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ABSTRACT

Protective clothing is used as a barrier against pesticides when working with agricultural sprays. The
aim of this study was to evaluate the pesticide penetration, retention, and repellence of the material
and seams of a whole-body protective garment used by applicators of pesticides. The efficiency of
the material and seams of the whole-body garment were determined for its classification as proposed
by 1SO 27065 (ISO, 2011). The evaluation method used was the pipette test of ISO 22608. The efficiency
of the material and seams of the garment (100% cotton) were tested by contamination with formula-
tions of Roundup Original® SL; Nufos EC® and Supera SC®. The presence of the seams in the protective
clothing reduced its efficiency in the control of dermal exposure, except when protecting against the
Supera SC® formulation. The number of washes and uses affected the efficiency of the material and
seams of the garment. The type of formulation interfered significantly in the penetration of pesticides
into the material and seams. Thus, the laboratory efficiency assessment of protective clothing is nec-
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essary to determine what types of formulations and use conditions are appropriate for workers.

Introduction

Protective clothing acts as a protective layer between the
worker and pesticide contamination.[!] Generally in hot
climate countries the pesticide applicators wear porous
protective clothing, such as cotton, that are comfortable
and breathable. Variation in the efficiency of protective
clothing used by agricultural workers is often related
to the type of work performed by pesticide applicators,
given that direct and continuous contact of clothing with
plants can reduce the control of dermal exposure by
PPE (personal protective equipment).?! Different formu-
lation types (emulsifiable concentrated, soluble concen-
trated, suspension concentrated, and others) influence the
penetration of protective clothing fabric when handled
differently.l! The inefficiency of protective clothing is due
to misapplication or poorly made clothing favouring the
penetration of pesticides into the garments through open-
ings, seams, and zippers.[?!

The quantification of repellence, pesticide retention,
and penetration testing are the characteristics used to
determine the efficiency of porous materials in protec-
tive clothing against pesticides.!*! Chemical penetration is

passage that crosses through openings, pores in the mate-
rial, seams, holes, or other imperfections occurring in the
set.”) Factors that can contribute to the penetration of liq-
uids through such material include surface tension, vis-
cosity, pore geometry, and thickness of the fabric,!® and
wear by abrasion of the mechanical washing process.”!

The registration of pesticide products involves the
assessment of operator exposure and risk; factors
that determine the need to use personal protective
equipment.[®) The efficiency of protective clothing mate-
rial used by rural workers against penetration can be
assessed in laboratory tests by measuring repellence,
retention and penetration of pesticides, as well as fabric
seam porosity, as described in ISO 27065 standard.®]
The protocol is ISO 22608 for material resistance to
pesticides, which uses a pipette containing the pesticide
that will be in contact with the material, without the
use of mechanical pressure or hydrostatic force in the
application of the pesticide.!

To choose the best type of protective clothing, it is nec-
essary to know the level of protection required for each
pesticide formulation that is handled by the applicators,
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as well as to determine its application conditions. Thus,
the aim of this work is to evaluate the penetration and
retention of pesticides and the repellence of the mate-
rial and seams of whole-body protective garments used by
applicators of pesticides; determining the efficiency of the
material and seams for the classification proposed by ISO
27065 in relation to the type of formulation and its dilu-
tion tested, the chemical-physical characteristics of the
active ingredient, the mode of use of the garment, and the
number of washes.

Material and methods

Contamination of pesticides

This research evaluated the efficiency of material and
seams of protective water-repellent clothing, either used
by rural workers in the field or unused, both washed. The
efficiency was evaluated in accordance with ISO 22608.

The pesticides used in the ISO 22608 test were diluted
and undiluted: glyphosate-Roundup Original SL — sol-
uble concentrated; chlorpyrifos — Nufos EC — emul-
sifiable concentrated; and copper hydroxide — Supera
SC® — suspension concentrated. The respective formula-
tions were diluted to a final concentration of 5% of the
active ingredient, according to ISO 22608. The physical-
chemical parameters of the formulations and their respec-
tive dilutions are shown in Table 1.

Surface tension was measured according to ASTM test
method D 3825-09 (ASTM, 2009) with a tensiometer
model QC 6000 (Sensadyne Div. Instr.) at 25°C.[101 The
kinematic viscosity of the pesticide mixtures were mea-
sured according to ASTM D 2196-10, with viscometer
model DV-1 Prime (Brookfield), at 25°C. For this method
a speed of 50 rpm was used and the spin was set at n.61.[11]
The conductivity was measured with a conductivity metre
model Q - 795A2 (Quimis), calibration being performed
with standardized potassium chloride.

