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Abstract

Agricultural workers who mix/loads and spray pesticide in fields expose to pesticide through dermal and
inhalation routes. In such situation, exposed amount should be measured quantitatively for reasonable risk
assessment. Patch, gloves, socks and mask will be good materials for monitoring for dermal exposure while
personal air monitor equipped with solid adsorbent and air pump will be a tool for inhalation exposure. For
extrapolation of absorbed amount in dermal exposure matrices and of trapped amount in solid sorbent to total
deraml or inhalation exposure, Korean standard body surface area and respiration rate were proposed in
substitution of EPA data. Important exposure factors such as clothing and skin penetration ratio of dermal and
inhalation exposure were suggested based on Spraying time for exposure monitoring must be long enough that
the amount of pesticide to get absorbed/trapped in exposure matrices results in reasonable analytical value. In
domestic case for the both of speed sprayer and power spray machine, spraying time of 20~40 minutes (0.1~0.2
ha) will be reasonable per single replicate before extrapolating to 4 hours a day with triplicates experiment.
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Fig. 2. Application of pesticide with speed sprayer and power sprayer on various crops.
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Table 1. Series 875- Occupational and residential exposure test guidelines (USEPA, 1996a)

Group A-Applicator Exposure Monitoring Test Guidelines.

875.1000 Background for Application Exposure Monitoring Test Guidelines
875.1100 Dermal Exposure — Outdoor
875.1200 Dermal Exposure — Indoor
875.1300 Inhalation Exposure — Outdoor
875.1400 Inhalation Exposure —Indoor
875.1500 Biological Monitoring
875.1600 Application Exposure Monitoring Data Reporting
Group B-Postapplication Exposure Monitoring Test Guidelines.
875.2000 Background for Post application Exposure Monitoring Test Guidelines
875.2100 Foliar Dislodgeable Residue Dissipation
875.2200 Soil Residue Dissipation
875.2400 Dermal Exposure
875.2500 Inhalation Exposure
875.2600 Biological Monitoring
875.2800 Descriptions of Human Activity
875.2900 Data Reporting and Calculations
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Fig. 3. Plastic model for pesticide exposure measurement.
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Table 2. Main advantages and limitations of the methods for estimating dermal exposure of the body (OECD, 1997)

Dermal exposure method Main advantages

Main limitations

Patch Ease of analysis Assumes uniform deposition
No body region size or surface area correction .
Analysis may be more cumbersome
Whole body necessary

Less time-consuming in the field

May be uncomfortable for operator

Visual and quantitative analysis

(conventionally or video imaging)

Dyes/video imaging
imaging)
Useful for training operators

Measures exposure directly from skin (video

Assumes equivalent clothing permeation
by dye and pesticide
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Fig. 4. Hand wipe (A) and rinse/wash (B).
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Table 3. Main advantages and limitations of the methods for estimating dermal exposure of the hands (OECD, 1997)

Hand exposure method Main advantages

Main limitations

Absorbent gloves Ease of use

Possible overestimation of exposure

Solvent/swab rinse wash . .
with most previous data

Standardized method enabling comparison

May disrupt barrier function of skin
Laboratory validation requires human volunteers

Possible underestimation of exposure

Hand wash (soap and water) . .
contamination and absorption

Possible lack of standardization among workers

Does not interfere with process of skin

Laboratory validation requires human volunteers

Possible underestimation of exposure
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Fig. 5. Patch (A), gloves, socks and mask (B) for dermal exposure monitoring.
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2uet AR (CEEASA, 2010004 ARESRL Qe AlA
HA A& (Table 5)= Berkow?} OHEAY ARE AZE &
ghoto] HHELE] Y3Re] ARE Berkows] A12E A%
sFck. o] wj Me] WA OHEAS] AF& 1,300(L# L]
A Berkow?] &= 6508 w1l Y- 65002 5491, Ak}
S|4 OHEA®) 422 AMgalel A4 HHH A52g 7
SEEL

