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ABSTRACT

Researchfrom1989to0 1996intodriftfromair blast orchard spraying,
principally in kiwifruit blocks with live shelter, is reviewed. A mass
balancestudy showed 96% of appliedvinclozolin could beaccounted for
with 75% onthetarget crop, 19% on the ground or shelter and about 2%
leavingtheblock asdrift. Summarisingresultsfrom 21 trialsgavetrends
for both deposited and aerial drift outside the shelter to decrease
exponentially with distance (distance for 50% decline, d, 5, ca. 26 m).
Chlorpyrifos, pirimiphos-methyl and particularly diazinongaveel evated
drift levels that persisted after spraying ceased. This was attributed to
volatilisationfromthecrop. Typical driftlevelsfor arangeof pesticides
were 0.5-5mg/m3 in air samples and 20-200 mg/m?2 in deposits 50 m
downwind of shelter. Air measurementsin urban areas 0.5-1 km from
orchardsdetected low level sof chlorpyrifosand diazinon (5-40 ng/m3).
Driftlevelswerenot strongly influenced by formul ation, water rate(500-
2150litres’ha) or wind speed (0.5-5 m/sec). Risksto human health from
drift outside sprayed blockswere assessed asminimal .
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INTRODUCTION

Concern over drift from spraying hasincreased in orcharding districts over recent
yearsasgrowing urbancommunitiescomeintocl oser contact withintensified horticul tural
production. Publishedinformationonspray driftfromorchardingislimited, particularly
under New Zealand conditions where horticultural blocks are often surrounded by
shelter beltswhich may beexpectedtoattenuatedrift. The Parliamentary Commissioner
for the Environment has reviewed the general area of spray drift and made
recommendations regarding legislation, sector responsibilities and further research
needs (P.C.E. 1993). The Ministry of Health hasrecently devel oped guidelinesfor the
investigation and surveillance of spray drift incidents (Begg and Bates 1996). In 1989
thekiwifruitindustry identified drift asanissuewhereit had responsibilies. Fundingwas
provided over six yearsfor research and the results have been presented to industry as
comprehensive reports and articles (Holland and Maber1991; 1992; Holland et al.
1994).

Thisreview summarisesresultsfromawiderangeof fieldtrial sand measurementson
spray drift fromorchards, principally carried out in kiwifruit. Themethodol ogy for drift
measurement and thefactorsinfluencing drift are discussed and somehuman health risk
assessmentsaremade based onthe measured level sof pesticidesindepositsand air.

METHODS

Trial Sites

All measurementsweremadeon standard orchard blocksintheWaikato and Bay of
Plenty during themai ngrowing season (December-June). The21 trialscovered aperiod
from1989-1996. Theprincipal crop studiedwaskiwifruitgrownonT barsbuttwotrials
were carried out on perssmmons. Sprayed blocks were 0.35-0.65 ha in area and
surrounded by live, mature shelter, usually 8-10 m highSalix (matsudanacultivars) or
Casurina spp.
Pesticidesand spray application
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Spray applicationswereby standard axial fanassisted hydraulic sprayerscalibrated
todeliver volumeratesintherange 500-2250 litres/ha. Thepesticidesstudied included
chlorpyrifos, diazinon, i prodione, pirimiphos-methyl andvinclozolinat either half or full
label rates (0.5-1.0 kg/ha). In sometrials two sprayers were operated in tandem in the
same or adjacent blocks applying different chemicalsto assess variables such aswater
rate.

M ass balance study

Anapplicationof vinclozolin (0.71 kg/ha) wasmadetoakiwifruit block (0.7 ha). In
additiontomonitoring of downwinddrift, intensive samplingwasundertakeninsidethe
block coveringregionsincluding cropleaves, canes, fruit and support structures, ground
and shelter. At least 5 sampleswere taken from each region.

Spray Drift Logger (SDL) system

Measurements on drift and associated meteorological information were centred
around aspecially constructed sequential sampler system mounted on atrailer with a
retractablemast. Air samplers(operated at high volume) andfilter papersweremounted
aspairsintwo banksof six. Mechanical valvesand flaps enabled the pairs of samplers
tobesequentially exposedfor variousperiods. Thebanksof samplersweremounted on
themast 2mabovegroundlevel. Wind speed and wind direction sensorsweremounted
at 10 m, with temperature sensorsat 10 and 2 m and arelative humidity sensor at 2 m.
The meteorological information was logged automatically into a portable computer
which also controlled the sampling sequences.