Protective clothing

Description: The personal protective clothing evalu-
ated is composed of 100% cotton, weight: 143.4 g m™%;

structure: plain woven; fabric count (yarns/cm): 23 (warp)
and 21 (weft). The fabric was coated with fluorocarbon
finish to provide water repellence. The seams of garments
have: stitch density: 6 stitches/cm; sewing thread: cotton;
stitch type: single chainstitch. The garment included
3 pieces: pants, a long-sleeved shirt, and a cap-type hood
with fabric to protect the neck and shoulders. The mate-
rial thickness of garments after washing was measured
according to ASTM D 177-96 with the device Mainard
Brand, Model M-73210, with centesimal precision
(0.01 mm) and 120 mm deep. The spring pressure of the
device was 10 kPa.[1?]

Conditions of use and washing

The personal protective was used and washed or just
washed. Under field conditions in citrus crops, with trac-
tor activity being considered less aggressive than the activ-
ity of directly applying glyphosate spray to adult cultures.
The use in sugar cane crop was considered more aggres-
sive, due the contact with the plants. After each use in the
field the garments were washed. The protective clothing
that saw no use was only washed in the laboratory. For
each use situation (field and laboratory) were used 4 pro-
tective garments at the various intervals of 0, 5, 10, 20, and
30 uses (field) and washes, A total number of 60 test gar-
ments. The garment was ironed after drying according to
the manufacturer’s recommendations.

Use in cane sugar

The personal protective garments were washed after of
each use under field conditions and, this procedure was
performed 30 times. They were used by field workers
without the addition of glyphosate in applications for
weed control. Not adding of the glyphosate in the her-
bicide spray was chosen to avoid interference in the
evaluation of efliciency. The workers who applied herbi-
cide walked between plant rows. The plants had 1.4 m
between them and were 1.5-2.5 m tall. A knapsack sprayer
was used to apply spray for weed control. Workers were
equipped with a flat fan nozzle that sprayed at an average
pressure of 35 psi. The application lance was placed on

Table 1. Mean and standard deviations of Physical-chemical parameters of diluted and undiluted formulation of Roundup Original SL,

Nufos EC, and Supera SC.

Physical-chemical parameters

Formulations pH Tension of the liquid spray (dyn cm—") Viscosity (cP) Condutivity (us/cm)
Nufos EC 5% a.i. 34401 304+03 23+0500 99.14+26
Nufos EC 25+01 303405 81+04 0.0+£0.0
Roundup Original SL 5% a.i. 44+01 448 +£0.7 14+£06 745.0 3.1
Roundup Original SL 47402 39.0£03 39.6 £26 5370425
Supera SC5% a.i. 87403 328402 1.8+0.2 2170 +£1.1
Supera SC 82402 4344+ 0.6 586.0 £53 1335.0 £ 14




the right side of the worker and the nozzle kept at 0.5 m
above the highest leaves of the weeds. After each workday
(7 hr) of exposure, the garments were washed with neutral
liquid coconut soap in an SLE-50M Washer, from SITEC,
which belongs to the sugar cane plantation. The washing
procedure was the original gentle program of the washer
itself. Then, the sample clothing was dried in the centrifu-
gal extractor SP-30M. The garments were ironed at 110°C
of according to the manufacturer’s recommendations.

Usein citrus
The personal protective clothing was used for workers in
tractor activity (air blast sprayer) in the application of cit-
rus plants. Pesticides were not added due to its noninter-
ference in the evaluation of protective clothing efficiency.
The average flow of the three nozzle spray was 1.44
L/min with a pressure of 100 PSI. The average time of
application was 30 min for each repetition, and 17.5
L/plant, with 1000 L of spray liquid. After each workday
(7 hr) of exposure, the garments were washed with neutral
liquid coconut soap in a Turbo-8 kg Washer, from Elec-
trolux. The washing procedure was the original gentle-
synthetic program of the washer itself, done in 3 steps:
stirring for 10 min, rinse for 18 min, and centrifuged for
18 min. The garments were ironed at 110°C after drying,
according to the manufacturer’s recommendations.

Washing in laboratory

The garment not used in the field was just washed in labo-
ratory according to ISO 6330 in the FOM 71 CLS Washer
from Electrolux. Each washing cycle was carried out with
2 kg of clothes, 4 sets of protective garment, 50 g of soap
AATCC 1993 as recommended in ISO 6330, Annex A.
The standard washing procedure lasted 30 min.["*! The
garments were ironed at 110°C after drying, according to
the manufacturer’s recommendations.

Test assembly

8 x 8 cm samples of material were cut from protective
clothing used in the fields (citrus and sugar cane) and
washed in the laboratory only. The samples were cut from
the head + neck, front torso, back torso, arms, front leg,
and back leg of the sets of personal protective clothing
(Figure 1) and washed. The seams of the hood, arm, chest-
sides and leg-sides were also evaluated. The pieces were
cut from the protective garment with 0, 5, 10, 20, and 30
uses (field) and washes. These samples were collected six
times for each part of the body to measure percentage
penetration, retention and repellency according to ISO
22608 (gravimetric method).

