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Foliar and Nontarget Deposition from Conventional and
Reduced-Volume Pesticide Application in Greenhouses!
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Permethrin insecticide was applied to greenhouse-grown chrysanthemums using conventional high-
volume (2300 L/ha) and air-assisted, slectrostatic, reduced-volume (46 L/ha) spraying systems. The
electrostatic reduced-volume application resulted in significantly greater foliar deposition (1.29 vs 0.35
ug/em?). In winter, but not summer, applications, the reduced-volume spraying resulted in longer
persistence of deposits, The conventional application resulted in significantly greater contamination
of nontarget surfaces of the greenhouse benchtops and aisleways. Mass-balance analyses accounted for
49 and 73% of the permethrin applied by the conventional and electrostatic techniques, respectively.
Dislodgeable foliar residue was removed by two techniques, viz., an aqueous surface extraction and a
dry mechanical brushing. The ratios of mechanically removed to surfaced-extracted residue were 0.135
and 0.303 for the reduced-volume and conventional treatments, respectively.

INTRODUCTION AND BACKGROUND

Effective control of insect and disease pests is a major
coneern in production of ornamental plantsand cut flowers.
Ornamental crops are often extremely susceptible to pests,
and economic thresholds to pest damage are extremely
low since the crops are marketed exclusively for esthetic
appeal. While significant research effort is currently
directed toward biological and cultural control strategies
for ornamental pests, the application of pesticides remains
an essential activity in many production systems. Ad-
ditionally, pesticide resistance is increasing and orna-
mentals are typically considered “minor crops” for which
the development and registration rate of new pest control
compounds is very low inrelation io those for large-acreage
crops. In addition to requiring stringent pest control,
greenhouse ornamental production is labor intensive and
the crops are produced in dense, enclosed plantings. The
frequent pesticide applications and intensive worker
contact with treated foliage and greenhouse work surfaces
result in potential exposure of applicators and re-entry
workers to pesticide-treated surfaces.

Pesticide application is generally regarded as extremely
inefficient, with less than 1% of the applied material
eventually reaching and being active against the targeted
pest (Pimentel and Levitan, 1986). This inefficiency has
motivated research into application techniques toimprove
pesticide deposition and, in turn, pest control efficacy. In
production systems such as ornamentals, where registra-
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tion of new pesticides is decreasing, application techniques
that increase efficacy of existing materials are desirable.

Permethrin is commonly applied for control of leaf-
miners, leafrollers, artnyworms, whiteflies, and cabhage
loopers in production of ornamentals such as chrysan-
themums, roses, and poinsettias. Numerous studies have
investigated the effects of application on the behavior of
permethrin. The efficacy of permethrin against dia-
mondback moth larvae was found to increase 4-10-fold
when spray droplet size was reduced from 274 to 36 ym
indiameter {Omar et al., 1991). Similar studies found the
persistence (Omar and Maithews, 1991) and rainfastness
(Omar and Matthews, 1990), as bicassayed through
mortality of Plutella xylostella larvae, to also increase as
spray droplet size decreased and concentration increased.
The relationship between increased efficacy and smaller,
more concentrated spray droplets cceurs commonly inthe
literature [e.g., Hislop (1987)].

Giles and Blewett (1991) discussed the motivation for
use of electrostatic spraying technology for reduced-volume
spraying of small concentrated droplets. Comparison of
electrostatic spraying to conventiona! high-volume ap-
plication of fungicide to field-grown strawberries deter-
mined electrostatic application to achieve significantly
greater foliar deposition and longer persistence of pesticide.
Sopp et al. (1990} found electrostatic application of a fungal
biological control agent (Verticiilium lecanii) for aphids
to achieve superior underleaf deposition and pest control
efficacy compared to that of a conventional high-volume
sprayer.

