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Abstract The aim of this study was to estimate the per-
formance of different work clothing types for reducing skin
exposure to five pesticides (azinphos-methyl, terbutylazine,
alachlor, dimethoate, and dicamba) in field distribution by
tractor equipped with boom sprayer. Performance was
assessed by measuring the penetration factors of different
types of work clothing. The results show that the protection
offered by personal protective equipment (PPE) was always
>97%, whereas the performance of cotton garments ran-
ged from 84.1% to 92.5%. The different cotton garments
differed significantly in their permeability, and the upper
part of the body was the anatomical region showing the
greatest values of the penetration factors. These results
confirm the necessity of using PPE properly to minimise
dermal exposure to pesticides.

Keywords Clothing penetration factor -
Dermal exposure - Pesticide - Agricultural worker

Occupational exposure to pesticides is a major risk of
agricultural activities because of the potential adverse
effects on workers’ health. In fact, a large amount of
research confirms that the use of pesticides is associated
with several acute and chronic diseases, such as rashes,
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skin, eye, and respiratory illnesses, as well as the devel-
opment of some cancers (Blair et al. 2005).

There are three major pathways by which these chemi-
cals enter the body: inhalation, oral uptake, and dermal
absorption. It is well established that skin absorption is the
most common route of exposure for pesticides under typ-
ical working conditions in an agricultural field (Garrod
et al. 1998; Machera et al. 2003); consequently, protection
afforded by garments or Personal Protective Equipment
(PPE) must be considered essential for minimising the
dermal exposure of pesticide handlers.

The general aim of this study was to estimate the per-
formance of different work clothing types in reducing
pesticide exposure during complete pesticide treatment —
involving the mixing, loading, and application of the
chemical — in an actual field scenario. For this purpose, the
study measured the penetration factor (PF) of the clothing
worn by operators. PF can be defined as the fraction of
pesticide that crosses the clothing barrier and is available to
contact the skin (Driver et al. 2007). It is calculated using
dermal exposure monitoring data collected from a group of
field pesticide handlers.

The specific objective in the study was to assess clothing
PF for each part of the body and estimate variation in
dermal exposure for different anatomical regions of mon-
itored workers.

Materials and Methods

Field dermal exposure data was collected during 10 com-
plete pesticide treatments, which consisted of the mixing,
loading, and application by tractor of pesticides in fields in
central Italy. Selected operators were identified using
numbers from 1 to 10. These operators carried out field
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distribution by tractors equipped with trailer-mounted
spray tanks with booms at the rear.

The period of study was from May to June 2005, and the
pesticides used were Azin PB 30 (azinphos-methyl), Lasso
Micromix (terbutylazine and alachlor), Rogor (dimetho-
ate), and Sivel 21S (dicamba). In cases when two different
active ingredients were used in a single formulation (Lasso
Micromix; operators 1, 6, 7, and 10), dermal exposure
levels were evaluated for each of the ingredients.

Table 1 reports details of exposure conditions for all
treatments monitored, including active ingredients, culti-
vation, work period, weather conditions, and PPE or cotton
garments worn by monitored operators. In this study, the
PPE used by the workers consisted of Tyvek coveralls,
helmets, gloves, and rubber boots. During the work shift,
operators wore prewashed cotton garments or new Tyvek

Table 1 Details of exposure conditions for each pesticide treatment

coveralls and gloves in order to avoid skin and garment
contamination due to carry-over from previous work days.

Dermal exposure data were obtained using the pads
technique. Two sets of 10 x 10 cm pads of o-cellulose
were used. The first set of “external” pads was attached to
the PPE/garments of each operator at various locations on
the body, as indicated in Table 2. The locations were those
recommended in the OECD protocol (OECD 1997),
adapted to the specific situation of this study: when any
selected anatomical region was not covered by garments,
only one pad was placed directly on the skin. The “inter-
nal” pads were located in the same positions as the external
ones, but were not covered by them.

All pads were removed at the end of the work shift, and
the amount of residue on each pad was determined using
previously described analytical methods (Vitali et al. 2009).

Operator Active Total active Cultivation Work  Air Relative Wind speed®  PPE/garment”
ingredient(s) ingredient period temperature® humidity® (%) (Km/h)
distributed (g) (min) (°C)
1 Terbuthylazine 8,640 Maize 195 27 52 1.8 Short-sleeved
Alachlor 20,160 cotton shirt
Long trousers
Rubber boots
2 Azinphos- 300 Sugar beet 133 27 41 4.0 Complete PPE set
methyl
3 Dicamba 3,600 Maize 128 25 50 2.3 Long-sleeved
cotton shirt
Long trousers
Rubber boots
4 Dimethoate 810 Sugar beet 87 28 52 2.1 Complete PPE set
5 Azinphos- 200 Sugar beet 115 26 49 1.4 Complete PPE set
methyl
6 Terbuthylazine 5,760 Maize 147 29 51 2.4 Long-sleeved
Alachlor 13,440 cotton shirt
Long trousers
Rubber boots
7 Terbuthylazine 10,080 Maize 220 26 54 1.8 Long-sleeved
Alachlor 23,520 cotton shirt
Long trousers
Rubber boots
8 Azinphos- 200 Sugar beet 124 27 46 2.3 Long-sleeved
methyl cotton shirt
Short trousers
Gym shoes
9 Dimethoate 1,620 Sugar beet 139 25 48 1.7 Complete PPE set
10 Terbuthylazine 7,200 Maize 186 28 51 1.2 Long-sleeved
Alachlor 16,800 cotton shirt

