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Abstract pesticide to measure above factors. The retention were less
than 11.0% with the exclusion of two types(F4 and shirt)
BACKGROUND: The personal protective equipments and the repellency was more than 67.0% with the exclusion

(PPEs) is the most important factor for reducing the of shirt material. The penetration was less than 5.4%,
pesticide exposure during the preparation and spraying of however, that of shirt was 66.7%.

pesticides. This study was to investigate the retention, CONCLUSION: This results indicated that all protective
repellence and penetration of protective clothing of PPEs clothing were suitable to use as PPEs according to the
according to the ISO 22608 ‘Liquid penetration resistance- criteria specified by ISO Guide 22608. However, shirt was
pipette test. Protective clothing for agriculture worker is not suitable due to high penetration. This test method
very important for their health. However, test method for established for measurement the retention, repellence and
measurement of protective clothing is not presented in penetration of protective clothing will help to establish the
Korea. test notice of pipette method.

METHODS AND RESULTS: In order to measure the

retention, repellence and penetration of protective clothing, Key words: Penetration, Pipette method, Protective clothing,

a apparatus for pipette method in accordance with the ISO Repellence, Retention
Guideline was prepared. The test was conducted at 25+5C,

60+10% of relative humidity and pipette applied to a M E
apparatus was validated to take exact amount(0.2 mL). The

. . rokO r32}H 2210 74 =] 3] ] 2=y)

retention, repellence and penetration of five types of 5O oﬁ@ﬂ THS 7:] %7581 ”uH /‘S ]
. . . L s o /‘B

protective clothing and one type of shirt were analyzed by ° %i]‘— iz‘ fi}’q ﬁo ’i;” T S :Hq E j} =] AH-H]
. . . . ] oko O sll==9o] H = A

GC/MS. Pendimethalin(5% a.i, emulsion) was used as a test AL A Fore] AR O_H?’] A= o8 AMgShaL

A, okl A7 wEEE LA S A2

Agtol} A9 SIEYE Ao * A B sfh
(You, 2004).
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Table 1. Information of test pesticide

Product Formulation Active ingredient Viscosity Surface tension
(Manufacture) (ai %) (mPa-s) (dynes/cm)
Stomp . . . o
(Hankooksamgong) Emulsion Pendimethalin (31.7%) 1.83 31.50

AT = SEXNZTH Y Aol & Ak 2gEo] ik
WA AL U% v Al 9d1e] WA S chlorpyrifos,
chlorothalonil =Z°] #3t A7(Kang et al, 2004), 23}
grl AVdshe-AelA Al AGA] sk 9FeE: 54
(Kim et al, 2007), 7157 "5 gA 1 /e 93 4] 2
dsoll &t A (Hwang et al, 2007), 71 -8 skl
AL WHEAEe| W F-oP 5ok WS %Q H3K(Shin
et al, 2011) 5°] Stk AL, o]g} e Hqpeisol
A g AR 9 SRS HH(EH l"% il A 87-7
3, 1987) el whet HAlE gl 7}1%}*394 T4E sl
At Al ARk Aotk mejellME FoF HAlR
gt Aol WAl Agdg e WAlE 2ge de
4 g ALES SAIP] s A9 AdgEe gt
(Besler and Stallones, 2003; Bhanti et al, 2004). ©]&]3t
ohoFsh WhAlie] Ag- 1 FRle] AFRE SAg At

AP Lo T Bty HAA o7 FRAA= Fok]
Zof gk AZMS IAEkaL QA et ol Aotk
oFS] wEe FAEdTE 9 VIR A4 nEE Q)
theksl wA Ao 0516(’)]:, = o OI-/HZOk A A A ;{15]_
7] A%, A7 A A f3skal 9t (Lee, 2011). #H*
oli= carbofuran®|gh= 7O E ASAl= H] S A7
%, W5, dds 271 alachlorgl= oFHE obdet
ojlE AxAlE NEY A Sk Avtd ZloR Huwal
%) ©™(Lee, 2010), Triazine #|ZA| ¥ atrazine, simazine,

