capture dgtector
gas chromatography. Insecticide losses were evaluated by collecting(ECD’ NF) and a Restek Corp._ RTX-5MS chroma?ography capillary
and analyzing seven plastic tarp samples (0.1 m length, 0.1 m width). c°lumn (30 m long, 0.25-mm diameter, and 0;#8-film thickness),
Fenitrothion and esfenvalerate were applied to produce theoretical With injections made in the splitless mode. The chromatograph was
concentrations of 10 and 0.5 mg Kgrespectively. During application, ~ OPerated under the following conditions: column temperatare

the mobile system was moved along the material to be treated 100°C (start), then raised to 28 at 25°C min*, remaining at this
(Figure 1); the nozzle's operational specifications were the same as in t€mperature for a period of 10 min; injector temperatar@30 °C;

the laboratory tests. The system’s moving speed was calculated for andetector temperature: 320 °C; purge time= 1 min; gas flow (mL
application volume equivalenots L t%; under these conditions, the ~ Min~), Hz (carrier)= 1.2; N; (make up)= 45; and purge flow= 65.
insecticidal emulsion contained 0.4% of the commercial product. Three Under these conditions, retention time was 6 min and 20 s for
replicates were made, generating 6 experimental plots, and two fenitrothion and 10 min and 25 s for esfenvalerate, approximately.
insecticides were analyzed, totaling 24 subplots. The same procedureR€sidue amounts were calculated using the ChromQuest version 4.0
was adopted for the control treatment, but in this case the spray Software, by comparing the chromatographic peak heights for the
consisted of water only. The temperature and relative humidity during samples against the chromatographic peak heights for the corresponding
spray were 26.2C and 76%, respectively. analytical standards.

Deposition Analysis.Half an hour after the spray, the grains were Glass SlideThree glass slides were placed into 600-mL flasks. Five
collected and processed together with dry ice. To achieve this, a modelhundred milliliters of ethyl acetate was added, and the insecticides were
TRF70 forage chopper was used. The dry ice was mixed with the grain later extracted by ultrasound for 15 min. After this operation, 2-mL
at a 1:1 ratio prior to grinding, to maintain a temperature value that aliquots were transferred to 12-mL test tubes, and therul5Mf
would minimize insecticide degradation during the operation. dodecane was added. The extracts were evaporated in a Turbo-Vap

Grain. The analytical method was adapted from Ohtii)( Ten evaporator, in a water bath at 3C aided by moving air previously
grams of homogenized sample was placed in a 100 mL Schott bottle dried through a blue silica gel desiccant filter. Later, the insecticide
for residue extraction. Fifty milliliters of ethyl acetate and 10 g of residues were resuspended with 2 mL of the cyclohexane/ethyl acetate
sodium sulfate were added and later homogenized in a stirring table mixture (1:1, v/v) (1:1 mL), homogenized in a vortex mixer/ultrasound,
for 1 h at 360cycles mirt!. After this operation, the extracts were and then diluted at a rate of 1 mL of extrae mL of the cyclohexane/
centrifuged for 5 min at 2600 rpm for better separation of the liquid ethyl acetate mixture (1:1, v/v), followed by injection in the chromato-
phase from suspension materials. Ten-milliliter aliquots of the super- graph system.

natant were transferred to 12-mL test tubes, corresponding to 2 g of
the original sample, and then 5@ of dodecane was added. The
extracts were evaporated in a Turbo-Vap evaporator, in a water bath
at 30°C aided by moving air previously dried through a blue silica gel
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Figure 2. Transversal volumetric distribution of a TJ-60 8002EVS nozzle using clean water (a) and insecticidal mix (b).

Plastic Tarp. Seven 100 chsamples were cut into small pieces

viscosity (1.0 mPa s). The nozzle's actual flow was 0.660 and

and placed in 100-mL Schott bottles. Fifty milliliters of ethyl acetate (0.672 L mirr? for water and the mix, respectively; in both cases,
was added, and the insecticides were later extracted by ultrasound foryha variation between actual and nominal flow (0.650 L T&jn

15 min. Upon completion, 5-mL aliquots of the solution were filtered
through a Millipore, FG, 0.2ém pore membrane filter mounted on a

plastic hypodermic syringe (5 mL) and then diluted at proportions of

0.1 mL of the extractt 19.9 mL of ethyl acetate for fenitrothion
analysis and 0.1 mL of the extragt 0.9 mL of ethyl acetate for
esfenvalerate, followed by chromatographic analysis.