SHAINE 919} 2R EPA Al fejuet w9 S0lA &
Aot e Aol Zgorlolle FAds AL, vt Ab
T AA FHAZ o]&sto] QJifsh= Aol elgsit. whet
A FANA woF E Se ST Sut Alol oigt
EE AARHAS AQFetaal skt 1 Fere] S-uet
A EHA o] et A5 HH 9e(1994), Lee (2005) %
AR E=SQAERIACEAA 5, 2007), 2007 H(A2F,
2007) 9 2008~2009(4]2F7, 2009)9] =] Ao gh
Aopy 172 aoke Ao HHlE g Hra
A ZAI(A19FY, 2010) 59 AAERA ATEIN} o
24|tk Leed} 4ee] AAEUA 428 wlms) bl

Table 4. Surface Area for Regions of the Adult Male Body
(USEPA, 1996a)

Surface area Surface area of region (OHEA)

52 ii;n of the of region  (for 50th percentile men; NHANES
(Berkow) 1)

Head - 1,300 (includes the face)

Face 650 -

Trunk - 7,390 (includes the neck)

Back of Neck 110 -
Front of Neck 150 -

Chest/Stomach 3550 -

Back 3550 -

Upper Arm 1320 2,910
Forearm 1210 1310
Hand 820 990
Thigh 2250 3820
Lower Leg 2380 2560
Feet - 1310

Table 5. Body Surface Area (cm) for Calculation of Adult
Dermal Exposures (USEPA, 1996a)

Region of the Body Surface Area of Region

Head 650
Face 650
Back of Neck 150
Front of Neck 110
Chest/Stomach 3,550
Back 3,550
Upper Arm 2,910
Forearm 1,210
Thigh 3,820
Lower Leg 2,380
Feet 1,310
Hands 820

(Table 6) A=t & HA o] 43| =il Ymz] Bgo
H]228t AL & 4= 9t} Leed] A& (Lee, 2005) (Koreal,
Table 6)of A= 8| A&} Fole] o] WA Zpo|7} Wz LhA]
okx]ut USEPA(USEPA, 1996a), 9&{(Kurazumi, 1994) 9
AloFA L7 (A19FY, 2010) (Korea2, Table 6)& HH 2}o]
7t Ue As & 5 ok B3 59 HA L USEPASL Ui
A S vlas) B Aoy Arvh o o ks Bl A
o Aos wetE.



Table 6. Surface Area for Regions of the adult male body (cm)
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Region of the body USEPA Japan Koreal Korea2
Head 650 647 568 (Back of the head) -

Face 650 570 800 484

Front of Neck 150 305 160 242

Back of Neck 110 224 120 182
Chest/Stomach 3,550 1,892 3,195 (Chest + Abdomen) 3,324 (Chest + Abdomen + Pelvis)
Back 3,550 2,873 3,361 (Back + Hip) 3,336 (Back + Hip)
Upper Arm 2,910 1,637 1,599 1,537
Forearm 1,210 929 1,138 1,127

Hand 820 737 897 935

Thigh 3,820 2,938 2,742 2,769
Lower Leg 2,380 2,026 2,511 2,197

Feet 1,310 1,112 1,247 1,266

Table 7. Suggestion for body surface area (cm) for the Korean adult male

Body parts Surface area Body parts Surface area
Head 484 Upper Arm 1,537

Arms
Face 484 Forearm 1,127
Front of Neck 242 Thigh 2,769

L
Back of Neck 182 Lower leg 2,197 o8
Chest/Abdomen/Pelvis 3,324 Torso Feet 1,266 (Socks)
Back/Hip 3,336 Hand 935 (Glove)

