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ABSTRACT

The purpose of this study was to examine the protection and comfort of pesticide
protective clothing (PPC) through material tests and thermal manikin trials. Four types
of commercially available PPC with different protective levels (P1, P2, P2.5, and P3) were
evaluated. The results were as follows: 1) the mechanical protective performance of
materials and seams was generally high. 2) the chemical protective performance of the
materials and seams of each type of PPC was either very high or low, so the development
of PPC to protect against middle-level pesticide exposure frequently encountered in Korean
rural areas is advisable. 3) The PPCs by various protective levels evaluated in this study
all have a high thermal insulation of more than 1 clo and low permeability, indicating
a great thermal burden in Korea's hot and humid summer farming environment. 4) Since
the evaluation of PPC comfort performance is considered independently from protective
performance, comprehensive test methods for protective and comfort are required for
accurate performance evaluations of PPC.
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Table 1. Experimental pesticide protective clothing in the present study

P1 P2
(Level C1 in ISO 27065)

(Level C2 in ISO 27065)

N J *
\ R

F -
TS

782 g 172 g
Polyester/cotton Tyvek
(65/30) (Flash spun and high
20%s twill density polyethylene, HDPE)
Reusable Limited—use

PC2.5 P3
(Commonly worn in Korea) (Level C3 in ISO 27065)
-

- 1]
} @
y y 1

L |

764 g 3l g

Tychem
(Polyethylene coated HDPE)

Waterproof and moisture
permeable nylon

Reusable Limited—use
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R,=—1+"~ (Eq.2»

It = Total insulation (clo)

Re = Thermal resistance (m*- T - W)
6.45 = Constant for converting unit from
Re m?-T - W to It (clo)

Ts = Thermal manikin's average surface
temperature (C)

T. = Ambient temperature (C)

Q/A = Area weighted heat flux (W-m™)

Q = Heat flux (W), A = Manikin’s surface

area (m?)

59 £37] AFS 23T F3YE AW Total
water vapour resistance, Re)= AFESIT
A= m? - Pa - Wolth (Eq.3).

(P, -P)

Ret = Q/A_ [(]’S— T,,)/Rd]

(Eq.3>

Re: = Total water vapour resistance (m? -
Pa- W)

Ps = Saturated vapor pressure at surface
temperature (Pa)

P, = Saturated vapor pressure at ambient
temperature (Pa)

Q/A = Area weighted heat flux (W-m™)

Q = Heat flux (W), A = Manikin’s surface
area (m?%

5o A=) BB 5ok WA Al Al

=
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2 A6, EPRoNN EP&E= 18O
15831(2004)°]l &3}o] 45 + 2 steps - min™' 2
& AAsit

4. HOo|e &4

B AN AT AR T2 Y FR BE
o] el 2t 33] W S PEY BFL VIR
(o= ]
AR

Zhse AR Eo] okl grow 715t wetA
3%] 9HE 249 k5] Apdgte] obd WERE

B0 ARgsIAaL, ool met | FR{o| BaEd
et S = 2= 242 shyo] HER Bato.
2 o vlwstgon, 24 7t A w93t 4
T2 FYsHA 3Tk

. A

1. % YH=e 2E8ds

E AoA AHH BEE 43 F P29} P3S
&, P13} P2.5& HHEALE gro|ng 7t
Z}o|| FFsh= 1SO 270659 HALFAES 7]
F0 7 BA5ItHTable 2, Table 3). & 7o
A 7P Ge 1o 5321 P19 A EE A4
830 N, £7] 240 NO2 & = 2% 4 A%
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Table 2. Mechanical protective performance of pesticide protective clothing by levels

2 2ANFO S2=EE 5y 565

(unit: N)
Mechanical Normative Minimum requirement Test result by level”
performance references (ISO 27065)" P1 P2 P2.5 P3
i Reusable >180 830 - 330 -
Material 1SO 13934-1 !
tensile strength Limited-use > 30 - 70 - 150
Material 15O 90734 >10 1388 244 1284 274
tear resistance Reusable and
i limited—use
Material puncture 1oy 3996 B > 10 85 16 28 26
resistance
Reusable >180 240 - 240 -
Scam 15O 13935-2 o
tensile strength Limited—use > 30 - 87 - 190

"Minimum  requirements for mechanical protective performance in ISO 27065(2017) are the same for all levels;
“Pl=Level Cl; P2=Level C2; P2.5=Commonly used suit; P3=Level C3.

