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1-1. d7701Ee] I8

(PMi9) 9] AEF FXE 2000 Zdbo] H]sle] Atz o g 7H43te] 20170 A
47 pg/m'2 = 7)1 7)1 50 pg/m'S wHSE A 9l o), ZuAHA (PMys) 9] FE
26 pg/m'(2016W@)2 OECD 3= T 7F4 Y 4ol W& JATH(KEIL 2017).

O " AAX](PM, Particulate Matter)oll tak =Rl &Ql T o] Folx|ar Q). H]A|HXH]
7

O 53 97l 1om ol W AYAE RASE SWAE §Y w24 do 5o 55
A Ase Faeti, B4 FRoAE ALY FaE FESE Fo QA% F
Shtolul, F4 A4 o MAEA EWel 24F AE, A Fol FHS oA W=

[e]

o 2 A5 71, A, 13AY, A2, dA FAE S, #J9E, ODTS(Organic dust
toxic syndrome) T3 #L ZF v 2 JAH 574 HIS 7
(Cambra—Lopez et al., 2010).

nAHAE HA D IFAAE 4 G uHAHAFES g Ho v SEAL A A}
S5 HAES £ A AAE A7 87%9 H A A #HHol A= ¥avt 9Tt
w3 WX FE7F 300mg/m'e] EE FEoAE A JFgS Fu EAHOE 10mg/m
A Aol ol glok. ey WXl fral7t, WA 3 vAdE 5 e 89l
So] A3HAS A #HA A dEFS v Hoh

P fE
Fu = ARl Azuds s 9
(Sustainable Livestock) 5ol T3 AAF}AAS Q1A of s+ Al - o},

B AL FE L ATF(E, ) A% dAY e dBAMARNA, 2F )
BB, FHE)E 9

1% 8409 b5y R B4 AN Wk vARAY B8 S
WE AREAL B70) BF Jlelw Wk siA% ARR(E, 2D A% /1% neld
MARA wE SEE AR A 9T BAE B plAWAL HA R ATFE, ©

=2 ]
=
& ool A= 4F 2AE Ak g

el A g A

&=,

EAEREAL SE=AL HSEAD

=AF A2 OJMBHZ] 5=0] IHE AL AP £33
I 8 7IHE ¥t

7=/ SAF A2 OINHX| s=0 THE ALS
At EHESE Ol 7|HE E7)

AL Al € o] M| LY

== = ol EAL 2L 712 R AL AIE O EE 550
MEstxl SaIxte] BHE U 7| B}

£ 7= 4SESH U HA S =4

= =




1-2. 770 di3e] =9 A%

7h =9 e R AR @%

O "A™RA & 25 wBEY FAL A 55 2 wiSASs A 59
> H Hue] FAF MASES 20019 HFE A A H-e @Al Alo] o)
Ag ATet7] A F2 EAblA BAEE tde drledEde] By AR E A8k
712 A o] @R AW F8 T AvH(<E 1> Fx)
P 19980l =, 5d, @ HE dinta B/ 47] HEC] AREAYA TFEoR
FAP A B R = 7] 95D SR g 37 s JAlgtttE S A WA 32970

o
—1-
FAHE PO B,

i

b A FH B EALY o)E BW, FRAO) A SRS LATS &9 B 24 m
m 7 120 mg h™'m ™%, 2709 A% 1.3 mg m °7 150 mg h™'m™* (Takai 5, 1998), & Al
79 Hit o dhEe &do % 5.1 log(efu m )3 1.4 log(cfu h'm™ )& A5 A
a1, AN 2AEA AT (Seedorf &, 1998).

<E 1> F93 nFe] B4y vAEA 2 AR edude Br % WIS

mg/h/1pig mg/h/2m’
Mean Range Mean Range
TEX |8 Slats  91.84 - 123.44 - Takai et al., 1998
Litter 108.83 - 146.28 - Takai et al., 1998
288 0= Slats 990 - 13.31 - Takai et al., 1998
=23 Litter  10.65 - 14.31 - Takai et al, 1998
log(cfu/m’)/h/1pig log(cfu/m’)/h/2m’
Mean Range Mean Range
EaM=z 8 Slats  1.05 - 1.41 - Seedorf et al, 1998
28787 78 Slats  0.87 - 1.17 - Seedorf et al, 1998
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2> Quantitative Risk Assessment (QRA) &=

<3t

EEEES

g

1~6AMOt= 2
Ingestion(2.3x10°¢, 1.7x107), Dermal(1.5x10°,

1.2x107)

@

=

10

8l

risk

Cancer

>

Finnish Institute of

Dermal(1.55x107®)

Occupational Health

. Ingestion(1.2x10°®), - Priha et al. (2005)

(Finland)

Dermal(9.6x107)

c AsELEE(08,

)

6]
[=!

=]
=

» Hazard quotient(H]

0.09), M=E<=2(0.06, 0.005)

2ot /H|BHeF M O 437K HAPSO| ¢

FISHE 1x10°E 1t

=1 Je]
=0d

Department of Public Health, » 177§ HAPsZt

oo
Toill

mO
100

OFQIS = HI 1X1}

HIFO
=

» AcroleinO| H|

Oregan State University

- Tam and Neumann (2004)

mobile sourceZEH 7|0

2 HAPs=

Ql
=

>

(USA)
Research Centre for Urban

=0

=7t S SHM VOCsH =

HiO}
=0

F

Ol VOCsO| 2|3t

=2
=
1x10°8 =g

a

p TE

Environmental Technology and

7t 2E

Management, The Hong Kong

Polytechnic University

- Schuhmacher et al. (2004)

(Hong Kong)
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O mARA ] 2AY 4 3 7= BF7 59

Aurg o MAEAE o &

> o 27 (S04, NH4", NO;~, Na*, CI7, K*, Mg**, Ca®"),
7] 2 (Organic Carbon), ¥4 ¥4 (Elemental Carbon), 5% 55 ¥33ta = Ao
2 HauxEa a, 7z A S-S oe Aoi(<ad 2> ).

=
&

aL
7] ¥4 (Organic Carbon) : 34 & 3= biomass burning oA wWZ&, L2124 &=

rlr
o,
N
2
A
to
juies
0,

= U4 B4 (Elemental Carbon) @ %, #W. & &4 &l e x4 wi=.
= Soil @ Mg?*, Ca’" 5 ES7AEA 5)
= Unknown @ F5%, NSUYA 5 vlZFolAY, v+ st AY, 7]E &.

= Ammonium, Sulfate, Nitrate : $19%] Z=A] vj=<.

0 LUrderecwnn

| Soil

0 ArmimeCrndum

m Elemental Carbon
@ Organic Carbon
| i ate

0 Suifate

Concentration (ug/m3)
&

St. Paul ) Finneapolis ) Rochester
[(Harding) [(FPhillip=s])

<9 2> vz =AM wAHA 24 AR
(%A : http://www.pca.state.mn.us/artwork/indicators/0603—figure4.gif)
> AR ] JA mE A A4 2L A T 22 VHAE FAE I AT
(<29 3> #I=x).
= ) E ARUYA (2 BE7)
: Ca, Si, Al, Fe, K, Ti, Sr < & % B o]FH air massYS HoF
= 5 AR (F2 A E)
DB, SO4%T, NHyY, NOs~ ¢ Cd, Ph, Hg, Zn, As, Mn 59 5428 tj59
J

A heg Bl o F e 3 Ei @A AGelA] oo EANAA oA 0w YHH A
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°0lS HolE
= 3k 719 (2 AdYAD

tNa®, CI', Mg”" &2 dlth ZollA fad Ade Rols.