While reduced-volume application techniques such as
electrostatic spraying, aerosol or “fog” generation, and
fumigation may improve pest control efficacy, these
systems may also alter the potential worker exposure to
pesticides. Lindquist et al. (1987) reported that use of
thermel and nonthermal foggers resulted in more variable
deposition and higher airborne concentrations of pesticide
than conventional high-volume sprays. Pasticide appli-
cator exposure has been investigated (Stamper et al.,
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1989a-c} in ornamental production, and protective equip-
ment has bsen shown to effectively mitigate exposure

Potential exposure of cultural workers who enter and
contact pesticide-treated foliage is a significant concern
in greenhouse production [e.g., Mestres ot al. (1985)}.
Potential cultural worker exposurs has been closely
correlated to the amount of dislodgeable foliar residue
(DFR), i.e., residue that can be removed through surface
extraction, present on the crop and the characteristics of
worker contact with the freated folinge and use of
protective clothing. The numerical relationship between
DFR (usually sxprossed ss micrograms of pesticide per
square centimeter of foliar area) and worker exposure
(micrograms of pesticide per hour), viz., the transfer factor
{em?® foliage/h), has heen discussed by Popendorf and
Lefﬁngweﬁgm (1982), Zweig et al. (1986), and Krieger ef al.
{1980).

The strong relationship between potential cultural
worker exposure snd distodgeable foliar residue implies
that application technigues that increase deposition may
similarly affect worker exposure. Moreover, application
techniques and deposition characteristics can alse affect
the dissipation rate of the deposit (Pielon et al, 196
Giles and Blewett, 1991) upon which regulatory re-entry
{ntervals are based. Additionally, most studies of DFR
measurement have used the water and surfactant wash or
sutface sxtraction technique of Iwata et al. (1977) for
residue resoval, Such a removal technique is dissimilar
totherelatively dry, mechanicel transfer process by which
cultural worker exposure may oceur. This study was
motivated bythelack of raporied information on theeffects
of application technique on pesticide deposition, dissi-
pation, nontarget contamination of greenhouse surfaces,
and mechanically dislodgeable foliar residue.

OBJECTIVES

The objectives of the study were to contrast the effects
of two commerciaily available application technigues, viz.,
conventional *wet” spraving and sir-assisted, reduced-
volume elecirostatic spraying on {a) deposition and
digsipation of permethrin on greenhouse ornamental
plants, (b) nontarget deposition on greenhouse and bench
surfaces, {e) mechanical dislodgment of foliar residue, and
{d) the total recovery and mass balance of the applied

pesticide.
EXPERIMENTAL DESIGN AND TECHNIQUES

Test Crop and Cultural Practices. The experiment was
conducted in & 0.65-ha commercial greenhouse located in
Hseramento, CA. The house wan glass-covered and equipped
with steam heating and s forced-ventilation evaporative cooling
system. Frrigation water in all test plota was applied through
dripemitters poaitioned inindividusl plantpots. Theornumental
cropused inalltests was “florist-market” chrysanthemum, grown
asfour plants per 15-em-diameter plasticpot. During application,
typical plant height and leaf area (one side) per pot were 20 om
and 4500 ¢m?, respectively. Plants wersgrewnon 18X 128 m
wooden benches elevated 0.8 m above ground. Each hench held
approximately 180 pots. Benches were separated by 0.6-m-wide
walkways estending along the 12.m sides and 24-m-wide
pisleways extending along the L8-m sides.

ApplicationTechniques, Permethrin [3-phenoxybenzyl (+)-
eis truna-3-2,2-dichlotovingd)-2,2-dimethyleyclopropanecarbox-
ylate], formulated sa Pounce 3.2 BC (supplied sz a residue trial
grade product by FMC Corp.) was applied at a norirsl rate of
31L/ha, corresponding to 1.15 kg of active ingradient (al)/ha. The
conventional spray apptieation (Figure 1) was made using a
commercially available sprayer (FMC Corp.) consisting of a
variable-cone nozrle integral within a high-pressure handgun to
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Figure . Applicatormaking conventional wetspray application
to chrysanthemums.