Validation of the Analytical MethodThe analytical method used

was within the acceptable limit, as according to the WHG)(
the acceptable flow variation limit of a spraying nozzleté$%
in relation to the nominal flow indicated by the manufacturer.
At the experiment’s working conditions, the total deposition
swaths for water and the mix were 0.88 and 0.95 m, with
coefficients of variation (CV) of 40.9 and 34%, respectively

for corn and wheat grains was validated by means of matrix fortification (Figure 2). From Figure 3, it can be seen that the nozzle’s

at the levels of 0.05, 0.5, and 10.0 mg kdor fenitrothion and 0.05,
0.1, and 1.0 mg kgt for esfenvalerate, with three replicates for each

level (nine fortified samples for each matrix). Recoveries between 70

and 120% were considered to be acceptable.
Statistical AnalysisThe data were submitted to analysis of variance,

volumetric distribution pattern using clean water as test fluid
was asymmetric, with an oval aspect and higher volume
concentration in the central region. For the insecticidal mix,
the volumetric distribution pattern was symmetric, with a

using a mathematical model for a completely randomized design in a trapezoidal aspect and more uniform distribution of the fluid

split-plot arrangement, and thE test was used to evaluate the

significance of factors (grain species, effective swath width, insecticide,

and interactions) in the model of Pimentel-Gomes (12).

RESULTS

Application Technology. Surface tension and viscosity in
the insecticidal mix reached values of 35.47 mN!nand

across the deposition swath. However, in both cases, the CV
for total swath width was higher than the 7% limit established
by the prEN 12761-2 international standaid). To obtain an
insecticidal mix distribution as uniform as possible, and
considering that in Brazil a CV of up to 10% is acceptable, we
determined effective swath width and CV values of 0.425 m
and 8.9% for water and 0.6 m and 5.1% for the mix,

1.82 mPa s, respectively. The mix surface tension value respectively. The effective swath width and CV values for the
corresponded to 49% of the water surface tension value (71.97mix were 0.8 m and 9.9%, respectively, but the spraying system
mN m~1). Conversely, mix viscosity was 82% higher than water had a swath width application capacity of up to 0.6 m;



3532 J. Agric. Food Chem., Vol. 55, No. 9, 2007

0.030

Vasquez-Castro et al.

a
@ .
0.025 —_
. \
g :' * \¢ e l"
'é 0.020 1 [ “ P ~/-_"- (b')..__—u '\ . ]
1 " - / - m LY . » [y
— ' N /\ '
Q@ 0.015 - 7N/ ~ .
+— N —
8 ' / \ \ ‘\
’
Z oo )/ '
o . / \ '
N A}
0005 4y \ s
' +
i / \ )
0.000 — T T T T T T T T T T T — T T T ———
-475 425 -375 -325 -275 -225 -175 -125 - -25 025 75 125 175 225 275 325 375 425 475

Table 1. Droplet Analysis for a TJ-60 8002EVS Nozzle

Distance from centreline (mm)
Figure 3. Transversal volumetric distribution pattern of a TJ-60 8002EVS nozzle using clean water (a) and insecticidal mix (b).

position of water-sensitive paper on

effective swath width

Table 2. Means and Standard Errors of Insecticide Depositions on
Grains and Glass Slides for Different Grain Species and Swath
Widths?

test fluid parameter left center right grain species

cleanwater  volume (L ha™?) 1535+179 87.1+139 127.8 +18.6 effective swath width corn wheat
density (n°cm=2)  125.7+125  1224+56 122.9+12.7 Deposition on Grains (%)
uniformity 18+0.2 1.8 +0.005 18+0.1
VMD (m)? 3787+146 3204+148 3628+155 0.425m 40.2% 158 aB 401158 aB
NMD (um)? 2141+106 1789485  201.0+30 06m 52.0+2.82bA 64.2+2.82aA
coating (%) 296+28 189+£25 255+33 Deposition on Glass Slides (%)

insecticidal  volume (Lha™1)  121.8+62  1303+7.7  1428+155 0425m 59.9+309aB 544+3.09aB

mix density ("cm=2)  127.8+147 1250+11  120.3+10.9 0.6 m 92.4+3.09 A 101.0 +£3.09 aA

uniformity 1.8+0.01 19+0.1 19+£0.1
\’\/‘mg ((,er?lg igig f Zg i;gg f ;545 gggg f 220-6 @Means followed by different lower case letters in the rows are significantly
coating (%) 247+16 257+ 08 27 4+17 different by the F test (P < 0.05); means followed by different upper case letters

a\/olumetric mean diameter. © Numeric mean diameter.

in the columns are significantly different by the F test (P < 0.05).