Long trousers
Rubber boots

* Mean of single work shift

 Complete PPE set: Full face mask with type A2P3 filter, Tyvek suit with hood, gloves, rubber boots
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Prior to the analysis of samples, were conducted several
blank tests and recovery experiments on spiked pads. Data
obtained showed values below limits of detection for
all blank tests, and good recoveries, ranging from 93.2%
to 100.7%. Detection limits for analytes were: azin-
phos-methyl 0.05 ng/cm?, terbutylazine 0.05 ng/cm?, ala-
chlor 0.04 ng/cm?, dimethoate 0.3 ng/cm?® and dicamba
0.3 ng/cm?.

External and internal pad residues were used to evaluate
Potential Dermal Exposure (PDE) and Actual Dermal
Exposure (ADE), respectively. PDE is defined as the total
amount of pesticide in contact with the body surface of
workers, including protective clothing, work clothing, and
uncovered skin; ADE, in contrast, is the amount of pesti-
cide in contact with uncovered skin, and therefore the
fraction that passed through protective and work clothing
and that poses a risk of being percutaneously absorbed
(OECD 1997).

PDE and ADE were calculated by multiplying the res-
idues of pesticide recovered from each pad by the corre-
sponding surface areas (Table 2).

The resulting data were used to calculate the percentage
of PF for each anatomical region as follows:

ADE
PF anatomical region (%) =

A% 100
ADE + PDE

If any selected anatomic region was not covered by
clothing, only one pad was placed directly on the skin and
the residue found in the pad was used to calculate ADE. In
these cases, PF values were not calculated.

Results and Discussion

Table 2 shows the results of PDE and ADE for each ana-
tomical region of all monitored operators.

Table 3 presents the percentage of clothing PF for each
part of the body of all operators and some descriptive
statistical data about the protection offered by various types
of PPE/garments.

PF values of operators that worked with a complete set
of PPE (full face mask, Tyvek coverall, rubber boots, and
gloves) ranged from 0.0% to 2.1%. Negligible values
(operator 2 and 5) indicate complete body protection from
pesticide dermal exposure; in these cases, PPE functioned
as a complete barrier to pesticide penetration. Operators 4
and 9 also wore PPE, but the protection was not complete
in these cases: mean values of PF were 0.9% and 2.1%,
respectively. Penetration through the Tyvek coverall could
be explained by improper utilization (incomplete closure of
the coverall, rolling up of the sleeves) or penetration of
pesticide through seams and zips (Aprea et al. 2004).

Operators 1, 3, 6-8, and 10 carried out their work
wearing their usual work clothing: a long- or short-sleeved
cotton shirt, long or short trousers, and rubber boots or gym
shoes. Mean values of PF for these workers ranged from
7.5% to 24.0%.

Regarding cotton garments, pesticide characteristics
seem to be insignificant in determining PF; operators 1, 6, 7
and 10 used a product based on two different active
ingredients (Terbuthylazine and Alachlor) and relative PF
was very similar: 16.0%-15.2% for operator 1, 13.1%-

Table 3 Penetration factor for each anatomical region and performance of garment data for all operators

No. Active ingredient(s) Penetration factor (%) Mean
Head Neck  Chest Back  Upper arms  Forearms Upper legs Lower leg Feet
1 Terbuthylazine - - 15.6 214 20.0 - 14.5 5.7 2.0 13.2
Alachlor - - 14.9 19.0 20.0 - 13.0 8.3 4.8 13.3
2 Azinphos-methyl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3 Dicamba - - 29.2 27.0 28.9 26.2 254 16.7 145 240
4 Dimethoate 0.0 0.2 2.8 1.0 1.5 24 0.5 0.0 0.0 0.9
5 Azinphos-methyl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 Terbuthylazine - - 15.6 11.1 16.7 23.5 8.3 29 0.0 11.2
Alachlor - - 15.6 14.3 11.8 20.0 12.3 4.8 2.0 11.5
7 Terbuthylazine - - 18.0 21.1 18.8 20.6 15.3 9.1 2.0 15.0
Alachlor - - 17.7 20.7 19.6 22.3 14.5 6.5 1.0 14.6
Azinphos-methyl - - 12.5 12.5 9.1 12.5 10.7 0.0 2.9 7.5
Dimethoate 0.0 0.1 3.1 3.0 29 4.8 29 1.5 0.2 2.1
10 Terbuthylazine - - 18.8 26.8 20.8 23.3 16.7 4.8 0.0 15.9
Alachlor - - 16.5 28.6 20.6 143 13.0 4.8 0.0 14.0
Mean - <0.1 12.9 14.8 13.6 14.2 10.5 4.7 2.1 11.9
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13.9% for operator 6, 17.4%—17.7% for operator 7 and
20.2%—-18.8% for operator 10.