Sampling

Samplerswerelaid out prior to spray application, generaly at distances from the
downwind shelter. Some sampling was also undertaken inside sprayed blocks. L eaf
punch samples were used to assess deposits within the crop, on shelter and on other
foliage. Fifty 2 cm diameter leaf disks were taken for each sample and immersed in
hexane for 16 hours. Glass beakers (500 ml, 11.5 cm diameter) were used to collect
samplesof deposited spray. Clean beakerswere placed ontheground and immediately
following the sampling period they wererinsed with 3x 15 ml acetone. Filter papers(9
cmdiam, glassfibreGFA or cellulose#1) wereal so used to collect deposited drift. After
the sampling period each filter was placed into a glass tube with acetone. Aerial drift
(aerosolsandvapour) wastrapped using suctionair filterspackedwith X AD-4 polystyrene
resin beads (Woodrow and Seiber 1978). The samplers consisted of a 47 mm i.d.
auminiumtubeandfunnel packedwithalOmmlayer of prewashedresin (20-60 mesh)
held between stainl ess steel mesh support disks. Thesewere mounted horizontally and
operated at air flowsof 140 litresymin (high volume) or 21-24 litresymin (low volume).
Immediately following thesampling period, thefiltersweredisassembled andtheresin
transferred to tubes along with acetone washings of the tube, funnel and mesh
assemblies.

PesticideAnalysis

Solvent extracts were concentrated to low volume and analysed by capillary gas
chromatography with splitlessinjection onto a 30 m x 0.20 mm i.d. HP5 column and
detection by electron capture (vinclozolin, iprodione) or nitrogen phosphorus
(organophosphorusinsecticides). Theresultswere expressed per unit area(ug/m?) for
deposited drift and per unit volume (ug/m?3) for aerial drift (aerosolsplustruevapour).

RESULTSAND DISCUSSION

Samplingtechniques

Thesampling systemswere shown by control and spiking experimentsto givelow
blanks and high recoveriesfor the test pesticides (>90% recovery for beakersor filter
papers,; >75% recovery for air samplers). In field tests, deposits were similar whether
captured by beaker or filter paper and detection limitswere 2-5ug/m?. Air sampling at
low or highvolumeair flowsgavecomparableair concentrations. Thusdeviationsfrom
isokinetic sampling conditions (sampling air speed at front of assembly matching the
wind speed) were not sufficient to change the sampling efficiency within the range of
wind speedsand airflowstested. Thedetectionlimitswereca0.005ug/m? (highvolume
sampling, 1 h) to 0.2 pg/m? (low volume sampling, 10 min). Vinclozolin proved to be
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avery useful pesticidefor drift measurements. Itisof low toxicity, stable, of low vol atility
and readily measured with high sensitivity by GC-ECD.
Massbalancetrial

The measured deposits within the treated block and drift outside the block are
summarisedin Table 1. Theseva ueswereconverted to percentagesof theapplied dose
of vinclozolin (0.5kg) using total areaestimatesfor the variousregionsof the orchard.
A leaf areaindex of 3.0 wastaken for thekiwifruit canopy (Smith and Buwalda1994),
and 2.0 for the shelter. The estimatesfor quantities of drift outside the block are based
onthecrudeassumptionsthat deposited drift declined exponentially with distancefrom
shelter (dg.s =26 m) and that aerial drift wascontainedinal50 mwideby 25 mhighair
column for the duration of spraying (30 min) at the mean concentration measured.

All theappliedvinclozolinwasaccounted for withintheerrorsof themeasurements.
Thetarget crop received 75% of the spray, 19% wason ground or shelter and about 2%
left the block in the form of drift. The rapid decrease in ground deposited drift is
noteworthy withreductionsof 10-20foldtotheinsideedgeof theblock (theshelter was
not sprayed) and by afurther factor of 500 at 50 m downwind of the shelter. Theseare
more favourable spray recovery and drift attenuation characteristics than reported for
unsheltered apple orchards (MacCollumet al. 1986).

