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Combined effect of applied equipment and formulation of
pesticide on spray and dust drift in relation to harmful effects
for honeybees in Libya.
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Abstract  In Elhamronia Zone, Tripoli, Libya, field and laboratory studies were conducted in summer 2008 two
investigate drift of Cyanophos applied on potato fields onto adjacent miaize plants. Drift deposits of Cyanophos was
determined as pg/kg maize leaves. The determinations were conducted on leaves of maize grown at various distances from
the edge of the rreated potato fields {i.e. 5, 8, 14. up to 51 m). Distances travelled by drift in the Ist spray were farther
than those of the Z2nd spray. This result could be easily explained on the basis that wind speed was higher in Ist spray
{wind speeds were 3.8 and 2.6 kim/hr during time of application in the 1st and 2nd sprays, respectively). The farchest
distance within maize field reached by drift was observed for the dust application followed by micron ULVA and
mistblower spraying '

++(the distances were 206, 35 and 44 m in the first spray when using the mistblower, micron ULVA and the mistblower as
a duster, respectively). The corresponding values of drift deposits were 18.5, 13.6 and 28.4 ng/kg maize leaves,
respectively. The potential drift emitted by micron ULVA compared with that of misthlower may be due to the smaller
droplets of the former sprayer. Drift of Cyanophos released by each of the tested equipment caused 100% mortality of
honeybees placed at the distances 5 and 8 m from the edge of treated potato field. For the dust application, 100%
mortality was observed at longer distances {I4 and 17 m). The study suggests that buffer zones (no spray zones) have to be
established downwind of the treared field to avoid environtnental contamination due ro offtarget deposition of pesticide
drift. The model and specifications of these zones depend variably on quality of spray, release height, wind speed and
other factors. Other measures of drift mitigation have to be considered.

Introduction

Pesticide application is an important activity in
agricultural production. Methods of application and use
of pesticides include liquid sprays, dusts and fogs. The
most commonly of these used are aerial and ground
spray. Spray application methods are the final
controllable event in most pest control programs. The
resulting depree of mortality and the use of pesticide,
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the degree of success or faifure, and many of the long-
terin ecological consequences of pesticide use are a
function of spray application methods. Application of
foliar sprays is a complex process that includes such
events as spray atomization, transport to the plant,
impaction on plant surfaces and rerenrion (Reichard et
al., 1998). These processes all influence spray
effecriveness. Thus, precision spray application appears
to be a primary objective of hoth physical and biological-
oriented scientists concerned with pesticide use allover
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the wotld. This concern has been expressed for berter
control by increasing target contact efficiency but not to
increase the exposure of non-target organisms appearing
in a pesticide applicator area. The optimum size for
insecticide spray dropler is one of the most important
and most elusive factors affecting the efficiency of
insecticide spray. When small droplets are applied,
coverage of the target (e.g. plant) may be improved.
However, the small droplets increase drift potential,
thereby increasing the possibility of adverse effects on
surrounding plants and animals. The majority of
pesticides continue to be applied as formulations
diluted in water and sprayed under pressure through
hydraulic nozzles. These sprays consist of or very wide
range of dropler size and in’consequence, the larger
droplets influenced by gravity are mostly deposited fairly
close to the point of release {Matthews, 1995) and fail to
artain the required coverage and distribution on the
plant surfaces. As Cooke et al. {1985) pointed out,
hydraulic nozzles although biologically effective, are
wasteful because large droplets may bounce off foliage.
Controlled droplet size application (CDA) is a familiar
term for means of spraying a uniform cloud of droplets
of the correct size to give effective control of a pest with
the minimum amount of pesticide and carrying liquid
(Marthews, 1979), Spinning disc droplet generarors falt
into this category. The hand-arried spinning disc
sprayers (e.g. micron ULVA) are designed especially for
application of pesticides at ultra low volume rates of 1-5
L/h (Qudejans, 1991) and introduced in Egypr for
water-oil based application on potato fields at rate 9.5
L/H. (Osman et al., 1994). Another type of spraying
systems applying reduced volumes is airassisting
spraying. Airassisted sprayers (e.g. the motorized
knapsack rmistblower) use air jets to carry pesticide
droplets to the rarget position, to displace the air inside
the crop canopy and to assist a uniform deposition of
the pesticide droplets on the rargeted surface (Sidahmed
and Brown, 2001; Delele et al., 2005; DaSilva et al,
2006). In addition to the precision spray, offered by
such equipments problems arising from the availability
and transport of water can be alleviated by reducing
dosage volumes during application. Dust application
may be of a great concern in this respect particularly for
rainfed crops (Gupta and Katiyar, 1987; Bodhade and
Agalave, 1991). However, reduced spray volumes require
smaller droplets which are prone rto drift and
environmental contamination. The aim of this study
was to evaluate the effect of applied equipment and
formulation of pesticide on spray and dust drift during
application onto maize plants grown adjacent to the
treated fields in relation to toxicity of this drift to
honeybees, when Cyanophos applied by two methods of
application, i.e. micron ULVA and the motorized
knapsack misthlower.