PF values obtained for protective coveralls differ sig-
nificantly from default data available from various statis-
tical models designed to predict exposure to pesticides,
such as the German Model (2.5%), UK POEM (14.5%),
EUROPOEM (30%), and PHED (50%) (EUROPOEM I
1996; Tiramani et al. 2007). Except for the German Model,
all models indicate PF values 10-30 times higher than in
our study. However, these predictive models were devel-
oped at least 10 years ago, and progress in the design and
manufacture of protective coveralls may have led to a large
reduction in PF.

The PF values of the different cotton garments varied
significantly for all operators, probably due to differences
in pesticide handling methods and the characteristics of the
work clothing. For these operators, the anatomical region
that showed higher PF values was the upper part of the
body (chest, back, and arms): the mean PF of the upper
body was 18.7%, while the mean PF of the lower body was
8.1%. Similar data were obtained in other studies (Aprea
et al. 2004; Machera et al. 2003). Upper body areas pre-
sumably showed higher PF levels due to differences
between shirts and trousers. Typically, shirt fabrics are
thinner than those of trousers. In addition, whereas trousers
are closed at the extremities by boots, shirts have open ends
at the neck and sleeves.

Our results highlight the necessity of using PPE to
minimise dermal exposure to pesticides during agricultural
activities. Furthermore, PPE can provide protection only
when used appropriately.

References

Aprea C, Terenzoni B, De Angelis V, Sciarra G, Lunghini L,
Borzacchi G, Vasconi D, Fani D, Quercia A, Salvan A, Settimi L

(2004) Evaluation of skin and respiratory doses and urinary
excretion of alkylphosphates in workers exposed to dimethoate
during treatment of olive trees. Arch Environ Contam Toxicol
48:127-134. doi:10.1007/s00244-004-0073-5

Blair A, Sandler D, Thomas K, Hoppin JA, Kamel F, Coble J, Lee
W1, Rusiecki J, Knott C, Dosemeci M, Lynch CF, Lubin J,
Alavanja M (2005) Disease and injury among participants in the
Agricultural Health Study. J Agric Saf Health 11:141-150

Driver J, Ross J, Mihlan G, Lunchick C, Landenberger B (2007)
Derivation of single layer clothing penetration factors from the
pesticide handlers exposure database. Regul Toxicol Pharmacol
49:125-137. doi:10.1016/j.yrtph.2007.06.007

EUROPOEM 1 (1996) The development, maintenance and dissem-
ination of a European Predictive Operator Exposure Model
(EUROPOEM) database. A EUROPOEM 1 database and
harmonised model. AIR3 CT93-1370. TNO-BIBRA Interna-
tional, Carshalton

Garrod AN, Rimmer DA, Robertshaw L, Jones T (1998) Occupational
exposure through spraying remedial pesticides. Ann Occup Hyg
42:159-165

Machera K, Goumenou M, Kapetanakis E, Kalamarakis A, Glass CR
(2003) Determination of potential dermal and inhalation operator
exposure to malathion in greenhouses with the whole body
dosimetry method. Ann Occup Hyg 47:61-70. doi:10.1093/
annhyg/mef097

OECD (1997) Guidance document for the conduct of studies of
occupational exposure to pesticides during agricultural applica-
tion. OECD Guidelines for the testing of chemicals. Organisation
for Economic Co-operation and Development, Paris

Tiramani M, Colosio C, Colombi A (2007) The impact of personal
protective equipment in reducing risk for operators exposed to
pesticides: from theory to practice. G Ital Med Lav Ergon
29(Suppl 3):376-379

Vitali M, Protano C, Del Monte A, Ensabella F, Guidotti M (2009)
Operative modalities and exposure to pesticides during open
field treatments among a group of agricultural subcontractors.
Arch Environ Contam Toxicol 11 (inpress)

@ Springer


http://dx.doi.org/10.1007/s00244-004-0073-5
http://dx.doi.org/10.1016/j.yrtph.2007.06.007
http://dx.doi.org/10.1093/annhyg/mef097
http://dx.doi.org/10.1093/annhyg/mef097

	Performance of Different Work Clothing Types for Reducing Skin Exposure to Pesticides During Open Field Treatment
	Abstract
	Materials and Methods
	Results and Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


