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Abstract

The purpose of the present review was to analyze contemporary data on the standards and test methods of pesticide
personal protective equipment (PPE). We have reviewed national and international articles, private reserve regulations
and standards such as ISO, KS, ASTM, etc. Studies on human thermal physiological responses while wearing the
PPE were mainly found in domestic academic perspectives, whereas general interests in respirator, protective gloves,
goggles, and clothing as well as interests in pesticide exposure assessment were mainly found abroad. In Korea, regulations
and evaluation rules of PPE for pesticide control were found, but mainly washing evaluation focusing on the properties
of textiles were found. Very few test methods on human trial tests of pesticide PPE were found in both domestic
and overseas studies.
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(Table 1) Guidelines and test methods in Korea on personal protective equipment (PPE)

Year Official Notification, Guideline & Standard Organization
1987  [Notification of MAFF No. 87-7] Standards for Pesticide Protective Clothing and Improved Mask MAFF"
2004  [Notification of MOL No. 2004-49] Test Methods for the Performance of PPE Mor?
2008  [Notification of MOL No. 2008-77] PPE Safety Mandatory Certification MOL
2009  [Notification of MOL No. 2009-38] PPE Safety Mandatory Certification MOL
2012 [Notification of MOEL No. 2012-83] PPE Safety Mandatory Certification MOEL?
2014  [Notification of MOEL No. 2014-46] PPE Safety Certification MOEL
[Notification of RDA No. 2013-21] Registration Standards of Pesticides and Technical
2013 Concentrates - Monitoring of Agricultural Worker Exposure to Pesticides RDA"
(pp192-195)
2014 [Notification of MOE No. 2014- 259] Regulation of Wearing PPE for Hazardous Chemical MOE?
Handlers
2011  [KOSHA GUIDE H-42-2011] Guide for Use of PPE for Skin - Protective Gloves KOSHA?
2011  [KOSHA GUIDE G-25-2011] Safety Guide for Selection and Maintenance PPE for Eyes KOSHA
2012  [KOSHA GUIDE H-82-2012] Guide for Use of Respiratory Protective Equipment (RPE) KOSHA
2012  [KOSHA GUIDE W-19-2012] Technical Guide for Pesticide Applicator Safety and Health KOSHA
2013  [KOSHA GUIDE G-12-2013] Technical Guide for Use and Maintenance PPE KOSHA
2007 [KS K ISO 13982-2] Protective Clothing for Use against Solid Particulates -- Part 2: Test Method KATS”
of Determination of Inward Leakage of Aerosols of Fine Particles into Suits
2010 [KS K ISO 16602] Protective Clothing for Protection against Chemicals -- Classification, KATS
Labelling and Performance Requirements
[KS K ISO 13994] Clothing for Protection against Liquid Chemicals -- Determination of the
2011 Resistance of Protective Clothing Materials to Penetration by Liquids under KATS
Pressure
[KS K ISO 17491-3] Protective Clothing -- Test Methods for Clothing Providing Protection
2011 against Chemicals -- Part 3: Determination of Resistance to Penetration by a KATS
Jet of Liquid (Jet Test)
[KS K ISO 17491-4] Protective Clothing -- Test Methods for Clothing Providing Protection
2011 against Chemicals -- Part 4: Determination of Resistance to Penetration by a KATS
Spray of Liquid (Spray Test)
[KS K ISO 6529] Protective Clothing -- Protection against Chemicals -- Determination of
2011 Resistance of Protective Clothing Materials to Permeation by Liquids and KATS
Gases
2011 [KS K ISO 6530] Protective Clothing -~ Protection against Liquid Chemicals -- Test Method for KATS
Resistance of Materials to Penetration by Liquids
[KS K ISO 22608] Protective Clothing -- Protection against Liquid Chemicals -- Measurement
2012 of Repellency, Retention, and Penetration of Liquid Pesticide Formulations KATS
through Protective Clothing Materials
2014  [KS K 0732] Test Method for the Determination of Pesticides in Textiles KATS
[KS K ISO 17491-5] Protective Clothing -- Test Methods for Clothing Providing Protection
2014 against Chemicals -- Part 5: Determination of Resistance to Penetration by a KATS

Spray of Liquid (Manikin Spray Test)