The test assembly consisted of an 8 x 8 cm test fab-
ric (top layer) and an 8 x 8 cm absorbent paper backed
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Head + Neck
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Back
torso

Front
torso
Back leg
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Figure 1. Protective clothing used to glyphosate herbicide in appli-
cations for weed control and respective regions evaluated.

with polyethylene film (Whatman Benchkote Plus with
polyethylene backing, Whatman 3 mm CR, Whatman
PLC, Whatman House, Kent, U.K.) held together between
two Plexiglas plastic plates, a base plate and a cover plate.
The cover plate had a 6 x6 cm opening (Figure 2).

Before the test were weighted the fabric specimen and
the two absorbent papers. A micropipette with a dispos-
able tip was used to apply 0.2 mL of the pesticide as
one droplet to the center of the fabric specimen (mate-
rial or seam). For repellent fabrics, a second absorbent
paper with polyethylene backing was placed between the
fabric and the top frame, following 10 min of pesticide
contact. After this time, the absorvent layer, used to mea-
sure repellency, was placed between the fabric specimen
for 2 min. The three layers (absorbent paper and fab-
ric) were separated and re-weighed. The fabric test spec-
imens and absorbent paper were conditioned and tested
at (20 & 5°C) and 60 £ 10% relative humidity for 24 hr
before testing. There were six replicates for each differ-
ent part of the body evaluated, a total number 48 sam-
ples for each interval of uses or/and washes (0, 5, 10, 20,
and 30).

Analyses of pippet method

The percentage of repellency, retention, and penetration
of formulation (diluted and undiluted) of pesticides were
calculated according to the procedures established in ISO
22608 standards.!'”! For the percentages were calculated

*= Pipettor
Fabric specimen

Cover plate with Dispoastie §p

opening (6 x 6 cm )\‘

Distance between the

_|__}t~ tipand the center of
= B fabric specimen
Base plate (3em)
(12x12em ]\,

Figure 2. Scheme of test assembly.
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Figure 3. SEM micrographs of materials of protective clothing: (a) material used in the cultivation of sugarcane and washed 30 times and

(b) material without use or washing.
using the following formulas:

Percent repellency (PR) = My x 100/M;,
Percent Retention (PLR) = Mp, x 100/M;,
Percent penetration (PP) = Mp x 100/M;,

where

M, = mass(g) of liquid pesticide retained in absorbent
paper used to remove excess after10 minutes;
Mp, = mass(g) of liquid pesticide retained from the
protective clothing material specimen,
M,, = mass(g)of liquid pesticide in the collector layer,
M; = total mass(mg) of liquid pesticide.

Morphology of fabric

The fabric samples of protective clothing were cut into
pieces 1x1 cm and placed on a metal ribbon on a speci-
men holder and identified of the according with use sit-
uation and washes. The fabric samples were metallized
with gold by a nebulizer S desk model II, Denton Vacuum
brand, and after this procedure the samples were pho-
tographed with a scanning electron microscope (SEM),
JEOL JSM 5410 scanning microscope model. The cap-
tured images were enlarged by 50 times, operating at a
voltage of 15 KV.

Classification of materials and seams

The efficiency of the material and seams of tested pro-
tective clothing, were classified by ISO 27065 after the
ISO 22608 test. ISO 27065 classifies useful life of garment
material and seams based on the penetration of diluted or
undiluted pesticides formulation of <5%; above this value
garments were considered to have failed.(]

Statistical analysis

The calculated penetration values were analyzed statisti-
cally using a completely randomized design using F test

for variance, and Scott and Knott analysis for the compar-
ison of averages.!'*! The Sisvar program was used.('!

Results and discussion

Effect of use of material on morphology

The morphology of the fabric fibres of the clothing used
in the field or only washed in the laboratory is shown
in Figure 3. The fabric was used and washed 30 times
(Figure 3a), and it showed that more fabric yarns were
loosened when the fabric was used in the field than when
it was washed only (Figure 3b).

The thickness of the fabric washed in the laboratory
increased by 37.5% with an initial thickness of 0.4 mm
and final thickness of 0.55 mm after 30 washes; this effect
may be due to the yarns becoming looser. The thick-
ness of the fabric used in citrus increased 43.7% after
30 washes to 0.57 mm. For the fabric used in sugar-
cane and washed 30 times, the increase was 52.5% with
0.61 mm.