Figure?. Applicator makingelectrostaticreduced-volumespray
application.
which lgquid was supplied via 2 30-m hose from a two-cylinder
piston pammp operated at a pressure of approximately 2 MPa,
The application rate of tank mixture for the conventional spray
was 2300 Liba and was considered typieal for “wet” or “full-
spray” spplications in the greenhouss industry. The reduged-
volume application (Figure 2) was made using a commercisily
available (ESS, Inc.) air-atomizing, induction-charging, electro-
stutie handgun sprayer based on technology licenaed from the
Undversity of Georgia (Law, 1978} Characteristics of the
electrostatic sprayer weve similar to those described hy Giles and
Blewett (1991). The application rate of tank mixture for the
reduced-volume apray was 46 L/ha, representing a 50-fold
reduction from the conventional application. Charge-to-mums
ratio of thereduced-volume electrostaticspray was approximstely
-6 mCrkg. AH apolications were mads by a full-time applicator
employed by the cooperating nursery. The application tank
mixture for both conventional and reduced-volume spray con-
sisted of water, the psrmethein formulation, and Triton B-1956
surfactant (300 ppm by volame), After mizing, tank mixtures
were buffered to approximately pH 6.6,

Test Design and Execution. The applications were made
in summer (June} and winter (December) of 1891, The sppli-
cation techniqne was similar for sach spray systes; each hench
was sprayed from both sides, resulting in a typical application
time of 70 s per bench. The summer trials were conducted on
eight benches with four benches treated with each application
methad. The reduced-volume application was made T days after
the conventioral application. Since the applications were
temoporally separated, temperature, relative humidity, and fo-
solation were recorded hourly throughout the experiment and
are shown in Figure 3. Similarity in environmental conditions
during the sampling periods indicated that valid comparisons
couid be made between freatments. The winter trials were
conducted on three benches for each application method,
Conventional and reduced-volume applications were separated
by 18 h. Since the tests were easentially coincident, no envi-
ronmental data were recorded. For all applications, the actual
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Figure 3. Environmentsl conditions in gresnhouse during
residue dissipation sampling from summer application: {top)
tetaperatuze; fmiddle) relative humidity; (bottom) inselation.

spray time for ench sideof each bench was measured and recorded
by two observers. The volumetric flow rate from each sprayer
wan determined by messuring the time required for the appticater
to dzscharge a known volume of spray liguid during actual
spraying. ‘The amount of permethein applied to each test bench
was determined from the product of the tank mixture concen-
tration, volumetrie flow rate of each sprayer, and the total spray
time of each bench.

Deposition Sampling, Spray deposition on the treated
foliage, ie., dislodgeable foliar residus, wiau determmined using
techniques similar to those used by Gunther st al. (1971) and
Twata et al. (19773, Forty leaf punches, each 2,52 om in diameter
{400 em? total surface area), were mntiamly vollected through
the foliage on each bench. Sample jars were sealed and
refrigerated until exiraction, Al samples were analyzed within
24 h of collection. Samples were taken 1,3, 7, and 14 days after
ench appication. Pretzeatment samples taken on all benches
pricr to application dstected no permethrin, No additional
permethrinwas applied to the crop during the sampling pericds,

Permethrin was removed from the leaf disk surfaces by using
two 20-min washes with a 2% sodium divetyl sulfosuccinate
sohetion. A liguidfliquid extraction with ethyl acetate was used
5 extract permethrin from the sguecus solution, Exeoss water
wasremoved by filtering the extract through anhydrous Na80,.
Aliquots were directly analyzed for permethrin on & Hewlett-
Packard 5280A gas chromstograph equipped with a capiliary
¢oltemn and an electron capture detector. Cis and trans isorners
were separately rescived in each analysis, Approximately equal
atios of each lsomer were detected over the study period, All
results reporbed ave thesum of cisand trans isomers of permethrin,
Recovary Sor 20 pg of permethrin in the aqueous extract was
98%,

Bepositionwassampled on nontarget surfacea using filter paper
dosimeterstaped tothe surfaces. Eachdosimeter exposed 2 23.76-
om?circle of flter paper. Dosimeters wers placed on benehtops,
on aislewsys (Figurs 4), and underneath benches. Dosimeters

Glles ot al.

Figure 4. Nontarget deposition collection by filter paper
dosimeters on henchtop and aisleway surfaces.

were temoved 1k after application, and the mass of permetinin
was quantified by ethyl acetate extraction and gas chromatog-
raphy as previously discussed.