1) MAFF: Ministry of Agriculture, Forestry, and Fisheries, 2) MOL: Ministry of Labor

3) MOEL: Ministry of Employment and Labor, 4) RDA: Rural Development Adminstration

5) MOE: Ministry of Environment, 6) KOSHA: Korea Occupational Safety and Health Agency
7) KATS: Korean Agency for Technology and Standards

- 189 -



6 sizmsnsis|x| ®25H 25 2016

(Table 2) Classification of chemical protective clothing from notification of test methods for the performance of

PPE
Type Subtype Definition
Liquid-Tight-
Protection Liquid protective materials, seam and closures of PPE
Full Protective (Type 3)
Suit Spray-Tight-
Protection Spray protective materials, seam and closures of PPE
(Type 4)
Liquid Protective PPE which covers partial body parts from the whole body.
Partial (Type 3) Liquid protective materials, seam and closures of PPE
Protective Suit  Spray-Tight-Protection ~ PPE which covers partial body parts from the whole body.
(Type 4) Spray protective materials, seam and closures of PPE

(Table 3) Classification of chemical protective clothing from notification of PPE safety certification

Type Definition
“Gas-tight" chemical protective suit with a breathable air supply, Independent of the ambient
la atmosphere, e.g. a self-Contained, open-Circuit, compressed-air breathing apparatus, worn inside the
chemical protective suit
la(ET) Type 1a-ET: for emergency teams
Type 1 b “Gas-tight" chemical protective suit with an independent breathable air supply, e.g. a self-contained,
open-circuit, compressed-air breathing apparatus, worn outside the chemical protective suit
1b(ET) Type 1b-ET: for emergency teams
le “Gas-tight" chemical protective suit with an external source of breathable air providing positive pressure
inside the suit
Type 2 “Non—gas.—tig.ht" chemi.cal protective suit with an external source of breathable air providing positive
pressure inside the suit
Type 3 “Liquid-tight" chemical protective clothing
Type 4 “Spray-tight" chemical protective clothing
Type 5 Chemical protective clothing providing protection against airborne solid chemicals
Type 6 Chemical protective clothing with “limited protective performance against light spray and splashes of

liquid chemicals”

* Type 1, 2: Full protective suits integrated with safety gloves and boots

* Type 3, 4, 6: Partial protective garments allowed
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(Table 4) Physical activity-related content excerpted from test methods for protective clothing in notification of

PPE safety certification

Test Type Description
Follow separate Table 4-2 No.5 or separate Table 6-2 No.l. The Exercise Procedure is as follows.
A. Walking on the treadmill at 6 km/h (3 min)
B. Moving arms up and down above head and down looking upward, e. g. lifting object (half brick) from
1,2 desktop shelf level repeatedly after stopping the treadmill (3 min)
C. Continuous squatting (3 min)
D. Using gas sampling lines (3 min)
E. Twisting the waist side to side with both arms on the chest (3 min)
A. Prior to entering the test chamber the test subject is asked to repeat the following sequence of movements
3 times.
1) Kneeling on both knees, lean forward and place both hands on the floor 45+5 cm in front of the knees.
Crawl forward on hands and knees over a distance of 3 m and crawl backwards again over the same
distance.
Inward 2) Standing with feet shoulder width apart, arms at side. Raise arms until they are parallel to the floor
Leakage . .
in front of the body. Squat down as far as possible.
Test 3) Kneeling on right knee, place left foot on floor with left knee bent 90+10°, left arm hanging loosely
at side. Raise left arm fully overhead.
5 B. The temperature and RH within the test chamber was maintained at 20+5°C and under 60%.