2.0
100 X
a / HL0\
g 15 EbE %0 fi A
a - _::.I. ; f r '\I \
= 10- Continental 2 604 7 o\
£ 5 \;"‘1‘ ﬂ ' £ .-'::;;1' 30%-, NO3 “
= : { i Marine 240 ) NHf Nt \\
s osh [
) ¥ e 104 7 oepoiads 4 N\
e .
0.0l—L L1 TR AN R AT MR I w11 s NWATIT| .|.:=-""_.‘.."_'_|.—._. - =
102 10" 100 10! 10° 0l di Gum) i
D (um)
<O E2 S{A7 (el FAtA 7| H[> <O| M &Xte| et =4 >
(ZX : Finlayson-Pitts and Pitts, 2000) (ZX : Friedlander, 2000)
<1 3> DIMBIXI YZY shE x4

. S Jle s R AR 8%

O WA|A 2 ¥4 WAR 24 A = 2 AEAF 44 39

b2 AT AAHNA 20043 %] AFA T EAE PFOR WA WAHE F
NedBAS by, AR, ABIPOR BRI R BE 2 WEASE
T A HEE TP JATH(KIim et al.,, 2008a; 2008b; 2008¢)(<3k 3> Fx).

<¥ 3> EAlA BAEE FegRdd U sE 2 EAS

£ 2 a7 Ay sk o WY
Jhast 27 Q2 L|Of 8 ppm 340 mg h'm™
—c == i) SeE 300 ppb 50 mg h'm™
= 3 a2
oIxtAr 2 SR REHX| 2 mg m 50 mg h''m
O] M HX| 0.6 mg m? 15 mg h'm™
MEA 27 SEFM 4 log(cfu m?) 1.3 log(cfu m3) h'm™
cETe =S SRR 3 log(cfu m3) 1.0 log(cfu m3) h'm™
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<E 4> B AT FPP AF AR A0 B9 4T A

A3 Z=x| AT e HH X
Assessment of airborne bacteria and fungi in = L0 {X|ot EALEL| R0 MHE HIO| Biosystems Engin
pig buildings in Korea 2002ZE (M= A A9 S TA (2008)
A§sociation between. pig activity and SAF QofOIRtO BYX| BEAZIO| ALRIA Australian Journ
environmental factors in pig confinement Z A} Environmental Agr
buildings - (2008)

Archives of Enviroi
Influence of extreme seasons on the airborne =THH 7|2 =H (JEM AE) o 2 =
of
a

pollutant levels in a confinement pig building At S7|2=Hel He mtet and Occupational
(2007)
Journal of Enviror

Quantification of ammonia and hydrogen EALOA UME|lE L2L|QL o403 Managemen
sulfide emitted from pig buildings in Korea & XA} anageme
(2008)

N . . o o =a _ Environmental Mo
Monitoring of aerial pollutants emitted from =L Y ZALE ot AL 37|2Y=

swine houses in Korea 2ol mLHE and Assessme
(2007)

Sulfuric odorous compounds emitted from EAIZREH YdE= SAZE AFEH S Atmospheric Envir
pig-feeding operations Yo} (2007)

Farmer and pig exposure to aerial EAILf ZI|PSXRo| ZAXI 9 EfX|Q| Transactions of the
contaminants in a pig confinement building LE 8 9 (2007)

Effect of ventilation rate on gradient of aerial 7|8 H30| 2 EAILY 27|2L¥EZE9|  Environmental Re

— = =

contaminants in the confinement pig building. &= B2} ZEA} (2005)
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ASSESSMENT OF KOREAN FARMER'S EXPOSTURE LEVEL TO DUST

IN PIG BUILIY

GS

i Youn Kim'. Han Jong Ko®, Yoon Shin Kim®. Chi Nyon Kim?

“Instimare of Envirommental snd Indusmial Medicine, Hanyang University, Seoul, Republic of Kores

*Grad School of £

, Eyoto L . Kyoro, Tapan

Instimte for Occupational Health, Colleze of Medicine, Yonset University. Republic of Koraa

Y. Ko HY, Kim: YS. Kim CN: A4

tract: The purpose of the

Al W
s i S e R M ke S
and mam

sment of Korean famser's exposuse level 1o

2 buildings, dmn 4gric Environ Aed 2008. 15. 81-167.

nssess Korsmn farmer’s sxposure Jevel 1o
imvestigating airborme Concectrations of tedal
in Korea wete

i 7ig Doiling befre e ead of the dail
farmer's bresthing zone. Mensurs

pear o the
daily work time (0900

" exposure level o diz

method

e, Hanvane Universiny, Seoud 133

E-muxil: kieyseuSzempal.com

Address for correspondence: F: Youn Eim. In:
o

In i it
tevel m the piz buildicgs of

total dust and kigher for resprrable dust based on the asea

situte of Industial and Environmenal
Fepublic of Forea.

Eey words: pig building, dust, Korean farmer, threshold limit valses.

INTRODUCTION

The current industry related to pis production in Korea
has become larger and more intensified in terms of =co-
nomics. Social concems for environmental impact on air
water and soil poliution grew along with the accelerated
srowth of the mdustry. Needless to zav, a e amount

of waste water and aerial cenfammants ems

=d fom piz
production can cause serious environmental problems,
which prompted the establishment of strict environmental
12gulations related to pig production [17, 351

Of the serial contaminants generated from pig build-
ing, particulate matters like dust play 2 role in not only

mdoer air quality but also causing an adverse

Racsived 25 Seprember 2006
Accepted:

m] Al A >

sz museezzase 99 (2008) 565572

Available at wavw.sciencedirest.com

—
=" ScienceDirect

joumal hons pags: T alesvisssom /lscats fiaen 15373110

Research Paper: SE—Structures and Environment

Assessment of airborne bacteria and fungi
in pig buildings in Korea

Ki Youn Kim®"*, Han Jong Ko", Hyeon Tae Kim®, chi Nyon Kim®, Yoon Shin Kim®
“Institute of Emrironmental and bidustrial Medicine, Hanyang University, 17 Haengdang-dong, Seongdong-gu, Seoul 133791,
Republic of Korea

B raduate Schoal of Agriculture, Kyats University, Kyata, Japan

“hstinute for Oaupational Health, Callage of Medicine, Yansel University, Republic of Korea

ARTICLE INFO

af bislegieal in a pig bullding can be detrimental 5 a farm
worker's healih through effests such as infection, allergy or toxicosis. The principal aim of
this field study was to deternine the and af
comaminants, Le. alborne bactetia and fungl, in the Aiffsrant types of pig bulldings in
Kerea 1o allow an objertive comparison with the sther countries in temms of pig howsing
types. Pig buildings in this research wers sslected using thres criteria such as manure
removal system, ventilation mede and the growth stage of the pigs. Measurements of the
comeentration and emission of total airborne bacteria and fungl in the pig buildings were
performed in 5 housing types and on 15 fams.

The concentrations of tetal airbems basteria and fungi in the pig buildings were
averaged to 413 logleluns™) and 118 log e m™), respectively, and ranged from 115 1o
1025 logifitm ) and fiom 0.8 to & 88 logifum Y, reepectively. The mean amissions of
total airberne bactena and fungl per pig (75kg in terms of livewsight) and area im?) from
i bl dings wers 0.9% lagefu b~ pig ") and .73 loglefu h—* pig~7 and 132 logifuh " m?)
and .95 logiefuh—* m?), rspactvely.