Csiszar observed in electron microscopy the effective-
ness of the starch and carboxymethylation finishes on
decontamination of the methyl parathion after one wash,
and verified little residue on the fabric surfaces.!'®! Other
authors such as Faulde et al. observed by scanning elec-
tron microscopy that after 10 washes the fabric of work-
ers’ uniforms had ruptures of the ligaments between the
fibres of the fabric.!'” Various types of fabric with differ-
ent constituents such as polyester, cotton, and polyamide
were washed several times according to the ISO 6330
standard, which modified the main characteristics such
as weight, thickness and weft direction of the fabric
fibers.”]

Penetration of the formulations

Material of garment
Use and wash. The average penetration of pesticide
into the water-repellent material used in the field, then
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Table 2. Percentages of penetrations values of formulations de Roundup Original SL, Nufos EC, and Supera SC, through material of garment.

Formulations

Roundup Original SL Nufos EC Supera SC

Uses and washes Conditions Diluted Undiluted Diluted Undiluted Diluted Undiluted P value

0 Laboratory 28Aa 11Aa 42Aa 09Aa 23Aa 15Aa 0.78
Citrus 17Aa 14Aa 33Aa 1.0Aa 36Aa 26Aa 0.87
Sugarcane 3.0Aa 16Aa 46Aa 06Aa 30Aa 19Aa 0.35
P value 0.78 0.45 0.89 0.67 0.98 1.23

5 Laboratory 19Ba 13Ba 45ADb 1.6Ba 25Bc¢ 26Ba 0.01
Citrus 23Ba 15Ba 55Bb 15Ba 83.7Aa 24Ba 0.01
Sugarcane 3.0Ba 22Ca MIiBa 39Ca 74.6 Ab 13Ca 0.01
P value 0.83 0.91 0.00 0.67 0.03 0.45

10 Laboratory 32Ba 11Ba 8.0Ab 18Bc 6.1Ab 39Ba 0.00
Citrus 40Ba 19Da 6.7Cb 21.9Bb 80.8Aa 19Da 0.01
Sugarcane 42Da 22Da 724Ba 63.7Ca 777Aa 23Da 0.01
P value 0.67 0.45N 0.02 0.03 0.04 0.67

20 Laboratory 37Chb 13Ca M1ACc 1,9Cc 8.2Bb 26Ca 0.01
Citrus 42Bb 13Ba 641Ab 78.4ADb 74.8Aa 21Ba 0.01
Sugarcane 8.1Da 3.0Ea 743Ca 84.0Aa 779Ba 25Ea 0.02
P value 0.00 0.65 0.04 0.03 0.02 0.76

30 Laboratory 29Ch 0.8Ca M.0Bc 24Cc 13.8Ab 28Ca 0.02
Citrus 45Chb 14Ca 69.6Bb 81.5Ab 69.0Bb 29Ca 0.01
Sugarcane 70.5Ba 30Ca 76.3Ba 88.2Aa 78.8Ba 283Ca 0.010
P value 0.00 0.09 0.00 0.00 0.00 0.14

Note." Averages followed by same letter do not differ by Scott-Knott at 5% probability, lowercase letter, compared with the corresponding column for each condition
(uses and washes), and capital letter, compared in the row corresponding type of pesticides formulations (diluted or undiluted). Bold percentages penetrations

above 5% - failed by 1SO 27065.

washed was higher than that of the material only washed
in the laboratory, mainly to contamination with Nufos EC
and diluted Supera SC (Table 2). The use interfered in
the fabric’s structure. The structure of fabric with water-
repellent treatment interferes in the absorption and reten-
tion of agrochemicals by the material.l'! Consequently,
the effects of use and washing may have removed part of
the Teflon (the water-repellent finish).

The wear of the material from the number of uses
and washings was positively correlated with increasing
percentage of penetration (Table 2). The explanation is
that washing alters the surface characteristics of water
repellent material, as well as the structure and stabil-
ity of the fiber, resulting in decreased protection.!®!
Sontara fabrics with water-repellent treatment, washed
with mechanical stirring 10 times, showed a signifi-
cant increase of 39% in the penetration of water after
five washes,'”! highlighting the loss of protection by
waterproofed fabric was caused by mechanical washing
procedures.

Another factor that decreases the water repellence of
material is a wash process consisting of soap with lipases;
after only a single washing, the amount of lipids is reduced
in cotton fabrics with water-repellent treatment.?*) The
percentage penetration for material without use or wash
was below 5% to formulations tested; similar results were
reported by Shaw et al. and showed the percentage of
mpenetration below 3% by the pipette test for material
(100% cotton — 277 g m~2) with water-repellent finish

without use or wash contaminated with diluted pesticide
formulations of 5% a.i. atrazine (suspension concentrat-
eds and water dispersible granules) and pendimethalin
(emulsifiable concentrated).®!