C. Throughout the process 3 measurement:
of the suit on 3 sites.
1) Standing still (9 min)
2) Walking at 5 knvh (9 min)
3) Standing still (3 min)
4) Continuous squatting at a frequency

s are taken on the concentration of particulates inside and outside

of five squats per minute, between standing up straight and knees

completely bent, while keeping both hands during all squats on a grip at a height of 1 m (£0.05 m)

above the standing surface (9 min)

D. At least 5 test subjects are involved,

each testing 2 suits. So at least 10 suits are tested.
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Test Type Description

The test shall be carried out by two test subjects at temperature of (20+5)°C, relative humidity of less
than 60%; ambient noise level of 75 dBA or lower. Test Procedure: The test subject must complete the
following steps within 30 min.
1) Each test subject is asked "Does the suit fit?"
2) During this test the following activities shall be done.
(a) Walking on a flat surface at a constant speed of 6 kmvhr for 5 min
(b) Climbing up and down a ladder (total vertical distance 20 m).
(c) Filling a small basket (approximate volume 8€) with 12 mm limestone chippings from a hopper
which stands 1.5 m high and has an opening at the bottom to allow the contents to be shoveled

Practical out and a further opening at the top where the chippings may be returned. The person stoops
Performance 1, 2 or kneels as he wishes and fills the basket with chippings. He then lifts the basket and empties
Test the contents back into the hopper. This shall be repeated 15 to 20 times in 10 min.

3) During the practical performance test the clothing shall be subjectively assessed by the wearer and
the following shall be recorded:
a) protective suit / harmess comfort
b) security of fastening and couplings
¢) accessibility of controls and pressure gauge (if fitted)
d) clarity and field of vision from the face piece and/or visor
e) clothing comfort
f) ease of speech transmission

g) any other comments volunteered by the wearer

The test shall comprise of three repetitions, at moderate speed, of the sequence of seven movements
described below before performance testing of whole-garment
1) Movement 1: kneel on both knees, lean forward and place both hands on the floor (45 + 5) cm
in front of the knees; crawl forwards and backwards on hands and knees for a distance of 3 m in
each direction
2) Movement 2: climb a vertical ladder at least four steps, with rungs as encountered on a typical ladder
3) Movement 3: position hands at chest level, palms out; reach directly overhead, interlock thumbs,
extend arms fully upwards
3,46 4) Movement 4: kneel on right knee, place left foot on floor with left knee bent (90 + 10)° and touch
thumb of right hand to toe of left shoe; repeat movement with alternative posture, i.e. by kneeling
on left knee and placing right foot on the floor with knee bent at 90°
5) Movement 5: extend arms fully in front of body, lock thumbs together, twist upper body (90 + 10)°
left and right

6) Movement 6: stand with feet shoulder width apart, arms at side; raise arms until they are parallel

Preliminary
Test

to the floor in front of the body; squat down as far as possible
7) Movement 7: kneel as in movement 4, with left arm hanging loosely at side, and raise arm fully

overhead; repeat movement with alternative posture by alternating arms
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(Table 5) Methods for assessment of pesticides operator dermal exposure, clothing penetration rate and dermal

absorption rate of pesticides

Item

Description

Patches to be used for estimating whole body dermal exposure except the face, hands and
feet to sprays are to be constructed from o-cellulose, surgical gauze or a similar material,

approximately 1 mm thick. Patches smaller that 50 cm’
According to the exposure situation, patches should be securely attached using safety pins
and tape on all regions of the body; head, front of neck, back of neck, chest (stomach),
forearms,

Dermal
Patch

back, upper arms,

are generally inadequate.

upper legs, lower legs(total 10-12 patches). If the

determination of actual penetration of work clothing is desired in the field study, additional

Passive

pads can be attached under the worker’s outer garments.

Dosimetry
Methods for
Assessment of

Gloves provide a technique for monitoring dermal hand exposure. Subjects should place
the gloves into storage containers after turning gloves inside out from both hands, then

Gl . . . .
Dermal OV \ash hands For more than 2 min and the rinse solution should be taken and placed in
Exposure another container.
Socks provide a technique for monitoring dermal feet exposure. Subjects should place the
Sock socks into storage containers after turning socks inside out from both foot, then wash foot
For more than 2 min and the rinse solution should be taken and placed in another
container.
Mask Masks provide a technique for monitoring dermal face exposure. Masks should be folded,
exposed sides facing, and then placed into storage containers.
Clothing SS Hands 10%, trunk 2%, legs 5%
Penetration
Rate PS Hands 10%, trunk 5%, legs 5%
Dermal Solid During mixing & loading 1%, during spray application 10%
Absorption
Rate Liquid  During mixing & loading 15, during spray application 10%

Dermal Exposure
Distribution

Hands, feet 100%, other body parts 75%

* SS: Speed Sprayer, PS: Power Sprayer.
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(Table 6) Handler personal protective equipment for worker protection standard products of US EPA