The pig building with a deeplitter bed system showed the highest emissions of tetal
airborme bastera and fung (pe6.0%). However, the emissions o f tstal airbarne bactaria and
Fungi from the cther pig buildings were not significantly differant. This study showsed that
the mean concentrations of total aimorms bacteria and fungi in pig bullding sinatsd in
Kerea were gensrally lower than these in sther countriess. The mean smisions of total
airbome bacteria and fungl in the pig buildings shewed litls differences between Kerea
and other 1 was that the and af total
airbome bacteria and fungi wers relatively higher in the pig buildings which are managed
with deep-littar bed systsms and those ventilatsd nawrally than other pig housing types.

© 2007 1AL Published by Dsevier Ltd All rights reserved.
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1. Introduction production have besn mised continuously in Koma. fs &
r=sult, most pig farm managers in Korea have difficulties in
Social related ta and ke=ping up with much governmsntsl regulations which ars

industrial hygiene caussd by the opsmtion of intensive pif  imposed to prevent environmental contamination.
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2. ATLIH L 48 MH W +W U8

2-1. % 5%

O "ARA e o3 715 £FE Jifd5 L Frprls A
> vjAEA el o7 THE FEE da £d A
> s Thae wAHAR Qe AFFAL B
P A wFo] WE 715 A 9 A

to
2
N
.}
olr
oX,
S
Ho
of
=
oX,
o
N
N

2-2. @7 ME AN 5=
O Fad7IRd(H A7 =)

» s x ek Zha (", 2d)e] mARA R I AASA $F e s B
O g7 12 (@=ESAtsa)
b vlARA el o7 ThE £ v £ 24 2 @ AT "L

O #=71# (dgdieta)
> AT 2T 7S ST AFAF Test—bed Al T A

2-3. @7 9 A4 H W&

D mARAd 9% 74 539 A9 B9 24

O A i - 2 A FAL} AdAE 719 E(keyword) &2 ‘= (or)" 2 2838}
e T3 AA Alo]E(sciencedirect, Pubmed, Riss 5)E =& 7

P A 1Y = vl AAX] (fine dust, PMjy), 2] A™H A (ultrafine dust, PMs5),

7} (livestock), A (pig T=+E swine), P (chicken X3+ poultry),

(damage), ¥ 7}(evaluation =+ assessment)

1-1) vAAA 7} A5 5= A7 9 F7}

[e}

e variability: A systematic review and meta—analysis based on controlled anima
| studies, 256].

O & A7 254l tet mAAAe] et otgdate] Jrs
= Zefo] oA (ROFA)E 74431 A9 & shgiet.
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01}4

L —{o{'

o x]_tﬂ-

9 FFto] AP 0 & YERE NOD 79 EF 710 F9dshs 2e® o] Fo A
AYHS o 5

L 7)E OFSAIA 24A1%F ojlell HH ] S-S AN TE As
W3t Ferraro et al, (2015) Air particulate matter exacerbates lung response

on Sjogren's Syndrome animals, 67(2): 125—131].

B AT Aueu ) B9e Agate] PMys Zol o)a] f2E mAE £
2 UYEAS PIATh PMosol wBE AlLuA S mEEA Qe Tenn
B EE mesh Tred AA2e) U g 43S Byl w3 A9 nepol

>

B A AF A ol Aluka=7} T A A3 T Rhee et al, (2019) Assessment of hair
cell damage and developmental toxicity after fine particulate matter 2.5um (PM

»5) exposure using zebrafish (Danio rerio) models, 126].

O & A& as®e] B2 oM WEs = nAATL #7Fe] TEdS o5
71 Aol had A5-2 s ARA(PM) 9] F8 eFd9S vl At
w717k 2ol o= FHo Al delEY] HEdSs dovle 5 H7] Al dFe

= ©
A AR HEE. AR A BAHeR il 4Y el Xrop -

mbient levels of particles emitted by traffic worsens emphysema in mice, 109
(5): 544—5511].

O # A7 97 B 550 9 QA mB8 F23 947 479 A28
GEH Aol& FrAYUTh £ AN hiEE T GFOE TAL W, 4o

e whA A5 db2 o 2 W B QT Yoshizaki et al, (2017) The effects of parti
culate matter on inflammation of respiratory system: Differences between male
and female, 586, 284—295].

= S

3, A FelFZlo] A =g By 2 <l
S 1 7159 A&7F et Zheng et al, (2014) Exposure to ambi
ent particulate matter Induces a NASH—like phenotype and impairs hepatic gluc

ose metabolism in an animal model, 58(1): 148—154].

O & Av= As detwd] di7]dA Fshs 2 AEA(PMes) & A =&
AA sk dao] gs) sk Behee] PMes S w2 U2 1 =
o fAbebaL T2 Ak, fr1es, vhE Ho“?}é—%ﬁh*@r Pb, Al, Zn 59| ¢
oAt wmE:d Ao AgEA e A v A3 s v A2 A
1] ] Z}
o

485 7kl /\}a‘r‘:

Assessment for Air Pollutants: Alterations in Lung and Cardlac Gene Expressio
n in Mice Exposed to Milano Winter Fine Particulate Matter (PMa.5), 9(10)].
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O & dAe 94 T AFA7F 20 A A (PMes)oll 59 =91 A0S W ZAHPT
B) & 4l T AAFT(LBW)S frdtst=AE Ao 2w Al Aol =

g, AL S, Si, K, Ca 5ol 3o ATt A3 23 2uAAd =28 A=
PTB, LBW7} 2 AR R Blote] 24 ASols G2 WA FkHBlum et
al, (2017) Exposure to Ambient Particulate Matter during Specific Gestational

Periods Produces Adverse Obstetric Consequences in Mice, 125(5)].

+ PM.s® +8 F7
O

0%
2
=2
o
N
Ir
OiL
o%
lo
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N
)
o
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@
=
okt —
S

n)
}ll_(‘
i)
32
i)
)
e
ol
o
X
e
:(?L_',
2
ac)
=
2,
kr
m{

Ma.s exposure suppresses dendritic maturation in subgranular zone in aged rats,
32(1): 50-57].

O & 97+ FAE Aoz A A9 olF Fds dotst slew A 37t
Adt, WA QA= g FAt A E HAE B SAkA F7Fe QIS FH O R T
7] SES E3) o] sstiA Al AR o 3ty slstE ) i nAES 1A
FHe F&ste] &R 7 S-S Halskal ok o= mAARA 9] wFo] 7159
371 T AdH o A fFEE S 8o R A8 F USS A FE
A Ayel & 4 i Mostafa, (2012) Air—polluted with particulate matters

7} &Rk g7

O & A+ U AUA(PM2s)d =24 B 3uds 87 93 vl= FA4F
Al B A A 9S o R FREAT. Aol A Y PMasollA ke, dAked,
G, F71Ea7 22 A 2ES AL, B Si, Alo] Bo] £EH =
AE 4 5 JATE FH ZA] A Ho= 23 o2 E (FAHYE, Ak, dEE) 2
A4 BAE (DA &) FA7F A4 AS5HJT. £33 A8t Bol aE A
A G A= PMaset vl&F 54 (Fe, Pb, Zn)9] X7} =olA] ti7] Aol v A= 9
ko] Z AL BT Kundu & Stone, (2014) Composition and sources of fin

e particulate matter across urban and rural sites in the Midwestern United State
s, 16(6): 1360—13701.