AV

1' rsL'

propazine, terbutylazine, cyanzine %2 ¥ T=
Ay} WAk 5o Bado] Qe Ao Had wf
S tHInfante-Rivard ef al, 2007).
olgf st thekst A kS w7 fJsliMe AR #
go] 52 o® o]Fo] Ao} gt} Fekl] AFAHRE F I
5 % AARFIE A weREE] 87%% AHAIEH
(DeJonge et al, 1985; Hwang et al, 2008), 2143t 71l
Hogn|o] 282 woke] &3t A W Hy Aol skl
HAEEZ vhg)ste] 949 =i YN b e 010131 tlokslk
AL oAWE 4% QtiShaw er al, 2001). w|=
EPA(Envirmnmental Protective Agency)°l =294+ K
S 7](Worker Protection Standard: WPS)S 333}
FRS A7) gdlo)E, PVC, 1% 508 SRS
Wolek=s sfofof stal, Holu 7EAaleE AREsHA] T A
S YAk oM (Baker ef al, 1996; Woodrow et al,
1997), U.S. Department of LaborelAl:= 8}8+4] 711K %
JHORE HIAE, aAY =88 HeeHE A, BY,
2, np, AlE, B84 gl oist A3, =3t 3 A
o W+, 78, BAA 5 L9AA gold T 1

Fig. 1. Pipette test apparatus.

oto] BoE0] 0% AAlsto] AQQAte] B oS 1A
skal QltHHwang et al, 2008). 3HA|WE w<F Axg v
5 s “Z% Harle 7P $837 QQloly =
o] A-el= =
¥ sl ﬁﬂ]o aL QA ko EE?S}, ngﬂ%ﬂ] o5t sk
=9 T/ AT AT A9 AR Aot

weba, 1 Aol A& 1SO 22608 ‘Liquid penetration
resistance-Pipette test’ o4l Q78h= I3 Al@H2] AlE
HAE skl U] ARl 559 WAlEl thaiA Fok
AsALe] AR eFE T3S ERlshe wokel et WAl
A, A Taela FREAS S8 IAIAQ] AR
A etshe 7]T°ﬂ AeA glaiion, ek WAl
2-9.3] X] o} ﬂ] ]o}fﬂ Aut shirt Ao st A%

1w
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oﬁ

Azt 2 Al

WAL TS S AFSH @ oke- 1SO/DIS 27065.2
Guideline(2015)°l] w2} #wEd  f-4|(Pendimethalin
emulswn) Tdsto] ARgsISC ‘:‘1 ]?:%"“ - Fcwe

H fFAE FRTE 5% aiZl HES 34 sto] ARE-skIT
(Table 1). ¥4 AMg® FdEFES HPC Standards
GmbH (Germany)Z5H 74315101, A]3le]] A8 acetone
4 water= HPLC grade(Burdick & Jackson, Korea) |5
= ARESISith #AHI= Gas  Chromatography-Mass
Spectrometry (SCION SQ, Bruker, USA)& AH&-ato]
A AR, w2 AT S SASI
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Table 2. Analytical method for pendimethalin

Instrument

Bruker, SCION SQ, USA (Software: MS workstation version 8.0)

Column

Injector temp.
Injection volume
Oven

Carrier gas

Bruker BP-5 ms, FS 30 m, 0.25 mm ID, 0.25 um

250C
1 ulL

170C(2 min) — 15C /min —260C (5 min)

Helium(1.0 mL/min)

Ion mode EI mode
Scan type SIM
Quantitation ion 252.0 m/z
Transfer-line temp. 250C
Source temp. 200C

Table 3. Information of test material

Code No. Quality of the material Texture
a) Outshell-Nylon 100% .
F Lining-Polyester 100% Plain weave
F2 Polypropylene Not applicable
Outshell-Nylon 100% .
ks Lining-Polyester 100% Plain weave
F4 Polyester 100% Plain weave
F5 3 layer-non woven fabrics Not applicable
Shirt Polyester 65%-+cotton 35% Plain weave

Y means the abbreviation of Fabric

A& 2 AIFEEA

5 Al AHE ZX= Fig. 13 2o, 313l (Picus
300, Satorius, Germany)<- 0.2 mL®] 79 A&
< 247 109K AR & FAE SAslon s8 et
2% olul & gRlasiith F3l |3 A[FH S Afo]7} 3045
mm7} HEF 313loH, AldgA] Yo AlPEE 2545C,
AHEEE 60+10%7F FAE RS SF3AT