Toxicity Category by Route of Exposure of End-Use Product

Route of

Exposure I
DANGER

II

WARNING

III
CAUTION

v
CAUTION

Coveralls worn over
long-sleeved shirt and

Coveralls worn over
short-sleeved shirt and

Long-sleeved shirt and Long-sleeved shirt and
long pants long pants

long pants short pants
Dermal Toxicit;
Y Socks Socks Socks Socks
or Skin Irritation
Chemical-resistant Chemical-resistant
. 1)
Potential footwear footwear Shoes Shoes
Waterproof or Waterproof or Waterproof or ‘
chemical-resistant chemical-resistant chemical-registant No minimum®
gloves gloves gloves
Inhalat}on Respiratory protectlon Respiratory protectlon No minimum?® No minimum?
Toxicity device’ device’

Eye Irritation
Potential

Protective eyewears)

Protective eyewear

5) 4) 4)

No minimum No minimum

1) If dermal toxicity and skin irritation toxicity categories are different, PPE shall be determined by the more severe

toxicity category of the two. If dermal toxicity or skin irritation is category I or II, refer to another table to

determine if additional PPE is required beyond that specified in Table 10.

2) Refer to a separate Table to determine the specific type of chemical-resistant glove.

3) Refer to a separate Table to determine the specific type of respiratory protection.

4) Although no minimum PPE is required for these toxicity categories and routes of exposure, the Agency may require

PPE on a product-specific basis.

5) “Protective eyewear” is to be used instead of “goggles” and/or “face shield” and/or “shielded safety glasses” and similar

terms to describe eye protection, unless the assessment requires a specific type of eyewear for adequate protection.
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(Table 7) Foreign standard test methods for PPE and materials for protection against chemicals

Standard Number (Year)

Title of Standards

EN 465 (1995)

Protective Clothing. Protection against Liquid Chemicals. Performance Requirements for Chemical
Protective Clothing with Spray-Tight Connections between Different Parts of the Clothing (Type 4

Equipment)

EN 466-1 (1995)

Protective Clothing. Protection against Liquid Chemicals. Performance Requirements for Chemical
Protective Clothing with Liquid-Tight Connections between Different Parts of the Clothing (Type 3

Equipment)

EN 467 (1995)

Protective Clothing. Protection against Liquid Chemicals. Performance Requirements for Garments
Providing Protection to Parts of the Body

EN 943 (2002)

Protective Clothing against Liquid and Gaseous Chemicals, Including Liquid Aerosols and Solid
Particles - Part 1: Performance Requirements for Ventilated and Non-Ventilated "Gas-Tight" (Type 1)
and "Non-Gas-Tight" (Type 2) Chemical Protective Suits

EN 13034 (2009)

Protective Clothing against Liquid Chemicals. Performance Requirements for Chemical Protective
Clothing Offering Limited Protective Performance against Liquid Chemicals (Type 6 and Type PB’ [6]

Equipment

EN 13325 (2004)

Protective Clothing against Chemicals - Test Methods and Performance Classification of Chemical
Protective Clothing Materials, Seams, Joins and Assemblages

EN 14605 (2009)

Protective Clothing against Liquid Chemicals. Performance Requirements for Clothing with Liquid-Tight (Type
3) or Spray-Tight (Type 4) Connections, Including Items Providing Protection to Parts of the Body Only

EN 14786 (2007)

Protective Clothing. Determination of Resistance to Penetration by Sprayed Liquid Chemicals,
Emulsions and Dispersions. Atomizer Test

ISO 6529 (2013)

Protective Clothing -- Protection against Chemicals -- Determination of Resistance of Protective
Clothing Materials to Permeation by Liquids and Gases

ISO 6530 (2005)

Protective Clothing -- Protection against Liquid Chemicals -- Test Method for Resistance of Materials
to Penetration by Liquids

ISO 13934-1 (2013)

Textiles -- Tensile Properties of Fabrics -- Part 1: Determination of Maximum Force and Elongation
at Maximum Force Using the Strip Method

ISO 13935-2 (2014)

Textiles -- Seam Tensile Properties of Fabrics and Made-Up Textile Articles -- Part 2: Determination
of Maximum Force to Seam Rupture Using the Grab Method