Table 3. Means and Standard Errors of Insecticide Depositions on

consequently, we chose to use the previously mentioned value Grains and Glass Slides for Different Grain Species and Insecticides®

Under these conditions, 65.4 and 71.6% of the water and mix

volumes sprayed were collected within their corresponding
effective swath widths (Figure 2). Therefore, the spraying
equipment was calibrated to apply a total effective volume of
5 L t71in each effective swath width. The droplet spectra for
water and for the mix using the evaluated nozzle, working at
pressure and moving speed values of 200 kPa and 5¥#m h
respectively, are presented Trable 1.

Deposition Analysis.The insecticide recovery percentages
in the fortified corn and wheat grains were acceptable
(70—120%), thus validating the analytical method. Neither of
the two insecticides was recovered from the control, indicating
that the grains were free from contamination by those com-
pounds. The- test detected significant effect (R 0.05) for
effective swath width and insecticide, either on grains or on
glass slides. Moreover, it had a significant effédet< 0.05) of

the grain species and of the interactions of grain species with

effective swath width and insecticide on the deposition in the
grains. In relation to the deposition in the glass slides, it was
influenced significantly by the interaction of insecticide with
grain speciesTables 2—4show insecticide deposition means

and standard errors on grains and glass slides for two-by-two
combinations of factors. It can be seen that the 0.6 m effective

swath width provided greater depositions of both insecticides,
either on grains or on glass slidésaples 2and4). Fenitrothion
deposition was significantly higheP(< 0.05) than that of
esfenvalerate, both on grains and on glass slideblé 3).
Nevertheless, this difference was not significat{( 0.05) for

the 0.425 m effective swath widthTéble 4). Insecticide

grain species

insecticide corn wheat
Deposition on Grains (%)
esfenvalerate 42.9+1.96 bB 474+1.96aB
fenitrothion 49.3 £1.96 bA 56.9 £ 1.96 aA
Deposition on Glass Slides (%)
esfenvalerate 74.1+222aB 74.0+2.22 aB
fenitrothion 78.1+222aA 81.3+222aA

@Means followed by different lower case letters in the rows are significantly
different by the F test (P < 0.05); means followed by different upper case letters
in the columns are significantly different by the F test (P < 0.05).

deposition means were significantly different for grains only.
The highest deposition values occurred on wheat grains
(Table 3), except at the 0.425 m effective swath width, for
which corn and wheat were not significantly differeRt 0.05)
(Table 2). Depositions on the pieces of plastic tarp corresponded
on average to 8.9 2 and 6.5+ 0.4% of the theoretical
insecticide dose in corn and wheat, respectively.

DISCUSSION

The results demonstrate the great influence of the EC
formulation on the fluid’s physical properties. On the other hand,
the mix behaved characteristically as a Newtonian fluid. At a
given temperature, the shear force applied to the mix, by means
of either the tank agitators or the pressure received as the fluid
passes through the spray tip’s orifice, will not change its
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Table 4. Means and Standard Errors of Insecticide Depositions on suffered alterations during grain treatment, as a function of
Grains and Glass Slides for Different Insecticides and Swath Widths? changes in the fluid’s physical properties. Consequently, the
extrapolation of volumetric distribution data obtained with water
insecticide for insecticide application was the main factor responsible for

effective swath width esfenvalerate fenitrothion the lower-than-intended deposition values obtained.

Deposition on Grains (%) In spite of the fact that the physicochemical properties of
0.425m 38.2+1.58aB 42.1+158aB these insecticides would determine greater esfenvalerate stability,
06m 52.2+2.29 bA 64.0%2.29 aA more fenitrothion was recovered. The environmental conditions

Deposition on Glass Slides (%) during spray were adequate for this operation, and processing
0.425m 54.9£2.22 bB 59.4+£2.22 a8 of the corn and wheat samples included the use of dry ice.
0.6m 93242.22bA 100.1 £2.22 aA