— =
2MtHo| 2l

FORETFS acetone O 8311310] 1,000 ug/mLe] stock

solutions TH= 3,

acetone> ARE3F9 0.005, 0.01, 0.1,

0.5, 1.0 183 5.0 ug/mLO] HEE ARSI Z2AE
TG oRTY S Fst GC/MSe skl
culEle] st Zj%bﬂ% 2gskglon, A Table
29} 2Tk 3E AP AFREEAIE 9 M2) 3 54
(Benchkote™Plus, USA)E 8x8 cm 7|2 217} 3% &
HSkI AlEgE 02 mL A$ ¥, 250 mL AH2HEEkA
e ¥il 50 mL acetones 7Feto] 210 rpmollA] 307t
A FE8Ih o] FYE 29 Ao 7 {78
£ $ol] acetoneC® 1004 34e §F, dHFE Fsko
GC/MS= +As3itt
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Foke] wh J 9 A
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712 Adskn F44 £ 8
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r_{

=
S3 SRS A WAL 0§l ABA EHlel FHA
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NFRAIRY FD-FEAGEEY S RS 2
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Preparation of test fabric & absorbent paper (2 paper), 8 x 8 cm

"

Conditioning : at 25+5°C & 60+10% relative humidity for 24hr

"

Calibration of pipette: Deionized water & test solution 0.2 mL, 10 times

"

Test assembly : Test fabric (top) & absorbent paper (collector layer)

"

Application of test solution (0.2 mL), center of the test fabric

"

Cover with 10 x 10 cm transparency film

"

For 10 minutes

Second absorbent paper placed between test fabric and the cover plate

¢

For 2 minutes

Separation of three layer

'

Extraction with 50 mL of acetone, 2 times for 30 min at 210 rpm/min

¢

GC-MS analysis

Fig. 2. Procedure of pipette method.

Table 4. The recovery results of pendimethalin for protective clothing and shirt by GC/MS

Code No. Recovery (%)” sD? RSD (%)
F1° 104.6 26 25
F2 107.2 3.9 3.6
F3 101.9 3.0 29
F4 101.2 2.9 29
F5 104.0 8.2 79
Shirt 101.2 2.7 2.7

Y F means the abbreviation of Fabric, ” Average of 3 replication,  Standard deviation, ¥ Relative standard deviation(=
SD/Average of 3 replication)

< Adste] 247 250 mL A&kl ¥ 50 mL AFAE o2 3ol wet ALkeksith

acetone .2 210 rpm°lA] 30 5+ WEFF 3ITH23] o FEAH(%) = (Map+mpetmy)/mtx100

F2). FEAE ¥ F, 95 S48t GC/MSE ©) & o W5(%) = (map/my)x100

ato] EAstglom o] o, W SA4E FHEA AR o AF3(%) = (mpe/my)x100

ZA4 AHUHL acetoneOE 1008 343k A&}t o AEA (%) = (ma/mi)x100

(Fig. 2). map ¢ BT ERIE FEA e FEdEH(mg)

mpe : AP U9 FEAEHmg)

HEY, Y 2 AEY JAE ma A5 R 54 WY i (mg)

GC/MS #4437 we} F288, U4, AFY 9 me : AYE FEATHmg)
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] +— Pendimethalin 1.0 pp;11
A 6.8 min
C
Pendimethalin
S [
E
No peak detected

Fig. 3. Representative chromatograms of GC/MS.

D Pendimethalin

/

(A:1.0 mg/L of pendimethalin, B: Control of F2, C:Protective clothing of F2, D: Repellence of F2, E: Penetration of

F2, F: Penetration of shirt)

Pendimethalin?| 2A1H =tE

GC/MS 4 Al 6550 that A9 394417
0999 olFo® Sstglon AFEAY] wEE ARE
(retention time)°l Eww2] (M FRIHA] WSITh (Fig.
3). A7l sk AlE=42 @é}ﬁ](S/Nﬁ)% 0.002
mg/LolH, FFEA(S/N>10)= 0.005 mg/LoH, 31t
How 53t 65 AP 85E Al 101.2~107.2%2)
H2Z 1SO Guide 226080114 Q.7-8k= 95% ©]/d<] Helell
REste] Al AR, A 9 RS SAsheT