TABLE 1: Massbalancefor application of vinclozolin applied to kiwifruit by
airblast sprayer (0.71kg/haappliedin 1420litreswater ). Windspeed:
1 m/sec at 10 m height.

Measureddeposit  Estimatedrecovery

ug/cm? % of applied
Kiwifruit canopy (leaf punches, random) 29+04 711
Fruit (wholefruit) 15+0.2 2.0
Trunk, canes (sections) 14+02 13
Support posts(filter papers) 0.6
30 cm height 05+04

120 cm height 1.1+0.6
Groundinsideblock (beakers)

under canopy 0.4+0.24 16.0

edgeof canopy 1.1+06

tractor row 1.7+0.7

against shelter 0.15+0.1
Shelter (filter papers) 2.8

2m height 024+ 0.1

4 m height 0.15+0.1
Ground 50 m downwind of

shelter (beakers) 3.3+ 0.5 ug/m? 0.3
Air 50 m downwind

(air samplers, 2 m height) 1.1+ 0.2 ug/m? 1.5
TOTAL 95.6%

Timeframeof drift

TheSDL systemwasusedtofollow drift fromapplicationsof vinclozolin/diazinonor
vinclozolin/pirimiphos-methyl mixtures. Fig. 1 illustrates atypical pattern of datafor
sequential air sampling 36 m downwind of shelter prior to, during and after spray
application. Theresiduesfor relatively involatilevinclozolin peaked during spraying and
thendeclinedtonegligiblelevels. However thelevel sof vol atilediazinonweremuch higher
andal soremained highafter spraying stopped. Similar, butlessexaggerated patternswere
foundfor chlorpyrifosand pirimiphos-methyl whichal sohavesignificant volatility. For
these pesticidestheair samplersarecollecting not only aerosol and vapour driftfromthe
spray, but also pesticide volatilising off deposits on the crop and ground surfaces.
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Interestingly, deposited drift samplersalso collected residuesof vol atilepesticideswel | after
cessation of spraying, indicating that thefilter papershavesomeaffinity for low level sof
pesticidevapour. Other studiesondrift from orchard spraying have measured continuing
evolution of volatilepesticidesfor several daysafter application (Woodrowet al. 1977;
Glotfeltyetal. 1990; Woodrowet al. 1997).
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FIGURE 1. Aerial driftfrom ground spigyiggf Kiwifruit with vincklozolin (0.5
kg/ha) and diazinon (1.0 kg/ha). Windspeed 5m/sec at 5 m height.
Monitoring at 2m height, 36m downwind of boundary shelter.

Factorsinfluencing levelsof drift beyond the shelter
Figs. 2 and 3 summarise the relationship between sampling distance and the drift
measured in aerial and deposit collectors respectively from over 21 ground spraying

eventsintheperiod 1991 to 1996. Thedrift datawasnormalised for applicationrate (1

kg/ha, aerial) or quantity (1 kg, deposits). Most datawerecollectedwiththe SDL system

positioned 30-50 m downwind of theboundary shelter. Thecorrelation coefficientsare
poor but thetrend linesare consi stent with slopesindicating ahal ving of driftlevelsfor
each 26 mdistancefromtheshelter. Thevariationsinlevelsat each distancereflect the
widevariety of conditionsstudiedincluding pesticidetype, windspeed, shelter density,
temperature and humidity. In addition, drift patterns were not consistent close to the
shelter and measured drift at less than 25 m was frequently lower than expected. As
indicated above, the pesticide properties have a major influence on drift levels. For
exampleextracting datafor theninetrial swith diazinonimprovedtheR valuefor aerial
drift/distanceto 0.8 and on asingletrial basis, the R valueswere generally greater than

0.95 (closest sampler 25 m).

Comparisonsbetween trials, including somewith dual sprayersto minimiseinter-
run climatic effects, allowed the following broad conclusionsto be drawn:

1. Formulation(EC, WP, FL, presenceof mineral oil) hasnosignificant effect ondrift.

2. Drift levels are similar for high or low water rates applied with well calibrated
sprayers (2150 to 500 litres/ha).

3. Diriftlevelsincreasewithwind speed, particularly above 5 m/sec, but theeffectsin
the range 1-5 m/sec are not marked. Presumably the greater quantities of drift
undergo moredilution at higher wind speeds.