ISO 13982-1 (2004)

Protective Clothing for Use against Solid Particulates. Performance Requirements for Chemical Protective
Clothing Providing Protection to the Full Body against Airborne Solid Particulates (Type 5 Clothing)

ISO 13994 (2005)

Clothing for Protection against Liquid Chemicals -- Determination of the Resistance of Protective
Clothing Materials to Penetration by Liquids under Pressure

ISO 16602 (2007)

Protective Clothing for Protection against Chemicals -- Classification, Labelling and Performance
Requirements

ISO 17491-1 (2012)

Protective Clothing -- Test Methods for Clothing Providing Protection against Chemicals - Part 1:
Determination of Resistance to Outward Leakage of Gases (Internal Pressure Test)

ISO 17491-2 (2012)

Protective Clothing. Test Methods for Clothing Providing Protection against Chemicals —Part 2:
Determination of Resistance to Inward Leakage of Aerosols and Gases (Inward Leakage Test)

ISO 17491-3 (2011)

Protective Clothing— Test Methods for Clothing Providing Protection against Chemicals - Part 3 :
Determination of Resistance to Penetration by a Jet of Liquid(Jet Test)

ISO 17491-4 (2014)

Protective Clothing -- Test Methods for Clothing Providing Protection against Chemicals - Part 4:
Determination of Resistance to Penetration by a Spray of Liquid (Spray Test)

ISO 17491-5 (2013)

Protective Clothing -- Test Methods for Clothing Providing Protection against Chemicals - Part 5:
Determination of Resistance To Penetration By a Spray of Liquid (Manikin Spray Test)

ISO/WD 18889 (2014)

Protective Gloves for Pesticide Operators-Performance Requirements

ISO 22608 (2004)

Protective Clothing -- Protection against Liquid Chemicals -- Measurement of Repellency, Retention,
and Penetration of Liquid Pesticide Formulations through Protective Clothing Materials

ISO 27065 (2011)

Protective Clothing -- Performance Requirements for Protective Clothing Worn by Operators Applying
Liquid Pesticides

ASTM F739-99a (1999)

Standard Test Method for Resistance of Protective Clothing Materials to Permeation by Liquids or Gases
under Conditions of Continuous Contact.

ASTM F2669-12 (2012)

Standard Performance Specification For Protective Clothing Worn By Operators Applying Pesticides

ASTM F2962-13 (2013)

Standard Practice for Conformity Assessment of Protective Clothing Wormn by Operators Applying
Pesticides

EPA PRN 93-7 (1993)

Labelling Revisions Required by the Worker Protection Standard

*PB: Partial Body Protection Items
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(Table 8) The Protection levels of pesticide protective clothing on ISO 27065 (2011) and types of chemical
protective clothing on ISO 16602

o European
1SO Category Description Standard
This is suitable when the potential risk of contamination is relatively low.
Level 1 la: Low spray drift landing on the operator e.g. from tractor boom sprayers
. . DIN 32781
(Low) 1b: Cotton and polyester/cotton garments which are widely used for operator
exposure studies
ISO Level 2 This is suitable when the potential risk of contamination is higher but not so
Vi . . S . . . *
27065 (Middle) high as to require the use of liquid-tight materials. (Type 6 protective suit on EN 13034
(2011) ISO 16602)
This is suitable when the potential risk of contamination require use of
Level 3 garments made with liquid-tight materials. This includes accessories, such as EN 14605°
(High) aprons, protective sleeves, and material (Type 4 or Type 3 Protective Suit on
ISO 16602)
Type 6 Suits .offering. limited .protective perfo.rn.lance aga.inst liquid chemicals: EN 13034
protection against e.g. minor splashes of irritant chemical
. . . . . . . . EN ISO
Type 5 Suits against solid particles: protection against dusts and solid particles 13982-1
ISO : : ; ; -
16602 Type 4  Spray-tight suit: protection against sprayed liquids EN 14605
(2007) Type 3 Liquid-tight suit: protection against pressurized liquids EN 14605
Air-fed non-gas-tight suits: protection against hazardous gases, liquids, aerosols,
Type 2 . . EN 943-1
and solid particles
Type 1 Gas-tight suit: protection against hazardous gases, liquids, aerosols and solid  EN 943-1

particles EN 943-2

* Additional Testing is Required in Order to Qualify as Level 2 and Level 3 Garments Respectively.

