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Citrus orchards are the fifth major user of pesticides in Brazil, corresponding
to 4% of the total sales of $ 2.5 B in 2000 (SINDAG 2000). Conventional
pesticide application on citrus have low efficiency, with 47 to 50% retention of
the 10 L of spray applied per plant with handgun sprayer and 30 to 45% of 7
L applied with air-assisted sprayer (Matuo 1988). Therefore, the large
quantity of spray not retained by the plants is dispersed in the surroundings
and could reach workers and cause intoxication.

Occupational exposure to pesticides can be controlled by reducing contact of
these products to the exposure routes of the body. Quantification of skin and
respiratory exposures and determination of its relative importance in total
exposure are fundamental in the selection of effective, comfortable and
economical safety measures. Generally more than 99% of the total exposure
occurs through the dermal route and less than 1% through the respiratory
route in the field conditions (Wolfe et al. 1972; Van Hemmen 1992).

Occupational exposure to pesticides can be quantified by measuring tracers
added to the application spray (Jensen 1984). Metallic cations are known to
be excellent tracers in sprays because of their low toxicity. They do not
degrade during testing, transport and storage of the samples and are usualily
selective for cultivated plants. Metallic cations have a low cost and their
recovery from samplers by analytical procedures is highly efficient. Copper
cation from copper oxychloride fungicide was utilized very efficiently as tracer
in the determination of dermal exposures of workers in staked tomato plants
(Machado-Neto 1990). In a similar manner Mn*® from manganese sulfate
could be utilized as tracer in the quantification of respiratory exposure to
pesticides.

The purposes of this study were to determine the effectiveness of Mn*? from
manganese sulfate as tracer in determining respiratory exposure to
pesticides, the relative importance of the dermal and respiratory exposure
routes and their effects on total exposure and safety of the working
conditions to workers applying pesticides on citrus orchards utilizing handgun
sprayer and air-assisted sprayer.
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MATERIALS AND METHODS

Mixed cellulose ester filters (SKC) with 0.8 um pore size and 37 mm diameter
were utilized for sampling manganese cations (Mn*®) in cassettes of
individual air sampling pumps to determine respiratory exposure. Recovery of
Mn* from the mixed cellulose ester filters was performed after adding
increasing volumes of an aqueous solution of manganese sulfate containing
692 ppm Mn*3. After drying under laboratory conditions the fiters were
placed in plastic flasks containing 20 mL 0.2 N HCI, for two hours for the
solubilization and recovery of Mn*>. Manganese cation was quantified in
solutions by atomic absorption spectrophotometer (GBC 932AA). The
recovery data were statistically analyzed by means of polynomial regression
fitted to linear equation (Pimentel-Gomes 1963).

The safety of the working conditions was calculated from the data on the
potential dermal exposure (PDE) and the potential respiratory exposure
(PRE) during 1999 and 2000 in orchards located in the state of S&o Paulo.
Application using handgun sprayer was carried out in Péra-rio orchards with
2.5 to 3.0 m high plants and air-assisted sprayer in Valéncia orchards with
4.5 to 5.0 m high plants.

The handgun sprayer utilized was 2000-L capacity Rolanzir high pressure
sprayer equipped with two 4-m hoses with D10 nozzle tips. In this type of
spraying one tractor operator works together with two applicators that are
positioned on a platform located at the rear of the spray tank at 0.5 m from
the ground. Spraying is performed directing the jets to one side of each plant
of two rows moving the spray jets in such a way that they reach the top and
low parts of the plants.

Air-assisted sprayer utilized was 2000-L capacity Arbus 2000 Valencia
(Jacto). J5-2 nozzle tips were alternated with J5-3 nozzles the lowest
positioned at 1.2 m from the ground. In this type of spraying only the tractor
driver is required.