The abrasion of material used in sugar cane and cit-
rus fields facilitated greater penetration of the diluted of
Supera SC (above of 69%) and of Nufos EC (above 64.1%
and 63% — diluted and concentrated) than did the mate-
rial washed in the laboratory (up to 13.8%). The highest
penetration (70.5%), by the diluted of Roundup Original
SL into garment material used in the sugar cane crop, only
occurred after 30 times, and it can be correlated to aggres-
sive wear together with friction due to walking across the
plant leaves.

Type of formulation.  After five uses and/or washing, the
diluted pesticides penetrated into the fabric more than the
undiluted formulations. This is due to the lower values
of tension and viscosity of the liquid formulations stud-
ied, which facilitated the pesticides’ penetration into the
material.[?! In this situation of five uses (field) and wash-
ing, the penetration of 83.7 and 74.6% (use in citrus or
sugar cane) of the Supera SC diluted was greater than that
of Nufos EC and Roundup Original SL*. The chlorpyrifos
a.i of the Nufos formulation has low water solubility, as
does the copper hydroxide of the Supera SC formulation,
but the penetration of their diluted into the material were
higher than that of Roundup Original, which has high sol-
ubility for glyphosate; this occurs due to the presence of
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surfactants and other inert agents that make the formula-
tion water soluble.

The higher penetration of the diluted Supera SC
into the material after five uses and washing cannot be
attributed to surface tension or viscosity because its values
are close to those of the other pesticides studied; a param-
eter that this increase of penetration could be attributed
the lipophilicity. The influence of non-polar substances
interferes in the mass transfer at surfaces such as skin and
polymeric materials, as noted in the study of Hubal et al.,
is such that the penetration of a lipophilic tracer is greater
than that of a hydrophilic tracer.[?? Using the ISO 22608,
Shaw and Abbi reported that the type of formulation
was significant for the penetration of cotton and cotton-
blended fabrics with synthetic fibers without washing, but
in this work the emulsifiable concentrated formulation
showed greater penetration than the other types of for-
mulations tested, such as water dispersible granules and
suspension concentrateds.

These data can be related to the factor of lipophilic-
ity, where the (octanol/water partition coefficient) Kow of
Nufos EC is 4.7 and that of Roundup Original SL is 7.94
1077, i.e., Nufos EC is almost 60,000 times more lipophilic
than Roundup Original SL.**! The copper hydroxide
(Supera SC) is in a suspension concentrated formula-
tion, which provides solid particles suspended in aque-
ous phase due to an anionic/nonionic dispersant-wetting
agent with surfactant and adjuvant viscosity.[2*!

Classification. The material was classified in accor-
dance with the ISO 27065 in the zero use or washing,
because the penetration of diluted and undiluted formu-
lations studied did not influence in the penetration of new
fabric as values were less than 5%. The penetration values
were slightly higher for the diluted than for the pure for-
mulations, but not significantly. After five uses and wash-
ings in the field, the clothing samples failed according to
ISO 27065, as penetration of the Nufos EC and Supera SC
diluted were higher than 5%. This failure also occurred
for material after 10 uses and washings tested with the
Nufos EC. After 20 uses and washes, the material used
in sugar cane was disqualified by the ISO test for the
Roundup Original SL diluted. Under these conditions it
is not recommended to use this material for protection
against these pesticides.

The ISO 27065 standard: required that all material and
seams of protective clothing be tested with a Prowl 3.3
pesticide—an emulsifiable concentrated or a replacement
formulation more used and easily available. In Brazil,
protective clothing for rural workers has been evaluated
according to ISO 22608 with diluted Roundup 5% and
classified by ISO 27065. 8] The results of this research

showed that the penetration of diluted Supera SC* (sus-
pension concentrated) into the garment after five field
uses and washes was higher than 5% and greater than
that of the two diluted formulations studied, i.e., there is
a need to evaluate various formulations to obtain a pro-
tective clothing certification before being marketed. How-
ever, the material tested with Roundup Original SL and
Supera SC can be mainly used in the preparation of pul-
verization liquid, which uses undiluted formulations.

This research revealed that use and washing effects
interfered in classification by ISO 27065, indicating that
protective clothing certifications should consider the use
and washing of clothing and not only the effect of
washing.

Seams of garments

Use and washing. The contamination of seams reached
penetration values between 40 and 50% after five uses and
washes. This interference also occurred for the undiluted
formulation of Nufos EC in the same situation of use, with
varying from 16.6-24.3% (Table 3). Aprea et al. reported
higher penetration of pesticides occurring in the presence
of seams in their overall evaluation of Tyvek material.!?!
Use of the garment in the field was not significant for the
penetration of the undiluted formulation of Supera SC or
Roundup Original SL through seams within each wash
cycle analysed, with values below 5% penetration. This is
due to the high viscosity of the Supera SC, which prevents
passage through the pores of the seams.

