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Exposure Assessment of PM; s in Manufacturing Industry Office Buildings

Mi Ran Nam - Jong-Hyon Jung' - Young Gyu Phee'

Institute for Industrial Health, Daegu Haany University * 1Faculty of Health Science, Daegu Haany University

ABSTRACT

Objectives: This study was conducted in order to evaluate PM»s concentrations at 20 offices connected to the manufacturing
industry from the beginning of September to the end of November 2012.

Methods: A total of 20 samples were collected from 20 office buildings. Each PM, 5 sample was collected by a 37 mm PTFE filter

attached to a Personal Environment Monitor.

Results: The geometric mean concentrations of PM, s in the offices was 23.47 pg/m), and the mean PM, s concentrations measured
in smoking offices were much higher than those of measured in non-smoking offices(24.83 pg/m’ and 21.55 pg/m), respectively).
PM, s was revealed to be higher in small offices(39.52 pg/m’) than in medium or large offices(22.69 ng/m and 11.04 pg/m),
respectively). The mean PM, 5 concentration of offices located on the 1st floor was higher than that of those on the 2nd floor, and
those of offices located in the workplace were higher than those out of the workplace. The multiple regression model showed that
concentration of PM, s was positively associated with the method of ventilation.

Conclusions: Smoking, ventilation method, location, and inflow of outdoor particulate matter are the most important factors for

office PM, s concentrations.

Key words : concentration, office, PMa s
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ARl 37 5 80~85% o= AollA A&
stal glow, WaE Ayt E5dh=s Aol
soldol wat AYFrIELS Fas ASH At &
A2 545t 9JthLawrence et al., 2004). AUE7]

Z(Indoor Air Quality, IAQ)2 Ale|e}= T2 A Al
o@es Aoledal feol ou oo
Aot ofgfe Ent oy e} Aol A& A

oA edd A37Y 52 Tl 2571E,
Aol Asistd natg, 58719 A5 Fol &
4= Qltk(Berglund et al., 1992; Jones, 1999). 3k,

0}11 oM.

Nt e R Ao

=13
=

tHLee & Chang, 2000; Lee et al., 2004).
AR AYIAE T TSR W Y
P B okt AN D FAY SO Aol Wt
WAHSA AwElel ek Selkere] A5 2007
AEAL] 78S A Best] 9l A
A4 8 THMOEL, 2012). AFEAL U WA= 9
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Hol A MAEE Mf, vt R WRad 9 A4
¥, @Bl J WA, HFBAR AT WA, £
12 Sog Ao de Ao o] Bl ol
Argof o] A= THMonn et al., 1997; Luoma et
, 2001). Monn et al.(2001)2 37|&, 7| d=,
AFAY] B P, A 37195 A7 &
f‘a Hapsol s AU Wxe] edx=rt AHE
gk vp ik
71 T YAPSFEAE A7zt ShekA /R
e 7HAZ FREIL A %S o4
A dRe] 7o) whe FRkE e ¢
A717F ASeE w27 JRE 7hsAdel A
(Wallace, 1996). w]AH A= EAF PMg(Particulate
Matters)o |2} A5t F7] gtz 27o] 10 m ofs}
= PMyp, 2.5 m o]5h= ZRIAHA 2 PMps®] EX YA
2wt 53], 27t AL YA WASEsL el
7] Foll Bz FAIZE AlFste Abgo] =5 o
#H o) 718A Be HE Fejo] J2ET] vy EIE
PMip2 55714 Ao & JFE 1L PMos= A8
A Ak 9l of, 27APYS S 4= lom, ol Ak
77t AEaE A es "Wiol 7kt 2+
o5 % 7] F FellEdte] Skl gl wiE
ol PM,59] =4d0] PM oX.th 71’0]—1:]-‘_ AL ou|stc}
(Shendrikar & Steinmetz, 2003; Schwartz et al., 1999).
o|FE HAE gt A7l ord-e flsto] SR
L PMp2] th7184 712 150 pg/m o2 Ha]3tar Q)
ow, 20159FE PMyso] - A7E71E 25 pg/m, 24
A7t 7155 50 pg/ml 0.5 F7gsto] A|RYE of) g olrt. gt
H, AWs1te] A9 SFF9 ‘tFol gAlE T A
W71 A e o A thgol-&-Aldol whet PMjpe]
g FA712= 150~ 200 ug/m o]stE skl 9lom
PMysofl teh 7|2 o4 wigle]of QIA| ¢FthMoE,
2013a). 15t tho] A O] Foll thet PMy, &
= 2ARE Ats vdstAl ZaAE oA Lo H(Kim
et al., 2005; Seo et al., 2006; Jeon et al., 2008) PM, ]|
ek AR A9 3E vE ok ER]L Shal W m
AAA] B E skl SEuel wsst7]&Rof A
= St R 1AL Qholl A o] PMyeol] Thel 471
£ 100 pg/m 2.2 AAsto] Fe)star QTHMoE, 2013b)
o]t o] = st g7 &g riet HHE
AF7) cheFsHA o] F o)X S UH(Lim et al., 2008; Choi,