O & AFE T At 1552 By U592 PMas 2 PMio2] 8484 x40
i3l AT PM,so] it F71'E4(0C, 34.1%), YA4wA(EC, 11.9
6%), T84 0] 2(18.22%), DA2(27.73%) ©1JaL, PMio2] 4% 0C(28.48%), E
C(8.59%), &4 ©]2(14.17%), 94(33.36%)2 AL <15t th. PM2s$ PM
108 OC/EC H1&<& 747} 2.99%, 3.3% % ECY AT &o] %t} ECE Edd o
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42 AT, 0CE 13 #7182(P00)% 23 §718H2(S00) 2.2 §4 50| F
A B Zs At A] A3 WEE T S AAFTH Hao et al, (2019) Chemical
Composition of Particulate Matter from Traffic Emissions in a Road Tunnel in
Xi'an, China, 19: 234—246].

O & A7+ 5ol A 80km Holxl 22 kg F 3ol A v AR JAH(PMe.s, P

R s A A HE A ] Z3tEo] & WEA(endotoxin) =S FH 3}
Atk A Ay A-rg 540 2bel7t vk Aol W AT 2~4dl= W
2 FLTF SkAIRE, 5~64<l 21 A 7F 2~40 %7}5—}%:1;}_ o] 5~649dl 23}
1% 4 itk e AT
A FAbel WS4 FEE T AR £3 EUR S50, PMeel h5a 5
T v AYAF Bob oF 108 =t [ Heinrich et al, (2003) Endotoxin in fine (PM
2.5) and coarse (PMaz.s—10) particle mass of ambient aerosols. A temporo—spatia
1 analysis, 3659—3667].

ot
N
_1
N
)
>
G
S,
H
oZ
i
lo,
oX,
o
é
o2
¥ otk
L o
AN
N
mlo
fot
0]

. EAF A

O & A FANA A= vAdA dx=27] 2 24 qrEshr] el X3
ek FAR] mAIEAE 90% F7]1ER o] FolA Ao, =AM wlEEH = o
HE2 A o3 Ao w FHAnt. AFo] oF 0.65msl 22 YA A= SO42
~9) 2xF Al sk S, 0, C7F Bk, A= AEdHA 71de A &
(C,H, O, N, P, S)oldth (<19 1> #Z)[Cambra—Lépez et al, (2010) Airborn
e particulate matter from livestock production systems: A review of an air pollu
tion problem, 158(1): 1—-17].

Sector PM2.5 PM5 PM10 = PMI10

Pigs 8-12% 4-14% 40-45% 55%

Broilers 9% - 58% 42%

Laying hens 3% - 33% 67%

Cattle - 17% - -

<a® 1> F4b Aol BEE F F 2
HAE B

O ¥ AP WA HGEA D A AR SARE Gosl &
31, =% 73k A A (PMio, PMas) o 55 BEUHE AT F A B
T odEYolY sETF i 2V AIHA(PMes) BT PR (PM1o) & E7F 52
Ao g FAHAH(<2d 2> 3 x). =T H]"ﬂ‘ﬂxlg =AW 2P A A (PMa.s)

lo
e
b
BN
ox
il
ME
1z
QL
32
mlo

A7} TR e &5 A5, C, Si, P,
N, Zn, Mg, Na, Fe, Ca 22 gL o= i{— T2 BExel AR A FE
U Flojr ddg daz BEE ARt dgo] He Aoz F5E AT Shen

et al, (2019) Distribution and physicochemical properties of particulate matter

ﬂ!ﬂr
O

in swine confinement barns, 250: 746—753].
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o~ 354 ok

.E 304 L] Nursery barn

E, 25- I Fattening barn

= 20+

o 154

E 104+ % =

£ 1.0

g 0.8

§ 0.6

14

£ 0.2+

= 0.0
B o ~7 ]
& Q\}.\ Q@{ \gb

<9 2> AEAH(Nursery room) <}
H] &= AF(Fattening room)oll A =7 3

MAMA %GR} FE R

O B ATE FAIA MESE 95 4R LIS sotd AoR B4 A, &

Abe] QUHA A ek Felel 2 um YA MEHA. ¥ FEe] grLo}

N THA kst Aol wRHUL. G 2 Sl AF FHolNA 2u
(e}

o

o °F

9 ol

gk ‘Rl%q\ﬂr[Lammel et al, (2004) Aerosols Emitted from a Livestock Farm in
Southern Germany, 154: 313—330].

O & A+ E7 A AldolA miE5 nAA e =S A4 Frhe A
2 27 574 nAAx(PM)s=E AAL 9 =Abe) nls] A4 o

ZALE Q. BEAF o] Hi PMio %5 0.082+0.059mg/m' (B E7]), 0.048
+0.058mg/m (YA E7])o] ¢, B3t PMas 5= 0.012+0.016mg/m' (H ,
0.01240.035mg/m' (FAE7]) o] ATk, EA A st v A A = 217k Z5o
ofgl] WA Aol HS &3 Bl 9= Aol A wjEH T Adell et al, (2012) Parti

culate matter concentrations and emissions in rabbit farms, 20: 1—20].

E :
2 m
N

= AT ARRHAALeE 1 TR YA gE 57 JollA] PMesd MES 5k
064 FES S A@AA Gl A S E B 0C X
m'¥} 3.26~3.47ug/m o] AT TR JellA F ek H|Fo] 0.67S %
SOC(22F 71 84) o] A it AHA ot o= WF PMaso T8 &w9do] 7}
i AbRelA st ow, F=¥ PMase 22k 7] B f7] m A A (PM) ol A
FTFEH NS AAFYLI et al, (2013) Organic and elemental carbon in atmosp

heric fine particulate matter in an animal agriculture intensive area in north caro

rr
X
L
N
N @
ﬂ
=
o
~

lina: estimation of secondary organic carbon concentrations, 7—18].

1=-3) WAEA & S FadAt mgel wE 7h5e A B AW oA Bt

O =y stdo] w=d 20161 75 & FHAEok 2rAlHA] S ZES 20.34
Eow A LA 58%2 XA glon, 231 A uAHA ATEA wEH
L 356K Eo g A wrAlEFe] 12.1%° Aoz urorw ¢},
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2) MARA 2 #E 84 Feidate FAF R Vo= @7 97t

2—1) A+ W

7F A% A
O 54 &
> AR o HEA
— " AHAZ] (PM1o), 2V AHA(PM2s), 712 (Oranic carbon; OC), ¢
4 ¥ (Elementary carbon; EC)
> }g%f;}/\c} goﬂﬂﬂ
— ZH-5-A+(Total airborne bacteria), %+ (Total airborne fungi)
P It o HEA
1

— S F713F=(TVOCs), Y HOoKNHs), &3kra(HeS), o]ikahea(CO2)

> =AF 97, AEAR, M S EAL
— =2} e &dy BExAa wae] =8 A8y =AF
— AR R AEAH1005F), Bl SEAHG0F)
> AL €7], AbEAIAL, SAAL
— AAAL FH R AR R
P EEA 9 STAI2E A o] Ao A F], 10~125F ] °F 1,0005 A
— SAAF FH R AR PR
» 92 AE(winch—curtain) & ©]-&3F 2FA37] W2l o] 47 ZH7) o] AL
&, 4579 F 5009 A

O =4 A7
b oAEA SO o REF(ES, HE, B ol we i
b =Absl el dlel ow SR 7 534 =4
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¥ PR LEEA(MAEA) S A Wg BF AX)
= FAY] Fol vie o= RE 30cmét 150cm YAl Alm A H.

