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ABSTRACT

This study sought to develop pesticide-protective clothing, which could reduce pesticide
exposure and enhance work comfort for fruit farmers. The use of pesticides in fruit tree cultivation
has increased agricultural productivity. However, with the high frequency of pesticide spraying,
there is the possibility of agricultural chemical poisoning, which could affect the health of
the farmers. In this study, the functional material used to make pesticide-protective clothing
was examined and its physical properties were evaluated. A sensory evaluation on the
pesticide-protective clothing material was then conducted and its physiological comfort was
also evaluated. According to the study results, the applied material met the pesticide penetration
prevention standards, and the pesticide-protective clothing offered a satisfactory fit. According
to the comfort wear test results, the temperature and humidity inside the clothing were lower
than that of existing pesticide-protective clothing and it was thus found to be effective in reducing
heat stress and enhancing comfort compared to the existing products (p<0.05). In the future,
there would be a need to develop pesticide-protective clothing more suitable for the fruit tree
cultivation working environment based on a field applicability evaluation. The results of this
study are expected to contribute to the design of pesticide-protective clothing for farmers.
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Table 1. Results of the test to evaluate pesticide—protective clothing fabric characteristics

Item Test result Perff)rn?ance
criterion
Antibiosis (%)
. More th, .
(KS K 0693] Over 99.9 ore than 99.9
Deodorization (%)
Material ~ NH3 500 ppm, Over 70 More than 70
(Gas detector tube method)
UV protection rate (%)
[KS K 0850] 99.9 More than 90
Blocking castle (Level)
KS K 0760] 4 Level 4 or above
Water resistance (mmH,0)
[KS K 0591] Over 20,000 More than 20,000
(Low water pressure method)
Water vapor permeability (g/m?/24hr)
[KS K 0594], Over 15,000 More than 20,000
(Potassium acetate method)
Tensile strength (N) Warp (Wp) 490 C 350
[KS K 0520]
(Grab method) Weft (Wt) 300 More than 300
Laminating Tearing strength (N) Warp (Wp) 29.2 More than 25
material | [KS K ISO 9073-4]
(Trapezoid method) Weft (Wt) 23.9 More than 20

Repellency Over 90  More than 90

Penetration by liquid (ug/em) [ISO 19918] Retention  Under 5 Less than 5

(A method)
Penetration Under 5 Less than 5
Penetration by liquid under pressure (kPa)
Less th M h
[1SO 13994] (Procedure D) ess than 35 ore than 35
X X %
Dimensional change (%) + 14 Less than + 3

[KS K ISO 5077]

Colorfastness (Level)
[KS K ISO 105-C06, KS K 0650, KS K ISO 105-FE04, 4-5 Level 4 or above
KS K ISO 105-FE01, KS K ISO 105-B02]

Tensile strength (N)

[KS K ISO 13935-2] 300 -
(Grab method)

Seam . ; ;
Liquid penetration resistance (%) Repellency  Over 90 Over 90
[ISO 22608] Retention ~ Under 5 Less than 5

(A method) Penetration Under 5 Less than 5
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Table 2. Experimental pesticide—protective clothing tested in this study

Development product

Commercial products in Korea

¢

A

700 g

3l g

Eco—friendly polyurethane resin
composition
(Developed pesticide—protective
clothing)

Waterproof and moisture—permeable

(Existing pesticide—protective)

Tychem
(Polyethylene coated HDPE)
(Chemical protective clothing)

HDPE: High—density polyethylene
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Table 3. The general characteristics and agricultural
status of the subjects

Classification Item N (%) I\TIO(t;i)
Under 49 2 (10)
50~59 315 20
Age
60~69 10 (50) (100%)
Over 70 5 (25
G | Gangwon—do 10 (50)
enera . .
characteristics Region  Gyeonggi~do 5 (25) (100%)
of the Jeolla—do 5 (25)
subjects Elementary 165
school
_ Middle school 3 (15) 20
Education _
High school 12 (60) (100%)
College/ 4 (0)
University
Less than 5 2 (10)
years
Work 6~15 years 10 (50) 20
experience 16~25 years 3 (15) (100%)
More than 26 5 (25)
Agricultural years
status of the Kind of Apple 10 (50) 20
subjects crop Pear 10 (50) (100%)
Under 1 ha 3 (15)
) 11 (55)
Cultivated 5
area (ha) ~3 315 (100%)
More than 3 3 (15)
ha