The two types of sprayers applied 10 L of spray liquid per plant, at 21 bar of
pressure. PDEs of the workers to the sprays containing copper fungicide
Cuprogarb 500 WP were quantified through the copper cation as tracer
{(Machado-Neto 1997). The samplers utilized were overalls, cotton gloves
and female hygiene pads. Exposure was determined for short periods of one
hour of work and subsequently extrapolated to a whole day of six hours of
effective exposure (Machado-Neto 1997). PREs were determined on mixed
cellulose ester filters, with 0.8 um pore size utilized in cassettes of
continuous-flow air pumps (A. P. Buck) with 2 L/min flow rate. The cassettes
were positioned in the breathing region of the workers exposed to the sprays
containing Mn*?, which was utilized as tracer. PREs were determined for
periods of approximately three hours and extrapolated to a day of six hours
of effective exposure. All the activities were assessed from data gathered
from 10 repetitions.
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After the exposures, the overalls were cut into pieces, the cotton gloves, the
female hygiene pads and the mixed cellulose ester filters were immersed in
0.2 N HCI to extract the cations. The samplers remained in the solubilizing
agent for two hours. Subsequently, an aliquot was filtered with qualitative
filter paper and the tracers were quantified by atomic absorption
spectrophotometer (Machado-Neto and Matuo 1989). Exposures to the
sprays were calculated from the concentrations of tracer measured and the
respective concentrations of the pesticides in the sprays, according to
Jensen (1984). PDEs and PREs were calculated for the 21 most toxic and
most utilized pesticides in citrus orchards, taking into account their respective
recommended doses (Andrei 1999).

The safety of these working conditions was calculated using the formula for
margin of safety (MOS) by Severn (1984) modified by Machado-Neto (1997),
which is as follows: MOS = (NOEL x 70} / (QAE x 10), where: MOS = margin
of safety, NOEL = no observed effect level (mg/kg/day) (Tomlin 1997); 70 =
average body weight (kg); 10 = safety factor to compensate for the
extrapolation of NOEL values obtained in laboratory animals to those for
humans (Brouwer et al. 1990); and QAE = quantity absorbed exposure
{mg/day). In the calculation of the MOS for the dermal route (PDE), a QAE =
10% of the PDE determined (0.1 x PDE) was considered, and for the
respiratory route (PRE), a QAE = 100% of the PRE. For total MOS (PDE +
PRE), QAE = [(0.1 x PDE) + (PRE)]. The criterion utilized for the
classification of the safety of work conditions was the following: if MOS > 1,
safe conditions, acceptable exposure and tolerable risk; and if MOS <.1,
unsafe conditions, unacceptable exposure and intolerable risk (Machado-
Neto 1997).

RESULTS AND DISCUSSION

The recovery of manganese cations (Mn*?) from mixed cellulose ester filters
was fitted to the linear equation X = (Y — 0.06) / 0.92 (R? = 0.999), where: X =
concentration of Mn*® in the sampling filter corrected for recovery, and Y =
concentration of Mn*® measured in the samplers (Table 1). Recovery of Mn*?
from filters previously contaminated was 91.2%.

The dermal exposure of the tractor operator applying pesticides with a
handgun sprayer was 99.98% of the total exposure and only 0.02% was from
the respiratory exposure. In pesticide applicators operating handgun, 99.99%
of the total exposure was through the dermal route and only 0.0077%
through the respiratory route. In applications using the air-assisted sprayer,
dermal exposure was 99.99% of the total exposure and respiratory exposure
just 0.0042%. The percentage values of the relative importance of the
exposure routes of the pesticide applicators in citrus orchards (Table 2) are
similar to those reported by others (Wolfe et al. 1972; Van Hemmen 1992).
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Table 1. Concentrations of manganese cations (Mn*3), from manganese
sulfate, added to sprays and mean values of concentrations recovered
from the mixed cellulose ester filters, with the respective linear predictions
and fitted equation.

Concentration Added Concentration Linear Prediction
Recovered
0.00 0.03 0.06
0.40 0.43 0.42
0.70 0.70 0.67
1.00 1.00 0.97
1.40 1.33 1.34
2.80 2.60 2.61
F Treatment 1,445.00*
F Linear regression 7,224.00**

Fitted equation Y = 0.06 +0.92 X (R? = 0.999)

** (P <0.01)

Table 3 shows that only respiratory exposure of the three activities examined
was used to classify 21 pesticides at recommend doses as safe (MS > 1).
For the tractor driver working with handgun sprayer, dermal exposure (PDE)
and total exposure (PDE + PRE) were used to classify fourteen pesticides at
recommended doses as safe (acrinathrin, azocyclotin, benomyl,
bromopropylate, chlorothalonil, cyhexatin, deltamethrin, fenbutatin oxide,
fenpyroximate, hexythiazox, propargite, thiophanate methyl, trichiorfon and
vamidothion).