2. AHA ] AF 0.3 um® JAF=EAo thste] 99% ol 7] TFES e
o A& ARG, HIAACTE SollA 24A13F o] Hykate] FuF A7 o AL

3. ZF Alg AFH YAl 1-30L/mine= o] AAE air sampler(No. 800519,
Gilian == KMS—4100)& AAsto] FAIE =& 7|50l 27, & 6413F ol 24,

4. AR S = BA
O AT IA(A2017-11%5) A 7] T "AEA(PM1o) S8HHA wet 54

faol 2ot o wE wAA 54 volH e BAS AAsglaL, 4849

Ax e et 2

o
0

_|_,ON

It
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Qave : }\]JEJ-iH%7]Z_]:9] %ﬁ’%%(L/mm)
Q  AEAF AE A % (L/min)
o

@, AEANFH TE A9 (L/min)

> AHE T Ryl ge AS wEg
_ Ql}[l(i >< T
10

VAT w1 29 (m)

» AFH3 F7)= 20 wha) 25T, 1719 A2 WA o] AT}
T(zs“c) P,
V o atm = V>< X “es ()\] 3)
(25T, atm) T2 P(latm) B

Vo AAR AFHE 7 A ] 5
T, » 71AE AAY o] 2% (K)
Pyt 71AE AFHT we] 79k (atm)

b (4 3)el S8l #] F MAMAY FEES Fah

(W= W)= (B, — B))

Cc= - (A 4)
I/’(25"C,1atm)
C: 37 = "AHA 9 &% (mg/m')
Wy, @ A 5 o3A] FA (mg)
W, - AE A o] FA (mg)
B, : A8 A vlEAIE o 72 FA (mg)
B, XY F vFAIE oA FA (ng)
Viosc tam) - BB AF 71 F3(m)
¥ AEY QAEA(FRAT € BHAA) S 9

1A= el B AlEd A7e A7) 98] ol8d AuE 1 Arie A4S

2] (one—stage viable particulate cascade impactor, Model 10—800 Andersen Inc, USA)Z
A

2. AE THL B

3 28, 4, 9% &4 =3
weh 120~150cm sFololl A 5 7F g¢k A& 201 HAeR FUIE A
3. vt #RIE wiXE SA Aulel st ¥ AlnE AHAT F g5 AAp oft
e WAE el AN FA APAE AeHEFoR WS Bt ¥ AAAE
el vAdE 2AAE £l



4. F-f At BAS A v A S AAsH7] $18 cycloheximide 500mge] 3
7bel A& WA Trypticase Soy Agar (TSA) (Lot 3087230, Becton Dickinson and
Company, USA), - a2 whof= Algte] A4S oA87] 98] chloramphenicol
100mge] H7FdE 24§ viA] Sabourand Dextrose Agar (SDA) (Lot 5111476, Becton
Dickinson and Company, USA)&Z AA

5. MY 20 i A B& Ao BF 35~37C ZUstelA HA FAo] o=
7HAl 1 70] 48A1FFo. R sl 2443 @R 2] A E #F

6. T Al o) sk 2w Aol viFE fE (colony) F
ZF(m?) o2 Uir cfu/m®e] &9 2 2=

il

AR A B

% @9 54 24 A4
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£ 4. 2 A7 &89 WAWUA T FVILFEEDY 5AH

54 &= A EAFH ]
AAIZE BUHY ]
o (Dustmate)
A -
A2

Area air sampler
(KMS—4100)

HAEA | AR el

—PTFE filter(37mm, ), (SKC Inc,
USA)

(PM1o Al & —MSA air pump, (Zefon, USA)
&PMa.s) —PMio sampler
—PTFE filter(37mm, 5um), (SKC Inc,
el USA)
Al & —MSA air pump, (Zefon, USA)
—PM..5 sampler
—PVC filter(37mm, 5¢m), (SKC Inc,
el USA)
A& | —Aluminum Cyclone, (SKC Inc, USA)
—MSA air pump, (Zefon, USA)
Al ot . TSA(Tryptic Soy Agar) @ F-A+&
& e SDAC(Sabouraud dextrose agar
RIS +Chlormpenicol) : Ff2 &

ofy
ME ol
12 ox

IC(Ion Chromatography)

ICP(Induced Couple Plasma)

A

)
du
|\
— o

N
St
Ay
ol
N

s

i at's

=4

b %o It
N

Gray wolf
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gt mARAE 3 Ao 4 FaldAEe SAF HE Vo= A=
O =AF 2 AL 9719 W59 s & Halsto] HAF o= RE A E = mAd
A (PMyp) 2 #d 874 F3lAAE2] SAF Ultol 7|o8ts AEg (4] 5)& A &3to] &3]
Atk
 FAE U 7)o e Ak w2
> X100 .- 4 5
A+B
= A FAF YR mAEA 2 g 8 feldAEe] 54 dd v
B i FAF 5o vlAEA 9 Bd 87 feAAAEe] 54 A FE
2-2) d72%
7t A
O 2% & AUF=
b 2o AFEe A AEAbA £ ARY w H 185TC, 79.5%,
HE drd u HF 18.27TC, 80.9%, Ui o]de] drd w HF 23.0C9 81.2%=% =
AERJQIL, BFEAAME 5 dEAd w Ht 14.6C, 49.0%, BE oARd W Fr
15.2C, 42.3%, W o9 dnd w Hy 18.1TC, 44.3% = SAHEAL 3H 9] 7]d
M g dRd o FF 11.8C, 52.8%, B% R o HF 12.1C, 53.4%, Y& ]
ol o B w H 10.2C, 41.2%% SAHTFJAH<E 5> FH=F).
E 5. =AF 7] H UF 2FE
X > =S
H] A A R =AF €171 A=A} H| & EA}
AE 5 (BEEETHAD) | (BHrEEAx3D) | (FFEEE8AD
Lol =(C) 10.2(£3.1) | 23.0(£2.7) | 18.1(%2.2)
(PM1o &%
81ug/m o) FHE=(%) 41.2(£7.3) 81.2(£11.7) 44.3(£8.6)
2 25(C) 12.1(£3.4) | 18.2(£1.9) | 15.2(£2.8)
(PMio &%
31~80ug/m') S5 E=(%) 53.4(£6.6) 80.9(£13.0) 42.3(£7.2)
T 25(TC) 11.8(+3.5) 18.5(£2.9) 14.6(£1.9)
(PM1o &%
0~30ug/m') BEE(%) 52.8(£9.1) 79.5(+10.8) 49.0(+6.4)
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O HAHA](PMyo)

| I = )