(Table 9) Recommended maximum continuous wearing time for a complete suit consisting of jacket and trousers
without thermal lining

Wearing Time (min)

Temperature of

Working Environment Class 1 Class 2 Class 3
(0 Re > 40 m’Pa/W 20 m’Pa/W < Ry < 40m°Pa/W R < 20m’Pa/W
25 60 105 205
20 75 250 ;
15 100 - ;
10 240 . ;

5 - - -

ISO 27065(2011)2] A57|HF He & RFS A4 = dEET 7 283t 497 7] uliol UAlE

W 27 AARES 3 FobiAl ] 2g8lr] A ‘?} F7E Al A 2 WSl Bd Fs s

A aefefol & HEo] e A HAle FUg A Aot} mgh FoF WA 24 Al A F-9lof whet

o] WAEoleb e 3 et o 9 Ve e u Fgol thg ¥ o} F4g o vk s 2
of wh o] Db 4 dvk= Aotk <Table 10>o] W8 n&d o 7 Farsfor & Algtolot.

3
i3
=

= 01r
N,

lﬂ

oAl Eel g 2 MW AWt ¥R et T Ak okl 43 B Fa AlFEe o
o, PAES TFE A P ol wel Lovel 7 54 Sitol le el P wsel va Auo

W] Fheelth S5l ) BAUASE TARG e A Ak So) el Aelch Sehjel okl
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(Table 10) Comparison of testing requirements between ISO 27065 (2011) and notification of MAFF No, 87-7

Require Performance Test ISO 27065 (2011) TigﬂﬁfM:ggn
-ments la_ b 2 3 No. 8-7(1987)
1  Liquid Penetration Resistance (EN 14786) O
2 Liquid Penetration Resistance (ISO 22608) o 0
3 Resistance to Penetration by Liquid under Pressure (ISO
13994, Procedure E)
4 Resistance to Permeation (ISO 6529, Method A) o
5 Tensile Strength S(SSO KB(?:;;;) o © o © 0
6  Tear Resistance (ISO 9073-4) (0) O O (0]
7  Weight of Cloth (KS K 0514) O
2 Thread per Unit Length in Woven Cloth o
(KS K 0511: 1963)
. Dimensional Changes of Fabrics
Material 9 1§ K 150 0601: 1967) ©
10 Test Method for Color Fastness to Light o
(KS K 0700: 1964)
1 Color Fastness to Washing of Dyed Goods o
(KS K 0641: 1980)
12 Colour Fastness to Perspiration o
(KS K 0715: 1962)
13 Colour Fastness to Rubbing (KS K 0650: 1962) (0]
14 Resistance to Water Penetration
(KS K 0591: 1964)
15 Resistance of Coated Cloth to Blocking 0
(KS K 0760: 1964)
1  Seam Penetration Resistance (EN 14786) O
2 Seam Penetration (ISO 22608) o' 0O
3 Seam Resistance to Penetration by Liquid Under Pressure o
Seam (ISO 13994, Procedure E)
4 Seam Resistance to Permeation b
(ISO 6529, Method A)
5  Seam Tensile Strength (ISO 13935-2) O (0] O
Practical Performance Test o o o
Whole- (ISO 16602, Procedure C)
Garment 2 Low-Level Spray Test (ISO 17491-4, Method A)
3 High-Level Spray Test (ISO 17491-4, Method B) (0]

a The minimum performance requirement for Level 2 is significantly higher than that for Level 1b.

b If, for a particular pesticide, additional testing is required to fully characterize the material.
* MAFF: Ministry of Agriculture, Forestry, and Fisheries,
* For dated references, only the edition cited applies. For undated references, the latest edition of the referenced document

(including any amendments) applies.

=4 TR FAFY 3954 4H o3 4552
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oz o] SHe Uehlie A7 Ad5E 540
ofsfzict. 2t Fokl tidk Eok =Al #E<l ISO
27065(2011)°lx1+= &oF 5 Ak Wi Level 12
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2 B5Y SRS Uhile $47} A 45% BEEe) 3
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