T'wenty entire-leaf samples {approximately 1600 cm? of foliar
aren) were alsocollected from each bench 1 day after application.
The samples wera brushed using & mite brushing machine
manufactured by Leedom Engineering, San Jose, CA, and
commonly used by entomologists to quantify infestation. The
removed solids were collected onto filter paper by 4 vacuum
filtration system underneath the rotating brushes. The filtar
paper samples were analyzed in a manner identicat to that of the
nontarget deposition samples. After brushing, leaf aress were
determined using an electronic planimeter {Li-Cor Model LI-
3000). The brushing operation was 4 dry, mechanical removal
process that represented measurement of dislodgeshls foliar
residue in a manner more closely simulating actual worker contact
with foliage. The technique was conecstved within the Worker
Health and Safety Branch of CDPR and is continuing to be
doveloped.

Dats BReduction. All foliar residue and nontarget deposition
values were expressed as micrograms of permethrin per square
centimeter of leaf ares and surface ares, respectively. Allvalues
were adiusted to compensate for variation in spray times during
application by normalizing all data to & standard application
rateof 3.42¢ of permethrin per bench. Dislodgeable foligr residus
§DFR} data were used to fit a first-order decay equation of the

T

Q= Q™7 1
where Gt} is the quantity of DFR present on the folisge at time
t, & is the initial deposition or DFR at time zero, and r iz a
characteristic time or decay conatant. The often-used half-life

parameter, £1s, i equial to 0.683r. Equation 1 was fitted to the
observed data by nonlinear ieast-squares analysis.

RESULTS

¥Foliar Residue and Dissipation. Estimated param-
sters and standard srrors vepresenting the fitted decay
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Table §. Estimeted Initial Deposition, @, and Decay
Constant, v, Values {with Standard Errors) from
First-Order Decay Models for Each Application and Pooled
Data for Each Application Technique

) application
SEBBOT technigue e, s/ om? 7, days rt
summer conventional 480 (003 1194278  0.68
reducedevolume 1450100 1000171 881
winter eonventional 043 (0.03) 124210 081
reducedwolume LIDMID)  26.22(9.73) 045
pooled eonventional S35 (009 1158217 D82
reduced-velume  1.20(0.08) 13798234 055
):
2
i
o
2 o H
£ ol . RRS S
z - . X
g I "W Log transformad

& 2 4 6 s P V—
Tims Sines Applcation, days
Figure §. Dissipation of dislodgeeble foliar residue from

conventional and reduced-volume applications insummer (solid
symbols) and winter (hollow symbols).

Tuble IT. Statistical Contrasts of First-Order Dissipation
Curves of Foliar Residue from Conventional (C) vu
Reduced-Velume {RV) Applications

H:
H: H: Qo = Qomy
ssa80n {Roc = Goav) {rc = rav} and 1o = 1av)
summer b ns e
mr £ - L 2 )
pooled Ll s L]

2 Koy: nsdenotes faflure 1o reject hypothesis; * danotes rejection
&t 1 < 0.05; ** denotes rejection at o < 0.61.

curves for each spray application are shown in Table L
The carves and observed data are graphicafly shown in
Figure 5. The effects of application technique on depo-
sition and dissipation were rigorously determined by
statistical comparison of the fitted decay curves as
dizcussed by Giles and Blewett (1991}, Decay curves were
tested for voincidence; when coincidence was rsjected,
further analysls determined whether initial deposition,
Qq, the time constant, v, or both parameters differed.
Results of the hypothesis testing are shown in Table IL
Each hypothesis was tested by computing the lack of fit
sum of squares produced by imposing the particular
hypothesisundertest. Themeanlackof fitaumofsquares
was divided by the mean ervor sum of squares to produce
an f statistic for the hypothesis. The hypothesis was
rajected if the computed f values exceeded contral Fvales
for the appropriate degrees of freedom and o value.
Coincidence of decay cutves from sach application tech-
nique was rejected (o < 0.01) for surmer, winter, and
pooled data. Rejection was generally due to the higher
initial deposition (& < 0.01) from the reduced-volume
application. Decay thme constants for the application
techniques did not significantly differ for the summer and
pooled data; for winter data, equality was rejected at a <
0.08, :
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Figure 7. Depesition on all sampled surfaces from esch
application technigue, (Standard deviations areshown by bars)