I&OMHOQJ-:
}:1
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of
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2008; Lee et al., 2010), G A E—‘,:— PM,o
of qltk. gHE, MgwEEe] A9 x| APLAL] PMs
of thet 7]&2 mE o] QIA| Al PMi> #eEf7|&
OF 150 yg/m = FAEkAL glom o|e}k edste] Z13
H ARRA S AlE71E o] oA PMell TRt =
Z% 7} A7) g F-Eo]ti(Lee et al., 2004; Roh et al.,
2004; Jeong et al., 2007).

ShH, Axle]=9] 7 PMys w0l g A7t
&t (Gemenetzis et al., 2006; Branis et al., 2009;
2012), AFFAl(Mosqueron et al.,
2002; Mohammadyan et al., 2010), #5=X|(Cao et al.,
2005; Yassin et al., 2012) 5= Aoz tofsHA
Aol ghort etere] A9 Aol g )
Rlom 53], AgA U ARAL tFoR g PMas
BER o B A AR Aol

webd 2 QTE AR 0 ARl 37
PMys9 =& H7bstal 1 &
osfe] ARA TEAe] AYRES T 7124
& Agstan s

&0l =3tE]

Yurtseven et al.,

H oo 2012 9URE 11U714] A
o Azeiol Al A 20 4E o] 44
AFEALE ko] 7] F PMyo] HEE WS

Ak

2. 911HbH
1) du]| = A}

ALY o] AR dEtel A S F Ak
Ao WSl AFRALE AASHET 2R, A

AFEAL Y PMps+= PEM(Personal Environmental
Monitor, Cat. No. 761-203, SKC, USA)ES ©]-83}o] A
FalAct ZHof A8-E oI} x]= PTFE Filter(37 mn,
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pore size 2.0 um SKC, USA)O]EE], Z1LZ1L o2& PEM
o 4 SESkal ApAz

Ri‘jr. 1520 f/mlnﬁ’-i @Xéf& NRAXNZAHF7]
(Personal air sampler, Gillian, USA)o]] A 3}o] L2}
19 BFAZE F EHo] olRolAES shoirt
(MoEL, 2012). QA2 3)317]9] §3& PMsso] 274
A - 2o AAlGeE A A (Defender 510, BIOS, USA)
2 7 384 245l BEke BeadAch

@) Aol HA
24 A -5 ARE SR GFS AAS sh]
GlAIZolE] tollA] 2441%F ol Bkt F FEEEAM S
olgsto] S BRlsich. Alme] BAL 10° g7ix]
Ak 4~ Ql= HAAFA2(CP244S, Sartorius, Germany)
g olgstgon, A 24 A - F YA Fokn
FARO FAS BT F SEGS AN

DEETCRY

E 2}z o] BAl2 SPSS(Version 20.0K, USA) =&
I o835t B7] F PMas©] R Sapiro-
Wilke] A4 AAZ T A TRES Kol 7|51
7St EREAR AT, AT ols|E 915}

of AW HEUXE Aol B,
AL R, AR 91, %‘HO%—‘% 5527

s ann-Whitney U
tests -85, HASAA %‘—%Er, }”“ 7], &7
+ Kruskal- Wallls

£4
AR 37 }371% FHHEW 100 vkl
45%(97) 4)0] LIl 100~200 m  ||FF 25%(57) 4)
200 m o]Ato] 30%(67] &) ©] tH(Table 1). E&F A}
A A=ATHS 10d vTko] 35%(77/ A= 714
Wk, 10 o4} 20 w|Rk 35%(7714), 201 o]
& 30%(67114~) o] Atk(Table 1). T, ARFAo] 24¢

http://iwww.kiha.kr

Table 1. General characteristics of subjects

Number of

Classification samples Percentage(%)