Table 3. Chemical protective and comfort performance of pesticide protective clothing by levels

Test item (Normative references)

Test results by level”

*

P1 P2 PC2.5 P3
, , Mean 43.1 40.8 0.0 0.0
Penetration resistance (%)*
Error 9.7 9.1 0.0 0.0
_ Mean 52.8 57.6 11.1 53
~ Retention (%)
Material Error 8.6 8.4 2.6 2.0
Repell @ Mean 0.9 2.6 86.7 95.3
Chemical cpeieney Error 0.2 05 44 2.8
protective Extract Efficiency (%) 97 101 98 101
performance M. 189 19.2 10.1 1.7
ean . . . .
(SO 22608 Penetration resistance (%)
_Method B) Error 6.3 2.8 11.9 0.8
) Mean 74.1 79.0 36.3 3.0
Retention (%)
Seam Error 2.8 4.2 2.8 1.1
Mean 4.7 35 55.9 92.2
Repellency (%)
Error 0.8 0.6 13.8 1.7
Extract Efficiency (%) 98 102 102 97
Thermal insulation (IT) Mean 1.26 1.16 1.42 1.21
_static (clo) Error 0.004 0.009 0.006 0.010
f
Com ort . Thermal insulation (IT) Mean 085 086 095 085
performance  Clothing "4 i (dlo) E 0003 0.004 0.004  0.002
IS0 9920) _dy rror . . . .
Water vapour resistance(Ret) Mean 42.0 475 54.1 151.2
(m? - PaW™) Error 0.112 0.475 0.506 2.540

" Minimum requirements for Penetration resistance in ISO 27065 are <40% for Level Cl1 and <5% for Level C2:
Other test items were carried out in this study additionally, though they are not in ISO 27065(2017), so there is

no minimum performance requirements of them.
" Pl=Level 1; P2=Level 2; PC2.5=Commonly used suit; P3=Level 3.
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AE WA AAFEE =919 AFS vkt
B35 B7Icks AldEEA = Haids0l
7V 2 HSEo] &9 13(Fig. 1-A, Fig.
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1-C). &A19] &334 ®5459 Fig. 1-A9] (a)
WA, OHELE OHEFIATS 45 57
o] 7M W2 P1°] 1&£91E AAISHL, B P2.5,
P3, P2 oIt &A412) sfota] Ho /4459l Fig.
1-A9] (DHFA, AFE, OIS 45 5
wol 7Fg ¥2 P3°] 1912 ofoH] Hods =
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T R A e
8459 Fig 1-B9) (@A=L 4% 53
o 7b§ e PI 8 P257h 14918 A3k
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TS P3, P2 €0 A9 (2)-E(Fig.
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£719] 3}k HSASE 95351 92 YeRdth

HAIES gl i 1= Fig. 1-C
A= B2 3571 S AU A2
et Aog sto] &5 Fofsioitt. WA (k)
BARANAY BH2E2 P27 149, ohe
P3, P1, P2.5 0|39 HHd, (DEPZZ0]A 9]
HEZoAe 7 S50l W2 P13} 7H 5+l

A. Material (Protection)

>

a. Tensile strength
A b. Tear resistance
A c. Puncture resistance
4 | d. Penetration resistance
e. Retention

:
:
} 4 a f. Repellency
]
:

A <Protection: ato j>
Rank 1 - More protective ~
Rank 4 - Less protective

- i R .
—-A T T |
P1 P2 P2.5 P3
Rank1 4 & PR N
S e - - - B.Seam (Protection)
o) S
4 g. Tensile strength
19 & h. Penetration resistance
cgi N ///C*\—\,,\Q i. Retention
i co- j. Repellency
1 <
-2 o7
34 O~ _
4 o7
1 -
2 o7
39S~ ~
4 T - T T 1
P1 P2 P2.5 P3
Rank 1 - .
“_: 2 i - ~ _m C.Clothing (Comfort)
34 W ™~ -
4 e k. Thermal insulation:standing
15 W m ||. Thermal insulation:walking
_2 ﬂ s SN — m. Water vapor resistance
3 T
4 <Comfort: K to M>
1y Rank 1 - More comfortable ~
= § % -— -y Rank 4 - Less comfortable
4 m
T T T ]
P1 P2 P2.5 P3

Fig. 1. The rank orders of test results among
the four levels of protective clothing in
the present study (Smaller scores represent
more protective or more comfortable
functions: Score 1) 2 ) 2.5 ) 3).
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