Materials and methods

1. Insecticides used: Cyanophos:

Trade name: Cyanox 50% EC, Technical cyanophos
98.7% was used in the present study as well.

Manufacture: Sumitomo comp.

Source: provided by Founder of the Arab Federation
For Agricultural Development.

Struceural forinula:

iy
NC OP(OCH3)>
Chemical  name:  O-4-cyanophenyl  o,odimethyl

phosphorothicate.
Molecular weight: 243
Rate of application; 2380 cm3/H.

2. Chemicals and orher materials used:

Talc powder: Hydrated magnesium silicare, Mg3 $i02
{H20) 4. And aceton were provided by Founder of the
Arab Federation for Agricultural Development.

3. Test organisms:
Honey bees:

Honey bees, Apis mellifera L. {first hybrid
carniolan workers) were obtained from the special apiary
of Elhamronia zone, Tripoli. Bees were directly
transferred from the apiary to the site of experiments in
small wooden boxes (each of 5 x 10 cm) covered with
wire gauze.

4, Application equipments:

Two types of equipments each rtepresented
drift spraying were used; ie. Micron ULVA and a
motorized knapsack mistblower.To use the mistblower
as duster, the inner part of rhe tank was thoroughly
dried and the following components were removed:
nozzle and spray tube, hose, plug and liquid strainer.
The following parts were assembled: WVentilation
distributor and the drainage socket. The powder flow
was tegulated by turning the dusting adapror on the
pleated hose.

5, Insecticidal formulations and their physicochemical
properties:

5.1. Preparation of Cyanophos in the laborarory as dust:

Cyanophos was prepared in the laboratory as
5% Dust. The impregnation method was used as
described by Bishara and Hafez (1974) with minor
maodifications. The required amounr of technical
Cyanophos was dissolved in acetone (Technical grade).
The solution was transferred gradually ro the caleulated
amount of a talcum powder. This addition was carried
out in a warring blender to ensure complete mixing and
homogenization. The resultant slurry was quantitatively
transferred and spread on a plain glass surface and left
ro dry at room temperature for ten hours. The semi-
dried mass was then dried ar 400C for 24 hours by
means of an oven, powdered and sieved through a 325
mesh standard sieve. The product was kept in tightly



closed glass conrainers till use.

6. Drift studies:

Eight plots of potato, each of nearly (14 x 35
m) separated by non reated strips of potato cultivations
each of (10 x 35 m) were designed to be adjacent to
eight corresponding plots each of about (14 x 50 m)
grown with maize and positioned downwind of potato
field. The experimental plors of maize were also
separated by strips of maize plants each of {10 x5 0 m).
Cyanophos was applied on potato by three methods of
applications ie. micron ULVA, and the motorized
knapsack mistblower as a sprayer and as a pulverizer.
Two plats of potato corresponding to two plots of maize

were specified for each type of application. The rest of
plors were reserved as a conrrol. Two applications of
Cyanophos were performed, on 27/7 and 12/8. Heights
of maize plants were 100130 cm throughout the
experimental period.

Samples of maize leaves (each of nearly 500
gm) were collected randomly from rwo rows of plants at
each distance afrer each spray at various distances from
the edge of treated potato and transferred rto the
laboratory in plastic bags. Cages of bees was allowed o
stand in their positions during and 24 hours after
pesticidal application, thereafter mottality counts were
recorded. Weather condirions obtained by Tripoli
Sration, are shown in Table (1).