Size of office space(m’)

m'<100 9 45

100<m'<200 5 25

m'>200 6 30
Building years

<10 7 35

10<years< 20 7 35

>20 6 30
Office location

In the workplace 4 20

Out of the workplace 16 80
Surrounding environment

Industrial area 11 55

Non industrial area 9 45
Office floor

Ist floor 14 70

2nd floor 6 30

A Aol FHT A9 20%@AH2), Fol 91
& A7t 80%(16744) olglom, FHsgoR 3
S ol 91T AR O] %1174, T8 9 A
o 4SO IR 15 AT KRae
70%(147) )0 9L, 220 923t AHLAlo] 30%(6
(ESERENE ‘ZiEP.

) AT &7, T H AR 54
AR S whet FEEEE FES F
3 2715 sh= AMFRAR 10%Q2714), EYES ©f
715 SHA] b= ARFA

|31 37)= 55%(117]%), 3
2 35%(7714) ©] QIth(Table 2).

g, A deld FdE sk AR
60%(127]14) o], FAL A Y= AR
40%(87l &) o]glom, AFRAl Aol SUZES
SH= APLALS 20%(47]4), 2HE5HA] oF AR
80%(167] )= WERITE AR Wl A 289
Hehs 2-8-st= AHFAE 40%(8714) o] 9laL
SHA] e ARRALL 60%(127) )= RAME Qi

(R T et
> flo oo rlo rleo

oo 1

-

Dy

=
=
}U“ B %l&ﬁ} 29| HytsEE 0.7 ppml =
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Table 2. General characteristics of office by ventilation and sanitation
Classification Number of samples Percentage(%)
Ventilating type
Window ventilation 2 10
Door ventilation 11 55
No ventilation 7 35
Smoking status Smoking 12 60
Non-smoking 8 40
Uniform Yes 4 20
No 16 80
Slipper Yes 8 40
No 12 60
Table 3. General characteristics of indoor environmental conditions
Classification Mean Standard Deviation Min Max
CO(ppm) 0.70 0.81 0.01 3.84
COx(ppm) 740.50 227.60 470.03 1215.02
Temperature( C) 17.16 4.11 9.01 23.73
Relative Humidity(%) 56.70 11.67 24.62 73.44

Ao mE A 7] AelA

AIASEAL Qe el 718 10 ppme ZW3HE AL
Ae fldlen, oliteteao] Hats=e= 740.5 ppm

1,000 ppme Zilsl= APRALS
15%GA2)7F 99t B3 Ay Hd 229 S5
= 717} 17.2°C 9 56.7%%2 ZAFE]cH(Table 3).

2. 27| & PM,ys2 s HIt

DARA ZI7 0E 37 F 5=

Table 4= ¥7] & PMys9] 7|stHd 5E& AHF
A AAEE SEeE 2102 100 m m|vho] 39.52 g/

Table 4. Airborne PM, 5 concentrations by office space

m, 100~200 m w]gto] 22.69 1g/m, 200 mi o]Ato]
11.04 pg/mi 02 AR A Fo] &% vt &

=T
Al vdebgton o= AR {3t AtolE Y
THp<0.05).

2) AHFA 5

Table 5+= ARFAS L
 &7] & PMzsoll thet 7|88+t s=5 UEhd
o2 109 wjgko] 2335 pg/m, 10&~20¥ wn|gto
21.49 yg/m, 20 o]Ato] 26.20 pg/m .2 10 u|gkzt
209 o]4fo] tha A uEhteu $AA o8

Azl ve 37 3
=

A

(Unit : pg/m’)

Classification N GM**(GSDw~ ) MeantS.D." Min Max p-value
m'<100 9 39.52(2.85) 55.79+38.20 4.55 124.94
100<m'<200 5 22.69(1.85) 25.840+12.87 8.92 38.59 0.026
m'>200 6 11.04(2.18) 14.067+10.35 4.44 31.01
" N : Number of samples “GM : Geometric Mean
GSD : Geometric Standard Deviation ¥S.D. : Standard Deviation
Table 5. Airborne PM, 5 concentrations in office by building year
(Unit : pg/m’)
Classification N GM(GSD) Mean+S.D. Min Max p-value
10>years 7 23.35(2.96) 35.94432.00 4.44 81.72
10<years<20 7 21.49(3.24) 38.54+44.92 4.55 124.94 0.948
years>20 6 26.20(2.36) 32.38+16.87 4.93 55.86
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Table 6. Airborne PM, 5 concentrations by office location
(Unit : yg/m’")