A& BEork dA) 2H8ota Y PAES gRE
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&g Eol7] o Bxol gntnzt, si7k mAk
£ F2 283l 7oz AL E5| ok
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HEA] S1EH(7.3%) 52| &£0& RAFE| 0] 5F
Z2o] tigt xeto] Wast oz UrE}kkﬂr.
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Table 49} 2ot Hyby, dARly} 714 SH9
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Table 4. Results of the pesticide—protective clothing improvement survey

Classification Item Mean SD
L ) Lightweight 477 0.5
Functionality (material) )
Use of durable material 4.8 0.4
Easy to wear and take off 43 0.5
Wearability & work activity =~ Easy to move around during agricultural work 49 0.3
Complements the use of other personal protective equipment 4.7 0.6
. Protection from pesticide penetration 4.8 0.4
Safety & protection o ) ) o
Visible for safety in the early morning and at nighttime 4.0 0.7
Soft contact between the material and the skin 4.0 0.5
Comfortable .
Less thermal stress during work 4.8 0.5
Easy to wash and fast drying 4.4 0.5
Manageability Easy to remove contaminants 4.4 0.6
Easy to store 4.6 0.5
) Aesthetic colors and appearance 3.6 1.0
Design .
A sense of belonging to a group 3.6 0.9
Economic aspect Low price 3.9 0.7
FES AT FEAA 4.08 ooz Y o o o] AYRE EEl= Y To= U
TR0l B2 o= Ut 71s4 24 59 He] F-9jo] o] =EH= /\Wﬂ 7F it w2k
o] A% AFeH4.74). WT+4(4.8%)°] =4, A oE], &, 4= 799 5 =52 4k
2 9 19 B4 SRl B2 WA Sistol WA FE(Hood) 917 290 A4 o
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Table 5. Satisfaction survey results for the
appearance of pesticide—protective

clothing
Item Mean SD
Ared e};?;n;atiSﬁed with the overall 49 05
Is the chest area comfortable, not 4306

too wide, or too narrow?
Is the length of the shirt comfortable? 4.2 0.8

Shirt Are the sleeves comfortable, not

too wide, or too narrow? 4506
Is the hem circumference just
right, not too wide, or too 39 0.6
narrow?
Total 43 0.7
Are you satisfied with the overall 45 07

design?
Are the pants comfortable without
fabric getting caught in 46 0.7
between the buttocks?
Pants Is th? hem area co.mfortable ‘ 40 06
without any pulling or sagging?

Are the trousers comfortable, not

39 0.7
too wide, or too narrow?
Is the hem length just right without
. . 45 0.7
being too loose or too tight?
Total 43 07
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Table 6. Wearability test for key body movements

Movement Posture
AV-1 AV-2 AV-3 AV-4
Arm’s i;‘ '?\ "
vertical ( :“2.4 % J 7
movement Wl \ |" IF "
\ ‘\‘ | \‘. {
) =Y by
Mean 4.3 4.9 4.5
(SD) 0.9 0.3 0.6)
AH-1 AH-2 AH-4
Arm’s —~
horizontal \[T i ( ;:’i‘
movement | | [
Tl | ’ {
f<ilv:t EN
Mean 4.1 4.1 4.3 4.5
(SD) 0.9 0.7 0.7) 0.8
W-1 W-2 W-3 W-4
& @r} —
Waist V.3 AR e yaws
et/ BV 7= Y7
ovement ] e 1 MUI / L[]
‘\“.,,‘; \ ‘\ uj /" y
\ } f %/ ;,_i‘
&) %®/
Mean 4.4 4.4 4.0 3.9
(SD) 0.5) 0.5 0.6 0.8)
L-1 L-2 L-3 L-4
)
Leg ™) ?’ e Q
/) | \ k 1‘) { A
movement 4 3
Mean 4.4 4.5 4.1 4.1
(SD) 0.7 0.6) 0.7 0.8
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(a) Temperature (b) Humidity
—— Developed pesticide-protective clothing ~ ---- Existing pesticide-protective clothing = Chemical protective clothing

Fig. 1.

Mean temperature and humidity inside clothing when worn for over 60 minutes.
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