Consequently, all steps that preceded the analytical stage
prevented losses of both insecticides; therefore, the greater
recovery of fenitrothion was due to the higher sensitivity of
the chromatograph detector to this molecule. The highest
deposition value on wheat was due to its grain morphology;
wheat provided a higher specific contact surface area for droplets
viscosity. Differences in volumetric distribution pattern of flat-  than corn. On the other hand, the insecticide recovery effective-
fan nozzles were observed when different types of mixes were ness of the analytical method was slightly higher for wheat when
used, including water, particularly at low pressure values (5). compared with corn. Depositions of both insecticides were
The nozzle model studied is a continuous deposition type andalways higher on the glass slides when compared with deposi-
is used only in swath applications. The problem presented abovetions on the grains. These results demonstrate that some droplets
will cause irregular deposition of insecticides, and consequently reached the plastic tarp through the empty spaces between the
the grains will receive under- or overdoses depending on their grains, therefore resulting in depositions lower than those
location within the total deposition swath. A number of studies intended. The sum between grain and plastic tarp depositions
(15-17) have demonstrated that great insecticide depositionshould have been near the glass slide deposition values, but
variation occurs in stored grains. Pesticide sprays are generallywas considerably lower. One explanation for these results is
classified on the basis of droplet size, with particular reference that the analytical procedure for grains is much more complex
to VMD or Dos that is, volumetric mean diameted ). than for glass slides, and some degree of insecticide loss
According to the manufacturer’s brochure, the TJ-60 8002EVS occurred in the agronomic matrix. A greater effectiveness of
nozzle yields fine droplets under all recommended work the artificial target in collecting pesticides in agricultural nozzle
pressures; however, large droplets were obtained in the presenperformance studies is therefore demonstrated.

study. The droplet size categories used in this experiment were  |n a storage facility, grains are usually treated on a conveyor
the same as in the international ASAE (X-572) and BCPC belt, where hydraulic nozzles are mounted for this purpose.
standards. The differences in droplet diameter and consequentlyunder these conditions, smaller depositions and great variations
in droplet size category were possibly caused by the measure-with regard to theoretical insecticide doses are frequently found.
ment technique used, because the international standards specifyo improve the quality of sprays generated by hydraulic nozzles,
a laser system to evaluate the droplet spectrum. In this work, a number of methods have been developed under laboratory
we used water-sensitive paper to obtain droplet marks and toconditions, but with little success when it comes to solving the
make diameter measurements at a later time using specificabove-mentioned problem. In this respect, the International
software. In the case of water, it can be seen that at the centerOrganization for Standardization (ISO) has established that clean
of the effective swath width droplets were smaller when water should be used as test fluid to study performances of
compared with droplets at the extreme points of the swath. In hydraulic nozzles, but in this work we demonstrate the great
the droplet formation process, the fluid's hydraulic energy is influence of emulsifiable concentrate formulation (the main
transformed into droplet kinetic energy9). One explanation insecticidal formulation use in stored grain protection) on the
for these results is that larger droplets have greater mass andjuid’s physical properties, volumetric distribution, droplet
therefore acquire greater kinetic energy. Consequently, largespectrum, and insecticide deposition on stored grains. Conse-
droplets have a greater capacity to overcome air resistance toquently, evaluations of technical characteristics of agricultural
horizontal movement and may travel longer distances when nozzles using clean water as test fluid are useful only to compare
compared with smaller droplets. In the same way, the volume performances between different tip models. Therefore, the use
and coating values at the center of the effective swath were of insecticidal mix is recommended to evaluate spray charac-
lower than at the ends. This was probably due to the vortex teristics and subsequently calibrate the spray system on the basis
effect generated by the spray system moving at a speed of 5of such data. This work contributes to knowledge about the
km h™%; very small droplets would then be dispersed outside application technology of insecticides in stored grains under
the treatment area by air turbulence. For the mix, it can be |aboratory conditions. The practical application of this study
observed that the droplet spectrum was uniform across the entirewill be presented in the next step of the work, in which the
effective swath width, in addition to the fact that droplets had application technology will be analyzed in association with
greater diameter than water droplets. One explanation for theseconveyor elements responsible for revolving the grain.

results is that the physical properties of the mix increased droplet

size. Butler Ellis et al. (6) demonstrated that emulsions cause aLITERATURE CITED

rapid fluid sheet disintegration with the formation of large
droplets. The insecticidal mix volumetric distribution was the

@Means followed by different lower case letters in the rows are significantly
different by the F test (P < 0.05); means followed by different upper case letters
in the columns are significantly different by the F test (P < 0.05).
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