Classification N GM(GSD) Mean+S.D. Min Max p-value
In the workplace 4 33.93(1.84) 39.20425.04 17.80 74.52 0.508
Out of the workplace 16 21.40(2.93) 34.93+34.50 4.44 124.94 ’

Table 7. Airborne PM; 5 concentrations by surrounding environment

(Unit : pg/m’)
Classification N GM(GSD) Mean+S.D. Min Max p-value
Industrial area 11 27.26(2.43) 36.56+25.56 4.93 81.72 0.403
Non industrial area 9 19.54(3.18) 34.83+40.69 4.44 124.94 '
et 571 & PM2s9] 7]stg+t 525 YEhd A
APELAl0] 28.53 pg/m, 22 AMRAlo] 14.87 ug/m )

HAFA A e TV F 5= 2%of 9|8k AREAIET 13 AREA A S =7}
AHRAL Q1A F7] F PMs®] 7ISHE B A deb ey I 2ol 7k AR SR fol5kAl =

AFAZE W 1AIFE AR 0] 33.93 1g/m, AR €] %t

o X8t AFLAlO] 21.40 pg/m 02 AFRLAlO] ALY

52 l-m 01N'

fr

U XE 2ol w7 =4 UEbged EA 6) AHRA 7| E F7 F 5=
2 §ol4L AQrKTable 6). Table 9= AMFA W 3o w2 g7 &
PM;59] 713} 8¢ H2 & u|glr] 1424 1g/m, Y&

HARA FHSRA N I E F7 F 5% N 24.73 pg/mi, ZE3H7] 101.02 pg/m 02 v|$Hr]
AHEAL O S whet FEPE W 37 F < SUEMY < e wo® =7t =4 YE

PMys9] 71818+t Fre 3T Woll §x|gk AREAL wom o= FAHSR {3 Aolg HT

o] 2726 g/, TR ool |x|3t AFFEAl0] 19.54 (p<0.01).

ng/m O 2 Fek| o ol YRS ARRAA FETt =

A Yerey FAA Fo4d2 llck(Table 7). T AFA FAAR O E 37 T 5=

HAFA SFATE F71 5 5% PM, 59} 7|3}t 5= H AHR(24.83 /)]
Table 82 AMFA 95 S4EE FE5HAS 0 FAE A = AFEA(21.55 pg/m ol H]E FET}
Table 8. Airborne PM, 5 concentrations by office floor
(Unit : pg/m’)
Classification N GM(GSD) Mean+S.D. Min Max p-value
Ist floor 14 28.53(2.50) 40.24+33.43 4.44 124.94 0248
2nd floor 6 14.87(3.11) 25.40429.47 4.55 81.72 '

Table 9. Airborne PM, 5 concentrations in office by ventilation method

(Unit : pg/m’)
Classification N GM(GSD) Mean+S.D. Min Max p-value
Not Ventilation 7 14.24(1.91) 16.91+10.92 4.93 38.59
Door ventilation 11 24.73(2.79) 35.52425.57 4.44 78.05 0.001
Window ventilation 2 101.02(1.35) 103.30+30.55 81.72 124.94
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Table 10. Airborne PM, s concentrations by smoking status
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(Unit : yg/m’")

Classification N GM(GSD) Mean+S.D. Min Max p-value
Smoking 12 24.83(3.03) 40.08+37.14 4.44 124.94 0.758
Non-smoking 8 21.55(2.44) 29.35+24.13 4.55 81.72 '
Table 11. Airborne PM, 5 concentrations by office sanitation
(Unit : pg/m’)
Classification N GM(GSD) Mean+S.D. Min Max p-value
. Yes 4 10.73(2.16) 13.65+11.76 4.93 31.01
Uniform 0.089
No 16 28.54(2.66) 41.32+33.60 4.444 124.94
. Yes 8 13.37(2.66) 21.46+25.40 4.55 78.05
Slipper 0.064
No 12 34.14(2.38) 45.33+33.77 4.444 124.94
7 vEbd ey A4 o4 fIItH(Table 10). S PMs9| 7]8H8+to] = 1073 pg/m, vAHE
AR 2854 gm0 TRE 0]z AHRAAA
8) AR YEH BE 37 F FE w27} 7 ebeda, A8 Agst Hgolie] uet
AR GO PRES AgIl AR B LRSS 1 /|SHER B 2 AR 1337