— AR SN = 718H ] B AEA(PM,) % dE 5 (33
T dojzmEop)o wEF “FE(0~30ug/m')”, “HE(31~80ug/m')”, Ui o] (8 lug/m:’
1’4oz FEste] @ Hrbe FaEATh v AIAA (PMio) o] A5 AEARIA F
|2 o 975ug/m', BE oBA wf 1,463ug/m’, WE oo oEY u 1,660ug/mi
WA o R SAHHJL, HFEAAE 5 B Y w 754ug/m’, BE R Y wf 967
pg/m', W o]/l olmd w 1,108ug/m=E FHAH R ZSHHATE =AF Ul A= F
& drEd w 268ug/m', H-E XY wf 363pg/m, LHE o]t oEY uw 342ug/m'=
HaAog ALY <Y 10> <3 6> X)),

e _lle

W

o

2

> =AF W Ve SH
— AL MAMA(PMio)7F =AF el 7|38k Bt 52 AsAbollA
AEY W 21.1%, BGE JHY uf 19.8%, L o] drd uf 17.0%= eI,
H] EAbME £S5 dRY u 25.7%, BHE B w 27.3%, Y4B ol ond
23.6%= A=EH AT

X 6. =AF P AHAA] (PMio)

EAF R %
AARA | EAb 97 AEA} W4 EA) ; ;; f)&
du BT | BELEERN) | (BT | BEEEEDD o | s A
HE ol
, 342(£127) 1,660(£352) 1,108(£286) 17.0 23.6
(81ug/m' ©]7d)
HE
363(£231) 1,463(£420) 967(£321) 19.8 27.3
(31~80ug/m')
Z= O
A 268(£186) 975(£369) 754(£247) 21.1 25.7
(0~30ug/m’)

_26_



< H] EAl>

<AFE=A}> =
<™ 10> =AF ARA(PMy) 88 574 s

O Z1ARA (PM25)

— ZUARA SN = 7174 e v AEA(PMy) %= dE SH (=7

T oojmelop)ol wel “FL(0~30pg/m')”, “‘HE(31~80ug/m’)”, “L}Ero]ld(81ug/m'
o) o2 FEste] a4 HIrE FASSY. 2 AWA (PMes)d -5 ApEAbe A £
) 406pg/m’, B% AR Y uwl 592ug/m’, U o)At oH U uw] 613ug/m =

duAow SAEJIL, vHFEAIAE 5 dREY W 263py/m', BE EY o 518
pg/m', VR o] o B wf 669ug/mE HAoR SAHHJNT =AF gl E HAt
Hog E£L drEY W 124pg/m’, HE oEY ] 228ug/m’, L} o]Ate] oH Y uf 291
pg/m= SAZEJTH<1Y 11> <% 7> Zx).

b EA R SlolE S
W

- A9 ZUW] A (PMa.s)7F =AF UlFholl 7]oebs Fat 52 AEARe A
Fo drd u 23.1%, BE AR w 26.2%, & ol drd uw 32.2%2 LER
a1, B S EAL A= S 1 d u 31.6%, HE dEY W 30.1%, Y8 o]Ae] ond
u 30.5%= 2F&E 5 AT,
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FE 7. A 2 HHA] (PMe.5)

EAF IR BE
AAEx | EA} 8l AEA} W24 ; (jg; o
e 3 - . === . — =z s ol 0
o
v 291(£83) 613(£206) 669(+187) 32.2 30.5
(81pg/m ©]7)
HE
228(+92) 592(+183) 518(£143) 26.2 30.1
(31~80ug/m')
=9O
o 124(£77) 406(+135) 263(+64) 23.1 31.6
(0~30ug/m’)

<v] §EAL> 4 =
<79 11> B4} 20404 (PM,) 88 54 24

O Z=3FA+(Total airborne bacteria)
P A T S
— FRFAT SHAAME 7134 v WA (PM) % odB 55 (3=187H
ooz eloh)e wel “F5(0~30pg/m)”, “HEF(31~80xg/m')”, “LHEo]/(81ug/m'
04 =

° A% F7FE AT A=A B S5 drd w 7,563CFU/
m, BE o2 uw 5821CFU/m', Y o]de] oxd w 5672CFU/mE HFHo=z =
AHAAL, HEEAME £S5 drd uf 7915CFU/m, 2% o1 v 6,124CFU/m,
L o) Ake] drd u) 6,723CFU/mME Hydoz ZHFHUL =AF 9UdME E&
o B w 438CFU/m', HE drY w 492CFU/m’, & o]4e] o1 u] 581CFU/m’
2 FaHoR SAFJH(<E 8> Fx).
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Fo AEANA 2L o
, o wl 7.8%, L} o]4te] oHY w] 9.3%= eI, HSE
A= B ARY 0 52%, BT EY w 7.4%, JB o9 R w 8.0%=

>
=
=
$
=2
~
£
ol
O
rlr
o,
=Y
-

X 8. EA} &84 (Total airborne bacteria)

g A 97 A=A H] &= A} EAF W E H
o o | (BEEEFERD) | (FEEEEEAD | (FFEEEURD 71 A%=(%)
° " | (@$1:CFU/m) | (@1:CFU/m) | (&$1:CFU/m) | AHEAL | M1 EAL

o o)Ak
H ol 581(£106) | 5,672(£584) | 6,726(£588) 9.3 8.0
(81ug/m' o))

HE

492(£117) | 5,821(£493) | 6,124(£709) 7.8 7.4

(31~80pug/m')

= O

N 438(£146) | 7,563(£757) | 7,915(£822) 5.5 5.2
(0~30p¢g/m')

O % 17+ (Total airborne fungi)

[e)
Fi2 SAA = 7173349 mMAEA(PMy) 5% oH 53 (=374
of wz} “E5(0~30pg/m')”, “HE(31~80ug/m')”, “LFo]AH(81ug/m'
& 7 FRHSATH<IH 12> F=). A=A A9 £5 9
B o 6,701CFU/m’, H%E o®nd ] 5916CFU/m', U} o]Ao oud uj 5073CFU/
= g er 549, HSEAAE 5 dBY w 5,148CFU/m, B A5

8

u 5,232CFU/m’, WU o]Ate] orn e u 5812CFU/m= HFdozw ALl =A}
A7l ME £S5 B uw 496CFU/m’, B% oBY o] 422CFU/m’, Y& o]4e] o B
¢ ] 348CFU/MZE HHA o2 ZAHLATH<HE 9> %),

P =AF UH Ve 59

— Ao FHEFHAo] EAF YFof 7ot B T AAEAA £S5 4

A w 6.7%, L ol drd w 6.4%=2 JEbga, HSE
8.8%, H& oHd o 7.5%, Ui o] drd u 57%=
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£ 9. A X533 (Total airborne fungi)

e =AF €17 ALEA} H| FEA} EAF U E B
o o | (BEEEEER) | (FEEETED) | (BB 71 %= (%)
o™ ($:CFU/m') | (&9:CFU/m') | (F$):CFU/m’) | A=A | HISEAL
h:1: A}
s el 348(+78) 5,073(£711) | 5,812(£503) 6.4 5.7
(81ug/m' ©]7)
HE
422(+126) | 5,916(£546) | 5,232(£620) 6.7 7.5
(31~80ug/m')
=9o
©" 496(+181) | 6,701(£483) | 5,148(+643) 6.6 8.8
(0~30ug/m")

<=A} 97]> <A EA}> <H) A
<8 12> EAF 2 RoAHY ReAF dR =4 vk

A=A SAAAME 714 P AHA(PMy) §% dE 5
’EL ?}33?}73%1?} ofojzeglop)oll mwet “F5(0~30ug/m)”, “HF(31~80ug/m')”, “L}Eo]
)Ter et @3 BUbE skl