Penetration of diluted formulations of Nufos EC and
Supera SC into the seams of the garment reached values
as high as 61.4% and 53.2% during the use and washing
cycles, and all penetration values exceeded 5%. Increas-
ing numbers of uses and washings increased the average
penetration percentage for all conditions of use and for
every pesticide studied. Increasing numbers of uses and
washes increased the average percentage of penetration
for all conditions of use and for each contaminating pes-
ticide studied.

Type of formulation. The penetration values for the
diluted formulations of Nufos EC and Supera SC were
above 5% before any use or washing. The low values
of viscosity (2.3 and 1.8 cP) and surface tension (30.4
and 32.8 dyn cm™ 1), which were similar for the diluted
formulations, may have influenced penetration through
the needle holes of the seams. Penetration of the undi-
luted Supera SC and Roundup Original SL formulations
through the seams was below 5% for up to 30 uses and
washings. This could be explained by the high viscosities,
which hindered transport through the pore spaces of the
seams. The penetration of the undiluted formulations of
Supera SC and Roundup Original SL through seams was
less than 5% until 30 uses and washes, and these values can
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Table 3. Percentages of penetrations values of formulations of Roundup Original SL, Nufos EC, and Supera SC, in seam of garment.

Formulations

Roundup Original SL® Nufos EC Supera SC

Uses and Washes Conditions Diluted Undiluted Diluted Undiluted Diluted Undiluted Pvalue

0 Laboratory 16Ba 1.0Ba 10.0Aa 5.2Ba 6.3Aa 14Ba 0.02
Citrus 22Ca 06Ca MS5Aa 6.2Ba 6.8Ba 15Ca 0.03
Sugarcane 30Ca 1.8Ca 125Aa 5.8Ba 5.8Ba 15Ca 0.02
P value 0.45 0.56 0.78 0.54° 0.78 0.65

5 Laboratory 44.1Bb 15Da 33.7Bb 10.3Cc 43.5Aa 15Da 0.03
Citrus 40.2Ba 1.0Da 547Aa 16.6 Cb 42.4Ba 15Da 0.02
Sugarcane 50.7Ba 38Da 55.3Aa 24.3Ca 42.8Ba 17Da 0.02
P value 0.02 0.32 0.03 0.03 0.65 0.56

10 Laboratory 425Bc 19Da 46.5A b 14.8Cc 443Ba 13Da 0.01
Citrus 51.9Ab 44Da 548Aa 29.9Ch 455Ba 14Da 0.02
Sugarcane 57.2Aa 46Da 61.4Aa 327Ca 479Ba 16Da 0.01
P value 0.03 0.45 0.02 0.02 0.76 0.68

20 Laboratory 419Ac 22Ca 47.0Aa 16.9B ¢ 48.4Aa 23Ca 0.01
Citrus 54.4Ab 45Ca 59.1Aa 349Bb 503Aa 31Ca 0.02
Sugarcane 577Aa 51Ca 60.8 Aa 38.8Ba 50.6 Aa 35Ca 0.02
P value 0.02 0.43 0.03 0.02 0.34 0.23

30 Laboratory 50.7Ab 32Ca 544Aa 15.7Bb 495Aa 1.6Ca 0.01
Citrus 747 A a 48Ca 573Ba 347Ca 53.2Ba 1.8Ca 0.03
Sugarcane 72.0Aa 43Ca 58.9Ba 385Ca 52.5Ba 1.8Ca 0.02
P value 0.01 0.56 0.32 0.02 0.21

Note. Averages followed by same letter do not differ by Scott—Knott at 5% probability, lowercase letter, compared with the corresponding column for each condition,
and capital letter, compared in the line corresponding type of formulations (diluted or undiluted) of pesticides, do not differ by Scott-Knott at 5% probability.

Bold percentages penetrations above 5% - failed by ISO 27065.

be related to its high viscosity, which prevents its passage
between the pore spaces of the seams. However, under the
same conditions, the diluted Roundup Original SL formu-
lation showed the highest penetration values (>70%).

The penetration of a pesticide through a seam is due
to the presence of needle puncture holes, and depends
on the physical-chemical characteristics of the formula-
tion or the active ingredient. This was studied by Dimit
et al.?*) using two pesticides (dicofol (42% a.i.) and
etridiazole (25% a.i.)), with the emulsifiable concentrateds
being diluted with water to 12% solutions. The two pes-
ticides were applied to different types of material, includ-
ing denim, and the greatest penetration was shown by the
etridiazole formulation.?4]

Classification. The penetration values for the seams
were higher than of the material without use or washing,
failing to meet the ISO 27065 for the diluted and concen-
trated formulations of Nufos EC and the diluted Supera
SC formulation. According to the ISO testing of the efhi-
ciency of material and seams, this should not be mar-
keted for use with these pesticides. The seams of the gar-
ment without use and washing were classified according
to ISO 27065 because the penetration is less than 5% for
the concentrated formulations of Roundup Original SL
and Supera SC following 30 uses and washings. This also
occurred for the classification of the material of the gar-
ment, i.e., this formulation of these pesticides can make
contact with the clothing and not contaminate the worker.