upeby eubel Agro) E3 ARERAORAE M 4
14 ATETA QL Alokgo] AFR(AeFY, 20108 TjHiy
gfol AAHOE AYF 5 9IS A LekTable 7). IS
uaau EAAo] gAE velot 9 MRS A A4
3 USEPA(1996a)7}o| =etale ustel Sefufet 4e]
W2l WAL A3 WAT SUs 484 i AR o
cTable 7). B& olefat S-eltket Algte] A14| Hwl% 44
o Bl 5oF F AT WA AL, B, o, O] ofe]
ARE 7] A Gl E23 o 8o] glojof F Zlolet.
ok 12 o] 2 1d 2t x4 o] UK-POEM(POEM, 1992)
o A9E WYl BE, vl B £9) wE Y12 YR S
Y o|F Fxsa igow L EEE LR
Table 79] 71&(, B3 2eT H(YFo] T 3}
BEI, At o}a% e B, gET W 5ol

S AAro= gAstel A

hva afKe)

pas t
8ot geluet ok ALz Al Rgels SR
[e)5 2 2
- e e

[‘_EL

LT.

A A 13 1-Z3HPDE; potential dermal exposure) %
Y% (Intemal) ¥|F=27 A4

D RN Bea

soF Armole] 2, AL 3

3, 7918w F0)

w22k PDER R

=
it
ox
c
»
i)
2
rO
fo
2
e
B e

HOJ 2R T)(mL) Ee FEYEY] =ETHme, ug) o2 +
& 4 Qleh AL o] 1Z5u|(mL) PDEY] 295 HH §
P, eEFS A 7] 1814l patch 5 =& S48 A
80] 7)7] BAS So DU Y e EF (B nglom’)
S AXREE & B ARUEHS FaA A 7 R v
T2 AR AR FEARY] FOoR o] Ax FaR
Tl tigh eEeko] wES 1ot ok, AA Aaeh A
Fajo gl A AIAFES wEH Ao HuE
etk o] $AIE AEAITEO R Lo} AZRG AFEdio] &
°ﬂ wEEE AR oS ou|she AR AZRE e

45 (mL/h)7F A4t whgba] 7 B9 W v s
??ﬂ 1ol agah= A4 A7 Foto] PDES A4t
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Table 8. Suggestion for clothing and skin penetration factors in mixing/loading and application

i Application
Mixing/loading (Hand) Spra}{mg i
machines SS Torso Arms Legs
Clothing penetration Solid liquid SS
WB’ 5% 10%
1% - PS
OSB 10%

Skin penetration

1% (Solid)
10% (Liquid)

*WB; Water based
**OSB; Organic solvent based

PDE(mL)= A9 ARKG o3 SiEmih) 3 x 19 AEARE

A A eFAEuglent) X ARSIAEEA ) x A4 Ao Sl

g Ht(mlh) = A AE fadRRfug) x A AEARIN)
w249 AP FWA : upAd, 200 cm’; patch, 50 cm’
ZZHOECD, 1997)3} o] w5 £3) o] gHxos
kA g R ARgich

*

2) WA (Internal) 73 e

opyel HHel oF RIS AW Sl
2% W7k A T2 AREER 9, oR/RaRe AES
W5 EIgS Tejslo] g mR e s, o
QiR 10%0] O|H/R 58 JELE s
[&-stch(Jensen, 1984; POEM, 1992; Thongsinthusak
, 1993). 3 oJE/H e RS YT Fofo] u| s YFEs}
HES B, AN oA E AT 4TS 10%9)
o8 RS 7Hste] AlEst, dA 2 EEAAE 1%
T REN-E-S 7SIt (Maibach®} Feldman, 1974; Jensen,
1984; Thongsinthusak 5, 1993; Machado-Neto, 2001; Ross
%, 2001; Choi 5, 2006; € 5, 2007). AAA 02 fenpropathrin
9] risk characterization®] 7-${(California EPA, 1994) 32%
2 7}45}91aL, methidathion®] < 30%S 7145 AH|=
QITHUSEPA, 1999b). RHZA O 2 =& A4 o& mode 2
A& = UK-POEM(The UK Predictive Operator Exposure
Model)9] Y-8 R |2 E3g0] A9 2AE &0
v SR T4 AT O AEE o] SRENSS
2 faig
Lotk TREILE FA LA BE 10%S 7]
Fish 9ol et wizgo] ARsshes stk o