Table 12. Factors affecting airborne PM; s concentration

Dependent variable Independent variable B t-value p-value Rlﬁggie
Temperature 0.199 1.481 0.158
Relative humidity -0.142 -0.925 0.369
CO, -0.236 -1.672 0.114
Size of office space(m’)
m'<100 0.146 0.758 0.459
100<m'< 200 0.089 0.590 0.564
m'> 200 Reference group
Office location
In the workplace 0.165 1.192 0.251
Out of the workplace Reference group
Surrounding environment
Industrial Area 0.025 0.174 0.864
Non industrial area Reference group
Airborne PMy;s Office floor
concentration Ist floor 0.189 1.249 0.230 0.638
(ug/m) 2nd floor Reference group
Ventilation method
No ventilation -0.138 -0.886 0.389
Window ventilation 0.636 4.519 0.001
Door ventilation Reference group
Smoking status
Smoking -0.023 -0.155 0.879
Non-Smoking Reference group
Uniform
Yes -0.140 -0.962 0.350
No Reference group
Slipper
Yes -0.114 -0.768 0.454
No Reference group

Journal of Korean Society of Occupational and Environmental Hygiene, 2013: 23(4): 356-366

http://www.kiha.kr/



362 Holzh FEH, Tt

pg/m, m]EFE AFRLA] 3414 pg/m O 8 b 2hg AR
oA F=7t A Uebded SAA F9482 ¢l
CH(Table 11).

¥

3. 37|15 PV 50| Y&k 0|X|= R0l

A W E7] F PMasO] w0 GRS mAl=
2912 Srst] Slste] 2t B WAl 2%, £,
COZa /\]-—]?—/SE.! 3_7], %i]a _ZI"L_J‘%}B], %_)I:—a :__7]]:'0]—%3
ool GUE W AN Hgoli 7 WsE
EHHSR, PMysE SEHLRE AAso] o594
£A2 AAstgon YRy sl 45 cuus

2 ¥glsle] BAstgth(Table 12). 1 21t PMys &
=

=
I EE e dE4Y IS Ee
AA B, Aelg7]ete] 314, dols7]ef 24
of we} &L= (Maroni et al., 1995), A
k= AFE I7HQY] Es e 2 3554
A% JdEFE W] wigo] o= e o HE
2x|=x] Aekslr)= A oFth(Harrison, 1997). 1+
Ade AWs7dE AFHer 3T = e W
ol SR e AR, =8 Aol Als
7] L A=A ¢

A PTHMOEL, 2013a).

PMioZt PMose= th7| L@ EZ S 2l 2 FA
122 dHA 9lon Eat ofygt AYFrioE w2
FEFE T A} ESE YA A7)} FshE A
utat E2]4, 3shd EAdo] AR oL dx}e] =77}
22 A L4E A n|R]= F4do] Hslth= 4
T wet L ol Tk AErF 2] %Y
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bolf® B $A4¢, 250w, F9tw W 1
SUE Y= PM el et A7} AEs] Eol
o] Fo] A £FAHKSohn et al., 2006; Roh et al., 2007;
Lim et al.,, 2008; Son et al., 2008), PM,so] T3t =
9k Ao g Agolth Eah AslEAd
(Park, 2010), 2|3F3 ZKSohn et al., 2009) = c}oF
gk AEto] it AR o] RojFARE o] A
PMjooll =3t ¢lal U5 PMys9] s=of digh A+t
T AHE vE AANE 2 dide]l di7|ghd ol it
(Jeon, 2010).
AWFNA == PMasE 233 35
ZHRespirable particles)= HSFEELSI=4s, 0|9
o]
o

o

N £ 0 ol oo

i
% 5 o9 EEy FreE S
CH(Martonen et al.,, 1992). £3] AFEAo] AFYAF
EAet= A A A TAEE /7] B T
il =gE B3 o= Qlste] ARREA
PM,;59] &0