Mechanically Dislodged Foliar Residue. The me-
chanieally removed foliar residue for the reduced-volunse
and conventional applications averaged 0.174 (0.065) and
0,106 {0.021) ug/om?, respectively [standard deviation (8D
in parentheses]. The relative amounts of mechanieslly
distodged residue and initial deposition from each appli-
cationtechnigue areshowninFigure 8. The rechanically
dislodged residue constituted amuchlower portion, 13.5%,
of the reduced-volume residue than the conventional
application residue, 30.3%, Nosignificant difference was
found between the total amount of mechanically dis-
lodgeable residue from sach application technique,

Nontarget Deposition. Permethrin depositiononall
sampled locations and from bhoth application technigues
is shown in Figure 7. The greatest deposition was found
on the benchtop surfaces; mean (8D} depositions were
4.91 (5.85) and 1.68 (0.75) pg/cm® for the conventional and
reduced-volurne applications, respectively. Thedifference
wat statistically significant (¢ € 0.01). Deposition on the
sisleways averaged 138 (0.71) and 0.40 (0.18) pgfom? for
the conventional and reduced-volume applications, re-
spectively. The difference was statistically significant (o
<0.61). Underbench deposition averaged 0.24{0.18) and
0,45 {0.26) ug/em® for the conventional and reduced-volume
applications, respectively. The difference was not sta-
tistically significant {a > 0.10).

DISCUESION

Foliar Deposition. Uss of reduced-volume, electro-
staticapplcation resulted in approzimately 3.7 times more
foliar deposition (as measured via surface extraction) than
use of the conventional wei-spray technigue, Therelative
increase was consistont with results from laboratory masa-



2814 J. Agric. Food Chem., Vol 40, No. 12, 1992

transfer studies of electrostatic spraying using similar air-
asgisted spray-charging technology (Law and Lane, 1381).
No significant difference was found in mechanically
removed foliar residue from each application technigue.
The results implied that various application techniques
could affect both the amount of initial deposition and the
mechanical characteristics of the deposit. The implication
was further supported by the apparent interaction between
weather and dissipation time of the electrostatically
deposited permethrin. Deposition from the conventional
sprayer dissipated at essentially the same rate after winter
and summer applications; electrostatic spray deposition
dissipation was approxzimately twice as fast in summer as
compared with that in winter. Itshouldbe noted, however,
that concentration of tank mix and application technique
were confounded factorsin the experimental design. While
the design allowed the technologies to be compared in a
manner consistent with the intended commercial use, it
did preclude any independent, individual evaluation of
concentration and application effects.

Nontarget Deposition. Spray deposition on the
benchtop surfaces between and underneath the planta was
approximately 3 times greater for the conventional ap-
plication than for the reduced-volume application. Con-
ventional wet-spray application is commonly designed and
conducted to intentionally result in spray runoff from the
targetfoliage. Incontrast, the reduced-volume application
is designed to avoid significant foliar wetting and spray
runoff. The results were consistent with the design
characteristics of the application techniques. Conven-
tional deposition on the aisleway surfaces was approxi-
mately 3.5-fold the reduced-volume deposition. Thisresult
was also consistent with the characteristics of the two
application techniques. The conventional spray appli-
cation utilized large droplets with high velocities. Such
droplets are more likely to pess through target areas and
ultimately deposit on floor surfaces. The smaller, elec-
trically charged droplets from the reduced-volume ap-
plication are more mobile and, therefore, more likely to
move slowly within a foliar canopy until deposition occurs.
Application technique did not have a significant effect on
deposition underneath the benches. Numerically, the
reduced-volume deposition was greater than the conven-
tional deposition. This was possibly due to the greater
mobility of the smail droplets from the reduced-volume
application. :

Mass Balance. The study design, with target and
nontarget deposition measurement within an enclosed
structure, suggested that a mass balance analysis could
further illustrate the differences in deposition character-
istics from the two application techniques, Moreover, the
amount of permethrin applied to each bench was known,
and pesticide recovery for the entire experiment could be
estimated. The recovered pesticide from the greenhouse
benches could be caleulated as the sum of the deposition
on the individual areas of sampling, viz., foliage (F),
benchtop (B) surface, aisleway (A) surfaces, and under-
bench (U) surfaces. Arithmetically, the recovered pesticide
could be expressed as

P =Pp+Py+ P, + Py @

recovered

with

Glles et al.