(_r

jaha)
i
o
rlo

fr oo & gz w2
>~

rr o
|o
U
N

eh] UK-POEM®]| 498 7|02 steia] loln] cliat
NS a2 o B QB YRLE Fhetel Ff wmd
248 93 /T3 UESS Table 83} o] YO

ARkt

SE = §Y WH/IR/ M=
< W A =20 F9] RS AASHATE
(0.029-9.1%) (Culver &, 1956; Miller &, 1980; WHO,
1982; Wojeck &, 1983; May, 1984; USEPA, 1996a; Capri
%, 1999; Oliveira?t Machado-Neto, 2003; Choi, 2004;
Choi 5, 2006; Park, 2009; Kim, 2011) 5 -Z3Fit=
th2A =7 AA(100%)7F w0l F+Erh= 7Hd(Fenske
¢} Day JR, 2005; Flanklin®} Worgan, 2005)0] A3 %1l
A Aot Ay 22 A e Sl A EA|, A, 2
A AR Aol BF =Fo] S5
F =29 SN ole Wi ohefRt Wilo] 9lem(Culver,
1956; Durham} Wolfe, 1962; Linch, 1974; Van Dyk¥}
Visweswariah, 1975; Lewis, 1976; Davis, 1980; USEPA,
1998; NIOSH, OSHA), ‘5°F] o|aeta] A4 9l 29| &
2of uwpabx] Alejajolstti(Linch, 1974; USEPA, 1996a).
A5 50| TF7|(respirator)E ko] HA filter Th4lo]
72 padE o]&3t B (Durhamd} Wolfe, 1962)2 TH&7]
41, Helde) 55 45 0 A4 FUFS 12 24T 2
2% Qitk 29y i FoFs aeder 2T = AW
(Davis, 1980), 3&7|7} gzl o glofof ah 24¢] =30
Y& 4= §l7] wi2ol] B Ho] Qlrk. E3F ethylene glycolE
% SA2 ARG midget impinger B¥(Linch, 1974;
Van Dykd} Visweswariah, 1975) o] 42402 AMLE Q=
dl, 29 Foll €A LY=L SeAY, gaz W S0t
7] % 3t sofo] we ethylene glycolof ZAEA] = A
&= Qloh TS B Wt 7he et EwES vlE] AlAsoF



3} 11(Thompson, 1977). 28 A|& 2JF 717t Zoto] Fo
27| &}, cthylene glycolo] Z7]o]A WL o] 2
= SRR shnao] ofste] eto] BaE|E gt
(USEPA, 1996a). wihA] A= 14 29t 2718271 o
A= personal air monitor(PAM)(Davis %, 1983b; Grover,
1985; Calumpang %, 1996; Calumpang¥} Medina, 1996;
H, 2000; Machera -5, 2003; Choi, 2004; Byoun %, 2005;
Choi &, 2006; Park, 2009; Farahat =, 2010; Baharuddin
%, 2011; Kim, 2011; Tsakirakis, 2011)0] HI|A, & &
iakg] 3‘;}%1 /\]E ZHH ol HM %l—t]g/g- 7\%.2_424,] XJEIL}
W2 Fofol thet EEOI F=aL oherRt A SAA 9] e
2 713 A3t Ao R AL 9l (Lewis, 2005),

35 kE oz #o|i Qi

FH oﬂl F

re

o
o %
2]

o g
UE

III
_11)1'