Correlation between penetration of the material and
seams of the garment. There was a significant positive
correlation between the number of washings and pene-
tration of the diluted and concentrated formulations of
Roundup Original SL, Nufos EC, and Supera SC into the
material of the protective garment (Table 4). In other
words, a greater number of uses and/or washings were
associated with increased penetration of these formula-
tions into the material and seams of the protective cloth-
ing. Repellency was negatively correlated with the num-
ber of uses and/or washings. The different formulations
showed different degrees of penetration of the pesticides
into the material and seam, according to the number of
uses and washings (as well as the ISO classification). There

Table 4. Pearson’s correlation coefficient among the percentage of
penetration in the material and seams of garment and the param-
eters for the pesticide spray washes, body parts garment and use
conditions.

Penetration

Variables Material Seam

Washing 0.39 0.27
pH 0.05 0.00
Superficial tension —0.44 —0.52
Viscosity —0.26 —0.47
conductivity -0.41 —0.40
Formulations 0.27 —0.02
Concentrations —0.28 -0.70
Conditions 0.31 0.01

Body 0.32 0.01

Note. ?Bold number is correlation significant (p > 0.05).
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Figure 4. Percentage of retention of formulations Roundup Original SL, Nufos EC, Supera SC, in the material (a), and seam (c). Percentage
of retention of diluted formulations Roundup Original SL, Nufos EC, Supera SC in the material (b), and seam (d), to each situation of use

and washes.

was a significant correlation between penetration and for-
mulation type (Table 4). Tests of the efficiency of protec-
tive materials must consider the type of formulation to be
used. The pH of a pesticide formulation has no significant
relationship to its penetration into the material and seams
of protective garments. The characteristics (surface ten-
sion, viscosity, conductivity) of the diluted and concen-
trated formulations were negatively correlated with pen-
etration into the material and seams (in other words, the
higher the values of these variables, the lower the pene-
tration). A negative correlation of superficial tension with
the penetration of pesticides was also reported by Lee and
Obendorf.!?!! The conductivity of the pesticide formu-
lations is associated with ionic charge (positive or nega-
tive) present in surfactants they contain, and this charge’s
interaction with cotton fabric can increase liquid pene-
tration into fabric. Cotton fabrics are negatively charged
due to their carboxyl groups.?*! The type of formulation

can influence the penetration of pesticides. The presence
of the adjuvants in the formulation, especially the organic
solvents which may decrease the interfacial tension and
increase the drop cloth spread ability and wettability.!2°!
The formulation concentration (diluted or concentrated)
was negatively associated with the penetration of the
pesticides through the seam and was strongly nega-
tively associated with penetration through the material
(indicating that the clothing provided better protection
of the worker against the undiluted formulations). The
greater penetration of the diluted formulations through
the material and seam could be explained by their lower
viscosities.

The conditions in which the clothing and formulations
were used (in the field or in the laboratory) had a signif-
icant effect on the degree of penetration of the material.
The data (Table 2) showed that the lowest pesticide pene-
trations were obtained for the material that was washed in
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Figure 5. Percentage of repellency of formulations Roundup Original SL, Nufos EC, Supera SC, in the material (a), and seams (c). Percentage
of repellency of diluted formulations Roundup Original SL, Nufos EC, Supera SC in the material (b), and seams (d) to each situation of use

and washes.

the laboratory; use of the protective clothing in the field,
followed by washings, resulted in greater opening of the
pores of the material.

The analysis of the seam and material from different
parts of the body has been associated with the penetration
due to the abrasion and use in the field, mainly by using
the clothing in cane sugar fields, in which the variation
between the body parts have been around 25-34%. The
greater range of dermal exposure of herbicide applicators
in the field for different body parts, resulting in higher
CV%, was caused by the inner dosimeter.!”]

Retention in the material and seam

The percentage retention of pesticide formulations in the
garment varied of according to the degree of dilution of
the formulation, the conditions of use and washing of the
garments and the presence of seams (Figure 4). There was
greater retention of the diluted formulations, compared
to the concentrated products, which could be explained

by the lower viscosity following dilution and consequently
increased uptake by the fibers of the fabric. This would
likely be the case for clothing in real situations where the
pesticides are used.