Table (1): Weather conditions during field application for drift studies.

6. Analysis:
6.1. Initial drift deposits on maize:

Dislodgeabile drift deposits of Cyanophos on
maize leaves were detenmined. Samples of maize leaves
collected from rthe field were divided inro 200 gm
representative sub-samples, which were chopped to small
pieces. The method of extraction and clean up of
Cyanophos was that described by Mukherjee and Gopal
(1992} with some modifications. Each subsample was
transferred to round-bottom flask containing 800 ml of
acetone, Stoppered flasks were vigorously shaken by
means of a mechanical shaker for one hour. The extracts
were decanted into other clean flask and the chopped
maize leaves were reextracted by the same procedure.
The extracts were combined and evaporated under
reduced pressure to 10 ml which were transferred along
with a saturated solution of sodium chloride (150 ml) to
a separating funnel. The resultant solution was extracted
with hexane (3 x 50 ml). The combined hexane extract
was passed on anhydrous sodium sulphate and
concentrated to 5 ml then cleaned up via passing
through a column prewashed with 50 ml of hexane +
acetone (9: 1 v/v). The column was filled with acidic
alumina (5 gm} + sodium sulphate (2 mg) and was eluare
with 100 ml of a mixture of hexane + acerone (9: 1 v/v).
The elute was evaporated to dryness and the residue was
dissolved in 10 ml methanol and then analyzed by
HFLC.

6.2. Chromatographic analysis:

Analysis was done using HPLC apparatus,
Peckman ate: 5, Wl: 236, AF. S UV detector
maodel Peckman 110b; the mobile phase: methanol, flow
rate: 0.7 ml/min.

7. Statisrical analysis: Startistical analysis of
variance of the dara was carried out according to
Duncan's mulriple range test (Duncan, 1955),

Results and Discussion
1Drift studies:
2.1. Drift of Cyanophos into adjacent maize plants:

The drift into adjacent maize plants during
application of Cyanophos on potato fields was studied.
Dirift deposits of Cyanophos was determined as pg/kg
maize leaves. Values were corrected with percent of
recovery, which was found to be 87%). The
determinarions were assayed on maize leaves positioned
at various distances from the rreated potato fields (i.e. 5,
8, 11, and 14 up to 50 m). Results are recorded in Table
(2).

Md = Mot derecred

It is apparent thar, in all methods of
application distances travelled by the drift in the first
spray were further than those of the second spray. This
result could be easily explained on the basis thar wind
speed in the first spray was higher than in the second
one (3.9, 2.7 kmm/hr, respectively as previously
mentioned). Wind speed plays an essential role for drift
of pesticides (Briand et al., 2002; Gil and Sinforr, 2005).
The farthest distance within maize field showing
detectable residues was observed during dust application
followed by thar of micron ULVA and the misthlower
spraying. At the first spray, distances reached by residues
of Cyanophos o 26, 35 and 44 m when using the
mistblower (sprayer), micron ULVA and the mistblower
{duster), respectively. At the end of these distances, the
corresponding values of mean deposits were 18.5, 13.6
and 28.4 pg/kg of maize leaves, respectively. Ar the
second application, the distances were 20, 26 and 35 m
corresponding to the initial deposits, 21.3, 12.6 and
43.2 pefkg maize leaves respecrively. Ar 5§ m away of
treated porato, the drift emission from the mistblower
pulverizer was more potential than spray applicarion
(the mean of initial deposits was 124.3 or 215.1 pe/ke
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maize leaves for dust application versus 81.3-117.2
pg/kg maize leaves for spray application).

It is known that because dust particles are
finely ground, they may drift long distances from the
treated area and may contaminate off-target areas. [n the

current study it is obvious that spraying with micron
ULVA is a greater contributor to drift than spraying
with the mistblower, This is something logical because
micton ULVA releases smaller droplets liable to drift.
The relation between drift and . droplet size was °
described by Niessen (1974) as shown in the table (3),

Table (2): Drift of Cyanophos into adjacent maize plants during its application on potato field by
various methods. ’

From this table if is sbvisus that the distanees
travelled by the droplets as drifi increases with
decreasing their sizes. Droplets of smaller size ean
remain suspended in the air for long perieds and drift
long distanees. Drift is net limited to liguid
applications, light weight dusts are alse very suseeptible
to drifi. In all cases it is neeessary to make Aen spray
buffer sones with eerfain specifications to protect water
eourses and ReR targer organisms whenever pesticides
are applied.