Personal air monito(PAM)Q} 114 &4
EgE 240 Aol PAME 243 37] 5059

o] 2 Limino] Hojoahr 4417t F9He 4154 glo] 4
7453 AL =H3h3 QTHUSEPA, 1996a) PAMS: 27|12
‘Q‘OF—O]E 7| HZ9} filter, 1A SZHA|(soild sorbent)
A= o] FAE o] QItkFig. 6, A). Filter= HE
A& 37 mm §-2A4F filterE ARE3tH SH| cellulose
support® T)T 22 Bop02 9 37] 3 B4 wAZ
EZZ/AASHAHUSEPA, 1996a), 57| 5 52 A4 23
(Fenske, 1990)] %= A3t s0Fo] o) ALY 14 T2}
A|(Fig. 6, B)= Chromosorb 102(Thomas®} Seiver, 1974;
Hill#} Arnold, 1979; Leidy®} Wright, 1991), Tenax-GC or
-TA(BillingT} Bidleman, 1980, 1983; Lewis®} Jackson,
1982; Lewis®t MacLeod, 1982; Roinestad &, 1993;
Calumpang} Medina, 1996), florisil(Yule 5, 1971; Lewis
9} Jackson, 1982; Garrod %, 1998), Amberlite XAD-4

e

L=Ne}
o —

XAD-2 resin

Glass fiber filter

=0| M2k éloi l:IH:‘g 517

(Woodrow$®} Seiber, 1978; Jenkins &, 1993) 59| 429},
polyurethane foam (PUF) (Bidleman} Olney, 1974; Orgill
5, 1976; Lewis 5, 1977; Wright@} Leidy, 1982; Billing
7} Bidleman, 1980; Lewis€} MacLeod, 1982; Hussain =,
1990; Capri 5, 1999; Cessna®} Grover, 2002), Amberlite
XAD-2(Farewell 5, 1977; Johnson 5 ,1977; Lewis2}
Jackson, 1982; BillingZ} Bidleman, 1983; Williams %,
1987; Leidy2} Wright, 1991; Wright 5, 1993; Lu%} Fenske,
1998; H, 2000; Machera %, 2003; Choi, 2004; Byoun 5,
2005; Choi -5, 2006; Park, 2009; Farahat &, 2010; Kim,
2011)50] gli=d], o] 0|4 2& XAD-2, PUF 52 AME
st} 7Hg HH A9l XAD-2 resine &4 9] S| AER &
S5 LAE 20~60 mesh®] IQFA ] F8A] HIER o]Fo]
A Qlef. o] filter, A4 F2HA] tube 52 7] HZe}
AAstL, Fofe AEsh= AFolu 24 A 2Hsh= A
oA Aateto] 2AAATHESE 3715 ot 501 37 F &
oF& A3 ol E{ldk= %7194 &2 1.0~2.0 L/min
[e]

=]
AR oot LA FAA & Hl%?i oF o4 OPh ZHEOH

% 9}7k&(Breakthrough)oll that H5-&
CHUSEPA, 1986, 1996a).

AAFES 81 9

ool 519 25 e ASHE
Q=9 ¥4 HFE 3TE AFLHE1E USEPA(USEPA,
1985; Thongsinthusak 5, 1993) (Table 9)2} Spector(1956)

®)

Fig. 6. PAM (A) and solid adsorbent (XAD-2 resin) tube (B) for inhalation exposure monitoring.
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Table 9. Estimated ventilation rates by sex and activity level®
(Thongsinthusak etc, 1993)

Table 11. Short term breathing rates for Korean adults (m?h,
Average of 20-49 years old)

Ventilation rate (L/min) o Male Female
% — 1 . Activity
Resting’ Light™ Moderate® Heavy Speed m*h  Speed m*h
A(iult male 12 14 A1 20 Resting 0 0.48 0 0.39
(n=454) Light exercise 2.5 mph 1.04 1.7 mph 0.79
gfil;l;;emale 6 g 27 43 Medium exercise 33 mph 127 2.5 mph 0.93

*Adapted from U.S.EPA (1985).

bResting period includes watching television, reading, and
sleeping.

‘Example of a light work activity for adult male workers:
Continuous loading one bag at a time, seven bags of 50-pound
bag granular formulation pesticide in one minute. The walking
distance was one meter.