of i

skl

O AT ARA W PMs] wE9] 7|EE A
23.47 pg/m 2 et o, Lee(2006)7} X 113t 79.49
pg/m BTk e o g ik o] AlRAF
of wg AFMAY AHAT D FF 5 AL
Holl oJste] zpol7h MAYEE Ao whkEh E3
o] 1o A2 9Yo A 1THEZRE ofjojziol}
25719 7hsol glo] difi AAgrlo] ¢&Esta
USATE o= ZAMF Y] AEA 3ol TE AEE
At 7ol 24 J3FE vAlE Aer ARE
th PMpsof o3 ) A= A9 gl HAeR
Hlarof] ofgfzo] QUUth H&E AFthd th=xvt
FHolEL] A 2] PMys9] FE= Bk 24.02
~88.15 pg/m o0& H ALAIet tha FARE =5
< H Y rh(Yassin et al., 2012). §HH, AFREA 27 3
718 PM,59] 7]+ %X 100 m u]ylo] 39.52
pg/m, 100~200 m ®=|FFo] 22.69 pg/m, 200 m o]A}
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1.04 pg/m 02 AFEA 7|7} S48 rv}

flo
o,
ot
lo
14
Q
vl
<
o
=4
8
8
a
3
5
e
=
(™)
o =
9
rlo
e,

“’“—4 PMzs
Bt FEE 198 ig/m 2 A2 A7)0 AMRA
7.3 wg/mof vlsl EA e AdutE AaE 2l
ol R Aol & At AR Wioll A% A
2 I 3ol Aths A2 diFE Lt AR
A, ¥ ey SOl v dof
Fo2e2 g Uehd Zo 2 g
to W2 AHRA W 37] & PMas

E=w7b 109 v|vhe 2345 pg/m, 10
u|uke 2148 pg/m, 20 o]AS 26.20 g/
m EE L}E}kh:}. HE d&F =2717F o ARG
PMyo2] A7 AT = 34318 Roh et al.(2004)S 1
o|aH= 652 pg/m, 1dof|A] 3 Alo]= 48.5 pg/m, 3
o2 65.0 pg/m o2 A PMy e AEA
gho] S WA e ARt AR Aoz e
Wk 6&‘1, AR A F7] F PMas®| 75HE At
2 YA|F AFEA o] 33.93 pg/m & &
A gE AHFEA 0] 21.40 pg/m o HB =7
19]9] Qix=0] AU PM,s9| sk=of
Cao et al.(2005)] ATLZATE 7HetslH
Ao A WA EE £ 59 dATE AR PMes
o] ol tha 7]ofskal Sl AeR Hlh E3
ARRAS T e FEEH FEA Y Yo
QAT AHFEA O] PM2s9] F%(27.26 yg/m )7t FTHA]
o ofo] 9IX|TE AHEA O] F=(19.54 pg/m)e] H]3H
S Felr AL o= YA AV v=

A9t Jeong et al.(2007)0] =35t FHA A Y PMy
%=1(130.0 pg/m)7} Mo%x]oq W PMiy 5 5=(87.2 ng/
m)o] wls ki Erhe AFATL} FARE AFS
HAA o= 1EPX10U 785 ol 4%‘”—“—01 2
Yelo] 22 QT Y% Y wsF
AR PMsO] el 9FE FI Y Aai i
chE )

AR SIAE
PM;;59] 7] }Jé& %E% 1% AF21(28.53 g/m o]
23 ARFA(14 &
o= *}“’“4 AAE A5t # AFo=
Lee(2006)2] Aol A= PM,s9] %7} 2|
o AHRAC] B A vehd Aol fARE A

SR T

>
o

of o
ﬁl{
9|L
_9.
L

—cﬂl‘
> Q2

o
(1A
—1'1)" )
r_EL
%

219
i
_(?L
l‘:lJri

F_Lu ot

rlr m)~ 4o ]19,
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Helok ol2fgt
A s &
aFFe] T R &
el Ao Edﬁ} ghd, AFRA W 37
3 PMys HEE 4 5}
7} 101.02 pg/m = %M% SHA| o= -9(14.24 g/
m)et EUES N

At 1
2

sl st ol AR W AREALS] 91T A2
Z835lH o] A PMys

1996). D‘ruHMﬂb EH—‘?—%_'« 254 YAe]aL(Cooper,
1980), o]2|gt ool 2E5E Hof HFE o 73t
=383 2o 37]0]D4 E% 1 37=6~7m E=
o]5te] A7 o] i Ho|tH(Martonen et al., 1992).
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