P, = (DFR)AN @)
Py = DAy )
P,=D,A, &)
Py = DyAy 6

where DFR is the dislodgeable foliar residue (ug/cm?); Ap,
Ap, Aa, and Ay are the areas of plant foliage per pot,
benchtop, aisleway, and under-bench areas, respectively
{cm?); N is the number of pots per hench; and Dg, Dy, and
Dy are the depositions on benchtop, aisleway, end under-
bench surfaces, respectively (ug/cm?),

Values, with standard deviations or standard errors, for
each term in eqs 2-6 are shown in Table III. Foliar
deposition values were obtained from the Qo estimates
from eq 1. Deposition values for the benchtop, aisleway,
and under-bench surfaces were directly measured as
previously described. The surface area of the aieleway
and under-hench areas was measured in the greenhouse;
the number of pots per bench was counted. Bench surface
area was calculated as the difference between the total
benchtop area and the area covered by the 15-crn-diameter
plasticpots. Foliar area per pot was measured by removing
all leaves from sample pots and measuring the leaf area
with an electronic planimeter.

The resuiting mass of permethrin for each term (eqs
3-6) and the total recovery (eq 2) are shown in Table IV,
The relative recovery, with respect to the applied per-
methrin per bench (3.42 g) from each source and for each
application technique, is shown graphically in Figure 8.
The mass-balance analysis could account for 1.68 g, or
49%, of the applied permethrin from the conventional
application. The corresponding recovery from the re-
duced-volume application was 2.49g, or 73%, of the applied
permethrin. While the recovery from the conventional
spray application was lower than that from the reduced-
volume application (1.68 vs 2.49 g}, the uncertainty, or
variation, was higher {0.73 vs 0.44 g, or, in relative terms,
43 vs 18%).

Mass-balance and recovery values were not directly
measured; rather, the resultant mass values were caleulated
using a number of independent measurments. In such
cases, standard errors of the resultants, or confidence in
the values, can only be determined through uncertainty
analysis (Kline, 1985; Moffatt, 1985). Standard errors in
Table IV were obtained through application of the Kline—
McKlintock theorem to egs 2-6. The partial derivative
of each equation was taken with respect to each measur-
ment in Table IT1. Each partial derivative was evaluated
using the observed valuesin Table HI toobtain a sensitivity
factor for each measurment. The product of each sen-
sitivity factor and the corresponding uncertainty in each
measurment was squared. The terms were summed and
the square root was taken to yield the uncertainty in the
resultant. The results of the analysis for eq 2, the mass
recovery, are shown in Table V as contribution from each
measurment to the uncertainty of permethrin recovery.
Uncertainty, or variation, in the deposition on the benchtop
surface contributed over 95% of the uncertainty in
permethrin recovery from the conventional application,
Variation in the foliar area per pot contributed over 75%
of the uncertainty in permethrin recovery from the
reduced-volume application.
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Table I11. Terms, Numesical Values, and Standard
Peviations or Standard Errors Used in Mass Balance
{Equations 2-8)
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Tabie V. Relative Contributions of Each Individual
Measurement te Final Uncertaluty in Total Reclaimed
Permethrin

{eTIo units mean (3D
DFR? ugiem?
conventional (.35 {0.03)
reduced-voiumse 1.28 {0.08)
pfom?
vorventionat 4.51 {3.85)
reduced-volume 1.68 (0.75)
By ngiom?
conventional 1.38 0.7
reduced-volume {140 (0.18)
Dy ugfom®
ponventional .24 (018
reduced-volume 0.45 (0.28)
Ay om?® 8738 (1656}
Ag oo 185 584 (2790}
Ax am® 117 057 (809
Ay em? 217 393 {2405}
N 180 (8

(3o values {Table I} are from fit of £q 1; all other values are from
direct megourement.