Table 2. Mean values for potential dermal exposures (PDEs) and potential
respiratory exposures (PRESs).

Potential Handgun sprayer Air-assisted sprayer
Exposure
(mL/day) Tractor driver Applicator Tractor driver
Dermal 57.2 356.7 496.8
(8.D)) (£16.57) (£83.37) (+84.13)
Respiratory 0.0138 0.0276 0.0209
(8.D) (+0.0008) (+0.0014) (+0.0025)

S.D. = standard deviation n=10

For the applicator using handgun, dermal exposure (PDE) was used to
classify nine compounds at recommended doses as safe (acrinathrin,
benomyl, bromopropylate, fenbutatin oxide, fenpyroximate, hexythiazox,
propargite, thiophanate methyl and vamidothion). However, considering the
total exposure (PDE + PRE) of these pesticide applicators, it was only
possible to deem propargite at the recommended dose as being safe.
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For the tractor driver working with air-assisted sprayer, dermal exposure
(PDE) and total exposure (PDE + PRE) were used to classify eight
recommended compounds as being safe (acrinathrin, benomyl, bromopro-
pylate, fenbutatin oxide, fenpyroximate, hexythiazox, thiophanate methyl and
vamidothion).

For tractor driver working with the two types of sprayers, the PDEs were the
determinant exposures for safety, independent of the PREs. The greater
importance of the dermal exposure route compared to the respiratory
exposure routes in these studies is also evident from the doses of active
ingredients recommended as being safe, calculated from the PDEs and
PREs, separate and combined.

Table 3. Classification of safety as a function of the MOS calculated for the
exposure routes studied for 21 active ingredients at recommended doses.

Safety for Recommendations of active ingredient.
exposure Handgun sprayer Air-assisted sprayer
routes Tractor driver Applicator Tractor driver

DERMAL RQUTE (Potential Dermal Exposure)
1*-5,7,8,12-14, 1,3,4,12-14,17, 1,3,4,12-14,18

Safe 17 1520 and 21 18 and 21 and 21
6 9-11, 15,16 2.5-11.15 16 2 5-11,15-17 19
Unsafe and 19 19 and 20 and 20
RESPIRATORY ROUTE (Potential Respiratory Exposure)
Safe 121 121 121
Unsafe - - -

TOTAL (Potential Dermal Exposure + Potential Respiratory Exposure)
1-5,7,8,12-14, 1,3,4,12-14,18 1,3,4,12-14, 18

Safe 1771820 and 21 and 21 and 21
69 10 11 15 16 2 5-11,156-17, 2 5-11, 15, 16, 17,
Unsafe and 19 19 and 20 19 and 20

Legend: 1=acrinathrin, 2=azocyclotin, 3=benomyl, 4=bromopropylate,
S5=chlorothalonil, 6=chlorpyrifos, 7=cyhexatin, 8=deltamethrin, 9=dicofol,
10=dimethoate, 11=ethion, 12=fenbutatin oxide, 13=fenpyroximate,
14=hexythiazox, 15=methidathion, 16=parathion methyl, 17=propargite,
18=thiophanate methyl, 19=triazophos, 20=trichlorfon e 21=vamidothion.

* numbers correspond to the above products.

The safety of working conditions of pesticide applicators using a spray
handgun was similar to that for tractor driver, except in the recommended
doses of propargite, which was classified as safe (MOS = 1.09) at least with
dermal exposure (PDE) and unsafe (MOS = 0.85) with total exposure (PDE +
PRE). This exception is due to the fact that the calculated MOS value was
close to one. In this case, the respiratory exposure value, being very low,
made the working conditions with this acaricide unsafe.
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These results showed that the safety of the exposures to pesticides at
recommended doses for citrus orchards is influenced by the intrinsic toxicity
of each pesticide and by the exposure due to the specific working conditions,
in agreement with Tumbuli (1985).
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