4. Density of shelter has a marked effect with live shelter filtering more drift than
artificial wind break. However, openingsinthelower canopy of matureliveshelter
canletdriftthrough. Shelterisunlikely togreatly influencelevel sof truevapour drift
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at more than 20 m downwind.
Drift tourban areas

Drift measurementsweremadeinKatikati during March/April 1995duringaperiod
of intensivesprayinginthesurrounding district. Sequential air samples(1-4 hour each)
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FIGURE 2: Aerial drift beyondtheboundary shelter for ground sprayed kiwifr uit.
Summary of 21trials1991-1996. Drift valuesadjusted toastandard
application rateof 1 kga.i./ha. R =0.57
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FIGURE 3: Deposited drift beyond the boundary shelter for ground sprayed
kiwifruit. Summary of 21trials1991 - 1996. Drift valuesadjusted to
astandard application of 1 kg a.i. R =0.52

were taken over 20 hour periods at stations 0.5-1 km distant from kiwifruit orchards.
During known applicationsof chlorpyrifos, low level swere detected (0.005-0.040ug/
m?) and these persi sted after spraying had ceased. About 20% of air sampl es contained
diazinon at thedetection limit (0.003-0.030ug/m3) although diazinon sprayingwasnot
known to have occurred during the sampling periods. These level sare consistent with
exponential dilution of 1 ug/m? levels near sprayed blocks and are similar to those

measured in Californian towns closeto agricultural districts (Seiberet al. 1989).
Risk assessment
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Themaost appropriate compari son pointsfor human exposureto apesticidesarethe
Acceptable Daily Intake (ADI). Although the ADI is principally based on minimising
risks of chronic effects, the relatively high acute toxicities for organophosphorus
insecticidesareal soincorporatedintotheir ADIs(ug/kg/day : diazinon 2, chlorpyrifos10,
pirimiphos-methyl 30). Table2 presentsestimatesof exposurestodiazinonfromtypical
drift scenari osbased ontheconservativeassumption of compl eteabsorption of deposits
on the skin and of inhaled drift.

TABLE 2: Exposureto diazinon from spray drift (1 kg applied, 60 kg adult,
upper body fully exposed).

Derma Inhalation
DriftLevel  2ug/lcm? 100ug/m? 10ug/m? 20ug/m®  Sug/m® 0.5ug/md
in outside 100 m lhr,in 1hr,outside 24 hr,
orchard shelter orchard shelter 100 m
Doseug/kg/day 220 11 0.11 0.33 0.08 0.17
Ratioto ADI 110 0.55 0.055 0.17 0.041 0.08

These estimatesarein therange of those presented in theinterim guidelines (Begg
and Bates 1996). | n-orchard exposure at these maximal level sduring spray application
isobviously undesirable and supports all the recommendations for wearing of safety
equipment. Thetheoretical dermal dose outsideablock approachesthe ADI only if the
bystander isclosetotheshelter throughout theapplication. | nhal ation dosesarelow even
with the continuing volatilisation which results in potential 24 hour exposures on
neighbouring properties. Exposure estimates have been developed for other more
diversescenariossuch asdermal contact with drift affected foliage or contamination of
drinking water (Begg and Bates 1996).

CONCLUSIONS

The high leaf areaindices and boundary shelter of typical kiwifruit orchards are
favourableto capture of spray and thereby minimisedrift outsidetheorchard. Thishas
been confirmed by the mass balance study. However measurable drift does escape
sprayed blocks with levelsin air or deposit being attenuated with distance from the
shelter. VVolatile pesticides such as diazinon rapidly evaporate from the crop and this
factor makesamajor contributionto aerial drift both during and after spraying events.
Thevolatility of the pesticide and the density of boundary shelter are the main factors
influencing levels of drift wherewell-calibrated airblast sprayers are operated in low
winds(1-5m/sec). Riskstothehealth of bystandersoutside sprayed blocksunder these
conditions are minimal. These studies have contributed to the minimising spray drift
throughthedevel opment of the Agrichemical User’ sCodeof Practice(NZS6409:1995)
and theassociated certification of spray applicators.
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