A5 BAYel A0 SlaiirkTable 4)

[UL‘ 2
o

HFY, Ysd, AFY9

GC/MS 4l oJst A[FAT= Table 58 23kt F
258 96.7~103.0%% 22]d A|3galo] oko rjiilo]
sEglon, AF/d(retention)> F49} shirtE A|2Jskal

I>|I
0
X
H

BE Aol 11.0% o3ty W Hl& , T
(repellency) 53t F491r shirts #l&Jsta e Ado
86.7% °l’del = HlEE HERNIE A5 shirtelA
62.0% o™, 71 9] B AEL 54% vHow vk HF
35 HERSItHTable 5). % A7 5 A W
T/Po—"é B 5% nonporous film)°.Z 3E WA 5
del M G Aow hdEw, WAEQ] ofd AnkAld
E TAE shirte TFo] AtFeR H& v A
(porous material) . ¥ ZZ]o]7] wjitel FFAo] =1
Aol vk A1 0 2 Abg FItShaw ef al, 2001).

oL

% EoﬂJ—y_ "= A

ad B
ISO Guide 22608014 A|A|ah= F3l A|gH S g3}
o]l Al Fl BAEET} Ank shirts thAo H*o,
HeA, ARl thgt AJES 3 Ay, iR WA ES

BF0] 00-54%% W15 e AEAE nyor o) Az
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Table 5. Measurement of retention, repellency, penetration and extraction efficiency by GC/MS

Code No. Retention (%) Repellency (%)b) Penetration (%) Extraction efficiency (%)
F1 11.0+2.6" 86.7+4.4 0.0+0.0 97.7
F2 49422 98.1+3.3 0.0+0.0 103.0
F3 7.3+0.6 87.6+2.2 5.4+1.0 100.3
F4 32.6+12.0 67.0+£11.5 0.1+0.0 99.7
F5 54+1.5 93.5+6.5 0.1+0.0 99.0
Shirt 34.2+8.2 0.5+0.2 62.0+9.2 96.7

¥ The act of keeping extra liquid, ” Resist the absorption or passage of water or other liquid, ¥ Process by which a

pesticide moves through porous materials,

Guide 2260814 Q6= AEA 58750 At
uRh, Ak & HOJ shirts ¢ ¥

< W E]'LH‘H SO Al ALIGlS Aol Al
07 TS Z £ QS Zlo® Holy, AR} W
9] dntAld ok AR Aole HEEEo I”
fabric®] BG4/ vhed A Apolol] whehA Hl’ﬁo}t
Ao FAFHIeh 2 APE A el Al Rl A
I %%Eﬁiq] 3}%5]'7]"1]: st Zlow el
ol A% soF

& S5k 92l

B glel & ]7\19} fARSE A719] Foke AsEstol S5t
= H‘j‘?ﬂ(atormzer method, EN14786 method)®] %171
Lq]l'f:"ﬂ F7}4 2% atomizer methodol|l W& 7} HAE2
AFE SHs Al el mE AR A5 d3E
H] sto] = EoF WAlR] st AFA F5E

TR
a7t 3l
of &

A

_13‘1.4 oL 10

Aow R meha, B AR )
F ol Ee| st A x161—161 H 53

%

& ok

WMol AR Bes 7S vl B9S
i=4

3k
H

B AT WAR AAFEATYE 57
2 e Aalel Tl AREe 550l A a
shirto] thal A A7, 2 12l 78S S
ISO 22608 Guideline’Liquid penetration resistance-
Pipette test’ollX] 276k A5 AFSIGILL AldEcto =
i+ pendimethaling # 2|3}l GC/MSZ #43l3itt. 5%
9] WA HFAJ0] 0.0~54%F vl B RS B
on] WEAE 67.0~98.1% woto] HA FHEA okl &
T el oJEiA AAR F gle ACE HAAN, Unt
Shlrtt s A B2 o] EklEo] woRtE A

B vl wTE Aoz FAFAT. A =)

1/‘1~ Al tE HEADY St 7o) vhd s
WA 97 wiEel, & A7 WAES Ae549 VIeAE
Horie] Eus € g s Ao Aladh

1o
=

) Average of 3 replication and standard deviation
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