Table IV. Recovery of Permethrin within the Greenhouse®
recovered permethrin, g per bench

- location conventional reduced-volume
foliage .50 (G.11) 203 (041)
henehtop $.91 (673 .31 (14

i 4,18 (0.08) 004 (0.02)
under bench 3,05 (0.04) 0.10 (0.06}
tofal 1.68 40L.7% 24% 0.44

s Mean values are shown, and estimated standard errovs from
Kline~McKlintock uncertainty analysis appear parenthetically.
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Figure$. Relative and total recovery of applied permethrin on
¢ bench areas and target foliage. Caleulated uncer-
tainty in each component is shown in Table IV,

CONCLUSIONS

Comparison of conventional and air-assisted, reduced.
volums, electrostatic pesticide application technigues
found very significant effects on the follar deposition,
vesidus removal characteristies, location and amount of
nontarget deposition, and fotal maess recovery of per-
methrin applied within the greenhouse. The reduced-
volume slectrostatic application resulted in an approxi-
mately 3.7-fold incresse in foliar deposition. In winter
season application, reduced-volume application resulted
in significantly longer persistence of foliar residue. Gen-
prally, the conventional application resulted in greater
depoaition on nontarget surface areas, particularly on the
henchiop area between and underneath the potted plants.
Amuss-batance and pesticiderecoveryanalysis determined
$8and 16% of the applied pesticide was deposited on the
target foliage by the reduced-volume elecirostatic appli-
cation and the conventional application, respectively.

relative consribution
to total uncertainty, %
souree conventional  reduced-voluma

deposition on folisge (DFR) .41 813
deposition on benchtop 85.94 8.94
deposition on aisle 1.28 0.23
deposition under bench .28 164
no. of pots per bench 0.11 417
aren of foliage per pot 2405 T5.88
area of benchtop a04 fi%i3)
area of aisle 000 8,00
area under banch 0.68 300

The results imply that use of the reduced-volume
electrostatic application technique could potentially allow
3~4-fold reductions in application rates of pesticide while
maintaining foliar deposition equivalent to current con-
ventional spraying. Moreover, use of the electrostatic
technology with the reduced rates could potentially result
in spproximatsly 10-fold reductions in deposition on
nontarget suxfaces, :

A dry mechenical disledgment technigue was used to
remove foliar residue from treated leaves. The technigue
was investigated as an alternative to the commonly used
gurface extraction with aguecus surfactant sclulions.
{Intike the extremaely efficient surface extraction, the dry
brushing technique may be more sensitive to the me.
chanical characteristics of the spray deposit and other
factors, such as foliar dust, which can affect residue transfer
to workera during cultural and harvest operations. The
ratios of mechanically removed to surface-extracted foliar
residue were 0,135 and 0.303 for the electrostatic reduced-
vohinne and conventional applications, respectively, The
results iroplied that only a fraction of foliar residue that
can he removed by aggressive surface extraction in
laboratory analysis may actually be available for transfer
to workers during comercial operations. Morsover, the
fraction of foliar residue available for mechenical transfer
was significantly affected by application technique; elec-
trodeposited residue was more difficult to remove,

ACKNOWLEDGMENT

We express our appreciation to Loren Okl and Mike
Montaguaof Ol Nursery, Inc., for access tothe commercial
greenhouse facilities; Jim Knabke of FMC Corp. for
residual trial grade Pounce 3.2 EC; Sheils Margetich and
Scott Fredrickson of the California Department of Food
and Agriculture Chemistry Laboratory for sample analysis;
and John Kabeshima of UC Cooperative Exiension and
Mike Parrella of the Department of Entomology, UL~
Davis, for insight into the greenhounse industry in Cali.
fornia.

LITERATURE CITED

Giles, . K. Blewstt, T. C, Effects of conventional and reduced-
volume, charged-spray application technigueson dislodgeable
foliar residue of captan on strawberries. J. Agric. Food Chem.
1384, 39, 1846-1651.

Gunther, ¥, A.; Westlake, W. E.; Barkley, J. H.; Winterlin, W3
Langbebn, 1.. Establishing dislodgeable pesticide residueson
leaf surfaces. Bull. Environ, Contam. Toxivel 1971, §, 243~
248,

Hislop, B. C. Can weachieve optimal peaticide deposits? Aspecis
Appl. Biol. 1987, 14, 153-172.



2518 J. Agric. Food Chem., Vol 40, No. 12, 1992

Iwata, I; Knaak, J. B,; Spear, R. C.; Foster, R. J. Worker reentry
into pesticide-treated crops. 1. Procedure for the determi-
nation of dislodgeable pesticide residues on foliage. Bull.
Environ. Contam. Toxicol, 1977, 18, 649655,

Kline, S.J. The purposes of uncertainty analysis. J. Fluids Eng.
1988, 107, 153-160.