131E(TVOCs) 9] AF AF=AMAA E£2 XA w 1684ug/
m, % JRd u 1,699ug/m', B o]l o B w 1,821ug/mZ HAH4HoR S5
R, HIFEARNA = F5 o o 1,194pg/m', B B wf 1,203ug/m', L ©]%
o omd w 1411pg/m=E HHA o2 SAHHJT. =AF 7oA £S5 4RI H
447pg/m', BG R uj 431ug/m U o] de] didd of 621ug/m=E S = AT

— YEUYok(NHa) 9 B¢ A=Al A F5 drd o 1. 13ppm HE ond
o 1.37ppm W o]Ae] oH Uﬂ 1.82ppmo.2 HAH o7 ZHES H] 5= Aol A
= £S5 9ud v 1.41ppm, B%E XY uw 1.63ppm, L& ]9 Oﬂi%l W 1.62ppm
oz HuHoer SAHNY A gl E E5 EY w 0.12ppm, B AR 7
0.29ppm, Y o]d9] R uw 0.41ppmo2 FAHF AL

— F3FA(HLS)Y A5 A=AblA 5 dRY v 0.12ppm, BE EYA
o] 018ppm W oo oEd ) 0.31ppme®E P Ao R FAHEAIL, H|S=Abol A
= =5 dHYd v 0.18ppm, XE oEY uw 0.08ppm, L} o] odHA u 0.22ppm
o7 HWaHom SAHIIY. =AF YUdAE F5 dEY W BHE BT R o
0.01ppm, W# o]/de] odrd uf 0.05ppmo =2 4= AT}
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W 979ppm, HE o H Y
%éﬂy&l H] 5= Aol A
dHd uw 522ppmS
312ppm, HE oH I uj
or<el W 352ppmO= Zﬂlﬂ ATH(<19 13>3 <3 10>

— O] AR A (CO2) 9 9 AEAAA E5
wl 735ppm, U ool dlBd wl 928ppmo . FHEH O
v 5 dHY W 326ppm, HE oHY o 412pp EREETRPIPN
2 gEdor =AY =AF QU)o =& o1
289ppm, W o]

=).

Hi S5 ¢
I gk FIEAA 7 AE(TVOCs) 2] AS AEA A £S5 oHd o 21.0%, B
drd w 20.2%, U ol drHd uw 254%= ]%E]‘/\/\—L H| S =AM & E

°

[gu
o
O

o 27.2%,
F(NHs) <] ¢] 7

HE ord o 26. 4%

35 A=Al N £

S dxHd w 9.8%,

U o]Alo] o B W 30.6%% AFEY YT
HE oArd o 18.2%, 1

%
5
o
Cl):]l—
o] Ato] ]1-101 o 18.6%= ‘/]‘E}MI_Y H S EAL e 28 a1l o 7.9% BE o
2 ) 15.3%, U o] dRrd u 204%2 AU F3FFa(H9)9 B A
EAFe A %% duel u 7ldE= g Ao eI, BE dBd u 530 U
olAte]l g H e uw 13.9%% YElgon H|SEAAME £L& dHY u JdErt glE
Ao® ey, BE dud u 11.1%, L2 o]ae] «5el o 185%% A&H)
O] AFBIEF A (CO5) 0] A9 AEAf M £S a1 W 24.20%, BE 1w u 28.2%, U
woolao] R w 27.5%% JERGEI, HSEAE £ ond ] 48.9%, RE
AR wW 41.2%, U ool olnd © 40.3%2 AEHA.
¥ 10. EA} 28 7t 09ER
mAEx | *E“EQM AR [EEEL [EA g A
go oo | TAIF g | ow | @R 714 = (%)
tREEA) | £¥FEAD) | £¥FEAD) | AEAF | HIEEAL
e ol TVOCs(ug/m') | 621(£78) | 1,821(£234) | 1,411(406) | 25.4 30.6
(PMyo =5 NHs(ppm) | 0.41(£0.12) | 1.82(+0.74) | 1.62(20.37) | 18.6 20.4
S Lug/m o|A) H.S(ppm) | 0.05(£0.02) | 0.31(30.08) | 0.22(+0.09) | 13.9 18.5
CO2(ppm) | 352(£31) | 928(%233) | 522(£94) | 27.5 10 3
us TVOCs(ug/m') | 431(£54) | 1,699(£427) | 1,203(£309) | 20.2 26.4
P NHs(ppm) | 0.20(30.08) | 1.37(30.38) | 1.63(£042) | 18.2 15.3
21— 80me/m) H.S(ppm) | 0.01(+0.02) | 0.18(0.05) | 0.08(30.02) | 5.3 11.1
CO2(ppm) | 289(£51) | 735(£110) | 412(£93) | 28.2 41.2
=0 TVOCs(ug/m') | 447(£81) | 1,684(£351) | 1,194(#255) | 21.0 97.9
(PMTTOE%E NHs(ppm) | 012(+0.08) | 113(+024) | 141(+039) | 9.8 7.9
0~30ue/m) |25 (ppm) BAZ | 0124005 | 0.18(20.09) | — -
CO2(ppm) | 312(£44) | 979(£127) | 326(£41) | 24.2 48.9
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<Z=Ab 97]> <ZA}FEA}>
<Y 13> A F8 kA o9

O 7184 (Organic carbon; OC)9} 4 %24 (Elementary carbon; EC)

| B9l YQaetao] SHAME 74
4] MAEA(PMy) &% dXE SR (=34 dojs of we “F5(0~30us/
m)”, “HE(31~80ug/m')”, ‘Yol (81lug/m o) o= FEste] dF HUME el
Rk e el AT A AEAtel A E5 B W 213pg/m et 40.1pg/m’, K
S R o) 410pg/m' et 127pg/m', W o] B ol 492ug/m' e} 136pg/m' = Lt
o7 ZAHEYIL, HEEANME £ Bd w 192ug/m' e} 52.7ug/m', BE B
u 282ug/m'e} 61.4pg/m', B o]/ B wf 331ug/m'T} 80.2ug/m'E FHAOE F
AEAT. =AF 7= B w27 Fo B Y o 3.6pg/m' I 0.8ug/m', HE ok
A W 24.7pg/m' e} 14.5pg/m', LHE o]Fe] ol B W 31.3pg/m' ¥} 33.4ug/m'E SA =S
tH(<1y 14>9F <& 11> #=x).

== O
=)

B W g 2

- 94%14 7] ekA o 27F E=AF Ul 7ot 3 T2 AEAL
oA & oHY uf 1.4% 2.0%, HE oK uf 55%9 10.5%, L o]Ale] o H
o 6.0%9 20.3%=% Ugon, H|S A}oﬂﬁt £ drd o 1.6% 1.6%, BE ox

A w 7.9%% 18.9%, L olAte] g R W 8.6%% 29.2%% A= 9T}
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E 11, SAF #7194(00) 8 A=A (EC)

~a
Wlo|] V¥ o @ o] ©
,__.mw_o%or.& O IS R I
N
iy
E
A P
A7_.,TA_1_0. CH T BT A s )
) 1_,_A|6 S v S || o
- =32 3228
A o) — ap] [N} [aN] —
TR B S NS A S|
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— WS NI TSN
- H| » =) o0 — o)) o
M»| ® | N| © |=]| ©
. azlalalelals
.AJﬂ_L._l % m AZ_.. % M.M
we G A F 5| E
KTHS 82|52 S
HSs| & [T 5 || =
~ @2l a a2l =
| © — © o~ — o
M%,@&,ﬂ\_&&i H
T P s e I R
] Hon| & || - |n| ©
ol O |o|l O |o] O
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e 2w W W || W
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<H| S E=A}>