1.2, Effeet of Cyaneophes drift en nen-target
erganisms: ‘ ‘
Simple rest was designed te prediet drift of
Cyanephes following its application by varieus metheds
te bees and fish located on the ground under maize

plants at varieus distanees from the edge of the treated
eotten fields. Cages of bees of eontainers of fish wete
allewed to stand in their positions during and 34 hr
afrer pesticidal applieation, thereafter, mertality esunts
were reearded.

3.3.1. Toxicity of drift to honeybees:

Results ate reeorded in Table (4): It is evident
ehat apart frem the mistblower spraying, the applieatien
of Cyansephes released driff ar a distanee of 14 m away
from the edge of rreated eotton resulting in 160%
mortality of bees. The drift emitted from dust
application was mere pewerful, espeeially in the 1% spray
where 24.5% mortality of bees was ebserved at &
distanee of 35 ny. In the first spray, ser8 merkality was
detected at distanees 20, 32 and 41 m when using the
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Table (4): Toxicity of Cyanophos drift against honey bees during and 24 hh after application on potato field.

mistblower and the istblower (duster)
respectively. In the second spray, these values were 17,
23 and 32 m, respectively. Thus, it seems that wind
speed (higher in 1" spray) plays an important role as a
contributor determining drift profile. The higher levels

of drift observed for micron ULVA or the duster are

sprayer,

easily explained based on their production of sinailer
droplets {or pine particles drifting longer distances.
Davis and Williams (1990) estimated the distance at
which bees would encounter an LDsy dose frowa spray
drift during application by ground methods. They found
that at a wind speed of 4 m/sec, maximum LDs,
distances were < 40 m. An unusual case was reported by
Morse and Gunnison (1967) where poisoning of
honeybees placed in area 1.25 miles from an area being
ait-sprayed with carbaryl. Death of bees may be caused
by drift of chemicals on hives, crops or water. When
drift occurs onto crops where bees are foraging the
problems are similar to those for cases involving direct
spraying. According to Peach (2006), drift occurs from
nearly all spray or dust Applications of pesticides from a
short distance to miles downwind. Pesticide dusts drift
farther than sprays. Pesticides applied by plane usually
drifr farther than those applied by ground equipment.
On the other hand dusts are nsually more hazardous to

1
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usually significantly reduces injury to bees. Moving bees
one mile away from the treated field reduces bee kill by

60%. Based on the earlier discussion, data of the
present study reveal rhat equipments like mistblower
and especially for micron ULVA, inspite of being
advantageous and efficient for insect control, it may
pose deleterious effects on non-target organisms due to
their emission of a potential drift onto field boundaries.
To make full use of these equipments, buffer zones (no
sprayed zones) have to be set downwind of the treated
fields. A buffer zone (also known as no spray zone) is an
area in which direct application of the pesticide is
prohibited; this area is specified in distance between the
closest point of direct pesticide application and the
nearest boundary of a site to be protected. The obtained
dara in the present study are considered insufficient to
suggest the specifications of these zones. No theoretical
basis exists to justify buffer zone at a given field (De
Schampheleire et al., 2007).

Buffers may be based on many variables e.g.
type and quality of spray, release height and others such
as wind speed. De Snioo and deWit (1998) reported that
the creation of a 3 m wide buffer zone may lead to a
95% reduction in pesticide deposition on the adjacent
‘ . oo

o el
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for the protection of aquaric ecosystemns. Tn some cases
iere 15 an eblization o wse Luffor zones {or
conservarion  headlands) in combinations with orher
drift  mirigation  weasures,  The  environmental
contamination due 1o offtarger of pesticide droplets can
be minimized by using optimun design and operating

7

parameters of spravers Examples are drift reducin
nozzles, shielded spraying (using shields or shrouds or
so-called tunnel spraying) (Sidahmed er al., 2004). Strips
of hedgerows are also effective {Longley eral,, 1997).
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