The percentage retention values were higher for the
seam than for the material, for both the concentrated for-
mulations (Figures 4a and 4c) and the diluted formula-
tions (Figures 4b and 4d).

Among the concentrated formulations, the Nufos EC
pesticide showed greatest retention in the material after 30
washes in the laboratory, and 95% retention in the seam
of the clothing prior to any washing, with values decreas-
ing during the course of the washings (Figure 4a). The
fact that the highest retention values were obtained for
undiluted Nufos EC was not related to viscosity; a possible
explanation could have been the acidic pH of the formu-
lation, which was likely to have caused degradation of the
fabric.

The retention of the concentrated Nufos formula-
tion in the seams increased from 83-94.75% for clothes
washed in the laboratory while when the clothes were
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used in sugarcane plantations, there was a drastic increase
from 60.5-91.2%.

The greatest retention of diluted pesticide in the seam
of the garment was found for Roundup Original SL, with
an increase from 12% to 67%. In contrast, the retention of
Nufos EC in the seams of clothing used in the sugarcane
plantations decreased from 67% to 39%. In these cases,
the penetration was influenced by the interactions of the
different pesticide molecules with the fabric fibers.

Shaw and Abbi related retention of diluted atrazine
(0.23% active ingredient) of 11.6%, in fabric of cot-
ton/polyester for pippet method with cotton fabric (277
g/m?) with fluorochemichal finish. 4

Repellency in the material and seams

The percentage repellence obtained with the different pes-
ticide formulations varied according to dilution, condi-
tions of use of the garments, and the presence of seams
(Figure 5). The percentage repellence values obtained
using the concentrated formulations (Figures 5a and 5c)
were higher for the material than for the seam, with the
exception of Roundup Original SL, for which the values
were similar. In the case of the diluted Supera SC formula-
tion, the percentage repellence values were similar for the
material and the seam. However, for the other dilute for-
mulations, the repellency of the material was higher than
that of the seam (Figures 5b and 5d).

Water-oil  repellent  material finished  with
polyurethane and Sontara tested after wash showed
effect sharply decreased in first cleaning, due to removal
of lamella in water-oil repellent finished clothing mate-
rial, as well as increasing the number of pores of finished
after wash, causing reduction of oil-repellency.!?®! Greater
repellency of the material, relative to the seams of the
garment, was obtained for the concentrated formu-
lations than for the diluted formulations. This could
be attributed to the needle holes, which increased the
porosity of the seam, relative to the material. Decreased
viscosity of the diluted formulations also led to reduced
repellency during the course of the uses and washings.
Various types of fabrics with different constitutions, such
as polyester, cotton, and polyamide, were washed several
times according to the ISO 6330 standard, resulting in
alteration of characteristics such as weight, thickness, and
the warp/wale direction of the fibers of the fabric.!”) These
alterations explained the changes in the repellency of the
material and seam of the clothing under the different
conditions of use and washing. The repellency of material
and seams for pesticides was above 80% for Roundup
Original SL, exception for the clothes used in sugarcane
after 10 washes when contamined with diluted formu-
lation, and to other pesticides and other use situation,
there was decrease in repellency below 10%. The ISO

16602 requires that the repellency of the materials and
seams of protective sets chemicals are classified into three
classes: Class 1: repellency> 80%; Class 2: Repellency>
90%; Class 3: Repellency> 95%. Thus, the percentage
repellence lower than 80% are failed.!”!

Conclusions

The presence of seams in protective clothing reduced its
efficiency in the control of dermal exposure, except when
protecting against the undiluted formulation of Supera
SC. The dilution of formulations increases penetration
into the material and seams of clothing.

The highest penetration of contaminated seams was by
Nufos EC (diluted and undiluted), followed by the diluted
formulations of Supera SC and Roundup Original SL°.
The highest penetration of the protective material was
into that used in the field and contaminated with Supera
SC diluted formulation followed by Nufos EC® diluted for-
mulation and Nufos EC undiluted formulation.

The effects of usage plus washing of protective clothing
increased the penetration of pesticides into the material
and seams in relation to clothing that was only washed
in the laboratory. This affects the classification proposed
by ISO 27065, i.e., efficiency tests of protective clothing
conducted before it is marketed should consider the use
factor.

The strongest correlations between physicochemical
parameters of diluted or undiluted formulations of pes-
ticides and penetration into the material were those of
tension and conductivity; for seams, they were the con-
centration, tension, and viscosity of the pesticide. Effi-
ciency tests of protective clothing are needed to deter-
mine what types of formulations can be used to protect the
worker. This research studied diluted formulations with
5% active ingredient according to the proposal of ISO
27065, it would be necessary to study real dilutions that
are applied in the field.
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