Krieger, R.; Blewett, C.; Edmiston, 8; Fong, H; Gibbons, D.;
Meinders, D.; O'Connell, L.; Ross, J.; Schneider, F.; Spencer,
J.; Thongsinthusak, T. Gauging pesticide exposure of handlers
(mixer/loaders/applicators) and harvesters in California ag-
riculture. Med. Lav. 1990, 81 (6), 474-479.

Law, 8. E. Embedded-electrode electrostatic-induction spray-
charging nozzle: theoretical and engineering design. Trons.
ASAF 1978, 21 (6), 1096-1104.

Law, S, E.Lane, M. D, Elecirostatic deposition of pesticide spray
ontofoliar targets of varying morphology. Trans. ASAE 1981,
24 (6), 1441-1445.

Lindquist, R. K.; Krueger, H. R.; Powell, C. C. Airborne and
surface residues of permethrin after high- and low-volume
applications in greenhouses. J. Environ. Sci. Health 1987,
B22 (1), 1627,

Mesires, R.; Francois, C.; Causse, C.; Vian, L.; Winnett, G. Survey
of exposure to pesticides in greenhouses. Bull. Environ.
Contam. Tozxicol. 1983, 35, 750~756.

Moftatt, R. J. Using uncertainty analysis in the planaing of an
experiment. . Fluids Eng. 1986, 107, 173-178.

Omar, D.; Matthews, G. A. The rainfastness of permethrin
deposits of emulsifiable concentrate (EC) and uitra-low-volume
(ULV) formulation on brussels sprout leaves, Trop. Pest
Manage, 1990, 38, 159-161,

Omar, D.; Matthews, G. A. Influence of formulation and spray
droplet size upon the persistence of permethrin deposits on
brussels sprouts leaves. Crop Prot. 1991, 10, £41-44.

Omar, D.; Matthews, G. A.; Ford, M. G.; Salt,D. W. Theinfluence
of spray droplet characteristics on the efficacy of permethrin

Gites ot al.

against the diamondback moth Plutells xyloatella: the effect
of drop size and concentration on the potency of ULV- and
EC-based residual deposits, Pestic. Sci. 1991, 32, 439-450.

Fielou, D. P.; Williams, K.; Brinton, F. E. Differances in the
deposition and persistence of pesticides on the upperand lower
surfaces of leaves. Nature 1962, 195, 256-257.

Pimentel, D.; Levitan, L. Pesticides: amount applied and amounts
reaching pests. BioScience 1986, 36, 86-91.

Popendorf, W. J.; Leffingwell, J. T. Regulating OP pesticide
residues for farm worker protection. Residue Rev. 1982, 82,
125-201,

Sepp, P. L; Gillespie, A. T.; Palmer, A, Comparison of ultra-
low-volume electrostatic and high-volume hydraulic applica-
tion of Verticillium lecanii for aphid control on chrysanthe-
mums. Crop Prot. 1390, 8, 177-184,

Stamper, J. H.; Nigg, H. N.; Mahon, W, D.; Nielsen, A. P.; Royer,
M. D. Applicator expoaure to fluvalinate, chlorpyrifos, captan
and chlorothalonil in Florida ornamentals. J. Agric. Food
Chem. 1989a, 37, 240-244.

Stamper,d. H.; Nigg, H. N.; Mahon, W. D.; Nislsen, A. P.; Royer,
M. D. Pesticide exposure to greenhouse handgunners, Arck.
Environ. Contam. Toxicol, 1389b, 18, 515-528,

Stamper, J. H.; Nigg, H. N.; Mahon, W. D,; Nielsen, A. P.; Royer,
M. D. Pesticide exposure to greenhouse drencher. Bull,
Enuviron. Contam. Toxicol. 1989¢, 42, 208-217.

Zweig, G.; Leffingwell, J. T.; Popendorf, W. The relationship
between dermal pesticide exposure by fruit harvesters and
dislodgeable foliar residue. J. Enuviron. Sci. Health 1985, B20
(1), 27-59.

Received for review May 1, 1392, Accepted September 1, 1992,
Registry No. Permethrin, 52645-53-1.