*Moderate work activity represents approximately three times
heavier work task the light work activity. Power used can be
estimated according to equation in®.

‘Heavy work activity category is generally not applicable to
occupational exposure to pesticides.

Table 10. Standard Breathing Rates (USEPA, 1996a)

Heavy exercise 42 mph 2.08 3.5 mph 1.57

Very heavy exercise 5.0 mph 2.58 5.0 mph 1.97

Table 12. Suggestion or standard breathing rates (L/h) of
Korean adults

Ventilation (L/min)

Level of exertion

Male Female
Rest 7.4 4.5
Light work 29 16
Heavy work 60 24

A27h 9=, A USEPA(1997) 9 S-2juel 52354,
2010)%= Spector(1956)2] At2E &85}11 9K Table 10).

SHAEE, ejubel A HHet 28 =3 BUHE okH
TEE oA AR Aot T St ARE
g5z Ao] B, SejuEte] A9 sl g et
Hxlo] $55L A1 AR BuMEAA 5, 2007,
Table 11)A&27}F A o|t}. o] ARE §oF =& 2§35}
7] HaiMe vt 59 =& H7FE Sl AAEHA A
Ao Aot nET AR FoF e A T o WAE
7t E2o] §lojof & Zo|A|ut, Utk @A) A=E 8/
Axsto] Table 129} Zro] FAA o= A¢ksiqiTt. o] o
USEPA¢] ‘heavy work’u} $H45L9] ‘ge|7]” 49 A9
319951, Table 99] edFZ 3} 7ro] 2Hejo] A AL Hol Leof
g ’%“’* & ‘heavy work’u}, “&e]7]" 9] 79-oh= A3tstA|
ors Ao g wetkslgirt. weba USEPA(Table 10)<] “light
-0 350 ‘=7 A7](medium
Fo] ‘wEA A7

l

work (7t 2Hely 2] 7
exercise)’ Q] A2 v, HrlsjA 4
(medium exercise)’?] 399 $TES ‘FF =
o3t oeluet BAYAY BE SEER B

ox

= =
=5
S

Activity Male Female
Resting 483 393
Medium exercise 1,270 930

a}%Ach(Table 12). o] EFEL AH&3td AAZA S2utet
oF A Aol BB SR o £F & Y7}
2 59% 4+ US oz Bet

AR 58 =ZTHPIE; potential inhalation exposure) %

WA 3F=EF AL

) A4 25eEwf ALt

SOF A A 71 F2t AR SR A 3F ST
PIEE F¥&|1l, AN =ZHI(mL) Ei= FEAES
=EFH(ug, ng) 22 & 4 Qlrf AEoef kR u(mL)
PIES] -5 HH, 1A Z2A ol F2HE 5oFe] £4F(ng)
$43t 5580 vz Folel A4
e FHL o S U U2 FEIEF22
Uiro] AR AE §ER RG] o o) v&S o
e zﬂ Apszol B ,q 2

o
lo

O]II
¢

lo

< personal air pump2]

"PIE (mL) = SHOIAI7HY 55 =Z&E(mlh) x 12 ALEA|ZH

oA B Mg x SEEQUN) x A Aol Raiml)
S E(mUb) = Air pump 4L * A4 A5 SR ng) * A4 AARI)

Tk s Al Aol AR SEeEE 5 ARTt §IS
Aool nHiE 2A2]9] 10%E 7}(WHO, 1975)817| =
AL gIRES] 58 22 mli o] YHFE(WHO, 1982;
Wojeck 5, 1983; USEPA, 1996a; Machera 5, 2003; Choi,
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2004; Choi 5, 2006; Park, 2009; ¥, 2000; Kim, 2011)°]7]
o 2o 1% 71451 ALK Wolfe 5, 1967, 1972; Machado-
Neto, 20013k %97} Qukzolc),

SHA] ¢FiL, 5O R w2 o HA|(100%)7F A YH=E
AEEHTH= 7H4(Jensen, 1984; USEPA, 1996a; USEPA,
1999b; Fenske €} Day JR. 2005)2 o]-&3}o] PIE A&
2o A,

(USEPA, 1986, 1996a). =4 A5 £33t
£ AyrEd, oF 158247 A= (Wolfe, 1976; Davis 5,
1983a; Maddy %, 1983; USEPA, 1996a; ¥, 2000; Liu
5> 2003; Choi 2004; Byoun, 2005; Choi &, 2006; Park,
2009; Ramos &, 2010; Kim, 2011)0|ith E3 =& H7}
Al AFZA7H AE WA 2 o]lb Q@ AE 85t Fo] ¢ &
WARI7E i, oA Aggt v} o USEPA(1986
1996a) A|3] 7% A2 At gt 7o) qlaL, delE
=T, 2000; Cattani 5, 2001; Liu %, 2003; Machera %,
2003; Choi 2004; Byoun, 2005; Choi 5, 2006; Hughes -5,
2006; Hughes &, 2008; Machera 5, 2009; Park, 2009;
Kim, 2011; Tsakirakis %, 2011)%5 F2 AR A7HE o]
£ =245 (ug(mg)h; mL/h)E &-83191, UK-POEM
(POEM, 1992)% AHZ w2 %7} A Al EZ* o0& A7HF
FHmL/h)E ogeliA 37 HZAIZFOR SR 1Y =&
ol mL/dayE =& H7tof o]83slar
2+S 23K Ro] o Frkm Bk = b
whakgel Ak 5o =g 7} A
Q83 Be4o] Slrka 2o,

F 5007 Sl dsts 4
shoel7] Sl 204557} 43519 50 ALg A9 A3}
911, o] A} AFE vlgO R E3 UK-POEM (POEM,
1992)% 22 Sfef e 2fekel 5ot 5 91

2 A% (MY AL Am X7yHA FA(EEATH, 2010)

7}o] oF A QFARS

o
X,

SHAITE & 5(2007)9] =0l SS7] A
7F0] 3~4x|7F0] 45.8%% ZFA wobw, 19 A WAE
0.5~1 ha 2] %717} 29.8%=2 71 Wokth gt 140
A st Zajo] 9 K(Liu 5, 2003; Choi 2004; Choi =,
2006; Park, 2009)o| A= 4A17FS 1Y AFE A|7ko g2 AA
ol &2 W S WS SAE
ehA - 5(2007)9] =2 ¥ #H A= A
& S8 AT 59 4Y A 2 408 AR 7
ol Agake e
= oF 20—%?‘1313 k0.1 ha)o] }‘ﬂ‘jf‘n’ 3} XPOH A=
(500~1000 L)Z 20~40%-0] “i(O 102 ha)s= 192
=E E34E loe wAE fe A 2L FEET1Y
e A AZHE IHHE 2040807 S e A
2 wol, 32 24 AnE 470 RS B Aol
olgfgt Aok A T AFAEL Bt "adt Ho|ct.

o Aol 2, 4, A F 2 A
LAY 1eE,

59392 B 5ol asls, olT 4RI
L 50F A S w5

AW FollA patch, 7Y, Y, vk
R EEE PR
oz Gas Zog gekdrt Patch+ 7k, A2 ¢F 10 cm=
% 2H}F0] patch pocket®] 7--Eo] WA 50 cm?f o]
Q)1 a-celluloselt o8 HOE Z7H 7| =& patch pocketo]
gofA ARgshH, dfe AlAELle] & ebduE ARsAY
Qeol g Agee] Rkl Q24 vhadl wAol
°F 200 e8] =7]9] W nfAIE ARSI, Hopd, WALt
0 779 A4S AL B3l YL S} 23 A
5o wol WA whizel o FF9 AHe A

i3

o

ﬂH'I Fl
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