<A}EAL>

7] g2 9}

=AE 271>
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o
T

4}

<19 14>

=AW E

>

=4 = A7 24 vEks
2= =z
T =

B HgEATL AEAR
9] Bl A

-

A, vgEAe] FRoh grd e AEARY 27

A

C=A, A=A W ool A€

()]
2R

B

AR s AZfol7E

of wh&

=]
S

A

w3

2o H% A

Jo 917] )
Fol7b AT & Qlek A, AEA
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HAth ol AEAF Uil 48 eTIedEdEY F
7]

mZol el FelA fFAE= 71Tt oA es v e

=]
P 29} AdFEe Ae AEAAA FS dRd w Pt 17.3Tef
741%, BE drd uw it 16.4C9 68.3%, L} o4 orY H 19.6C9
57.2% % ZA%EJaL, SAANAE £S5 B w Ht 194Ce 71.2%, BE ownd
l F 19.1C9 66.1%, Y8 ol drd w H 21.3C 61.7%2 FAHEAL
A Q7)o ME £ dHY uw H 109Ce 41.6%, BT ord uf H 11.8C¢
50.6%, U2 o]t i w Ht 18.2TC ¢ 37.3% = SAHYJAH(<HE 12> FX).

£ 12. A/ 97 R RF 25%

v A A %] 2x gm AAL 9]7] AL A A} S A AL

dy 53 B K (BE+EFHA)) | (FFEEZARD) | (BFEEFHRD

Lol e (0) 18.2(+4.6) 19.6(+6.1) 21.3(£4.2)

(PM,o %

81ug/m oA FE=(%) 37.3(%£9.1) | 57.2(%14.2) | 61.7(%£11.5)
HE 2% (C) 11.8(+2.8) 16.4(£3.1) 19.1(+4.3)

(PMio &%

31~80ug/m’) Fi 5 =(%) 50.6(£9.3) 68.3(£18.1) | 66.1(£14.4)
Fw 2% (C) 10.9(+2.7) 17.3(+4.8) 19.4(+3.8)

(PMio 5%

0~30ue/m') BHEE(%) 41.6(£11.2) | 74.1(x16.1) | 71.2(£19.1)

O HAHA](PMy0)

S H]—xg lr:l,:_ é?q_

— " AR (PM1o) o] -5 Ab&AALlA £ |2 w 882ug/m', HF o
B wf 711pg/m, W o] 4] oH Y W 554ug/m'E Jéi“* 2 SAHAL, FAAR
Me Fo drEd W 2371wy/m, BE oAEA wf 1,179ug/m', W o] B u
901pg/m = Bt Aoz SAHHAY. AAL 7|l s F5 dEY wf 58.3ug/m, BEF o
B w 94.2pg/m', WHE oo drd w 124pg/mE B HoR SAHEJA(<IH
15>9} <x# 13> 3=x).

l

> AA W 7o SH

— A8 P AEA(PMo)7F AALE ol 7otk Hib g5 AbgAlALol A
£S5 qdEY v 6.2%, BE dHY 0 11.7%, U} ol dr<d uw] 18.3%% YEY
al, SAA M E £ AR o 24%, BE AR u 7.4%, L} ool o u
121% = 4F== 3o
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F 13. A WA—EA (PMi1o)

AAF JE 3
aAEa | A 2] AaAA A ]; Oj*;; (7‘;&
A 5F | (BELEERD) | BTEEERN) | BEEEEDD goan | e an
U ol
124(+36.1) 554(+£108) 901(£236) 18.3 12.1
(81ug/m' °]2)
&=
B8 94.2(£24.3) 711(£214) 1,179(%561) 11.7 7.4
(31~80ug/m')
Zz 0o
o 58.3(£17.8) 882(£317) 2,371(£783) 6.2 2.4
(0~30pug/m’)

<AkeHp AL >
<3 15> AX WARAPM,) 8% 54 2&

O Zv] AW A (PMy.5)

> A = 59

— ZVAREA(PMz5) 9] BF- AAdAAIA F5 dED w 123pg/m, BE
qrA w 204pg/m', HE o] Ard o 201ug/m2 HgHow SAHHAIL, FAA
M= F5 AL W 474pg/m', Bg JEA wf 686ug/m, L o] o] o Ed wf 624
pg/mz B or SHEJG. AL 7l s BdHer £ Rd W 24.6p8/m,
BHE o w 46.1pg/m, W o] R W 835uy/mE SAHEAR(<IH 16>

I} <HE 14> Fx).
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> A UF Vs 59

— A9l U AUA(PMas)7F AXF Ulell 7]t Bt 5 AFEAAN
A FS ARG o 16.7%, BT dEY W 18.4%, W o]d drY W 29.4%=
Ebar, SAA I E £ dEd o 4.9%, BE AR o 6.3%, B oA drd

o 11.8%= A% 9},

E 14. AAL =9 AHA (PM2s)

A A LR Ty
AARA | A s | aeAs 274 o
a 0
A BF | CATEEERAD) | REERERD) | REERED g | e
T oy
83.5(+£27.3) | 201(£67.2) | 624(+£106) 29.4 11.8
(81ug/m' ©]%)
HE
46.1(£14.2) | 204(£46.5) | 686(£211) 18.4 6.3
(31~80ug/m')
=9o
N 24.6(£8.8) | 123(£24.6) | 477(+£186) 16.7 4.9
(0~30p¢g/m')

<AFEAAL>
<% 16> AAF ZuAEA(PM,s) 8 54 25

O Z=X-FA+(Total airborne bacteria)

— A AALY A S oY u 5130CFU/m', BE oHB uf 4,265CFU/
4,293CFU/m2 AdH oz FAEAL, SAANME £
drd uw 8192CFU/m', HE JoxHd w 6,351CFU/m’, Y ojAo] oud uj
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5,845CFU/m' 2 Bt Aoz ZAHA AAL 27]dME F5 o8 v 404CFU/M, B
T o®e w 427CFU/m', W o]4ke] o] wW) 693CFU/mE BA oz Z3w )
(<2 17>3 <& 15> FF).

> AAF W 7= S

- A9 FHFAre] A Wl ZlodteE Har T AFSAARIA F3
ARA w 7.3%, BE dRHY w] 9.1%, W} o] B uf 13.9%% UEGAL, &7
AP M= 5 dABY W 4.7%, RS dRY u 6.3%, U o]d odrd u 10.6%=
ﬂ—ﬁ‘ﬂ}\}\q.

E 15. AAF XA (Total airborne bacteria)

) A5 AL €7 S A AL SA A} AAL W H
., | (CBELEFEX) | (HEEEREA) | (BFEESHAD 719 %=(%)
oﬂE‘ o H . 3 . 3 . 3 }\]— (o]
(2$1:CFU/m') | (&$1:CFU/m') | (&$:CFU/m’) | A=A | SAA
5] &)
R 693(+168) 4,293(+869) | 5,845(£755) 13.9 10.6
(81pg/m' ©]7)
HE
427(+151) 4,265(+910) | 6,351(£905) 9.1 6.3
(31~80ug/m')
= O
Ea 404(+94) 5,130(£761) | 8,192(£814) 7.3 4.7
(0~30pug/m’)
o= 17+ (Total airborne fungi)
p A T S
— AAAAY HS =L grd wf 2,675CFU/m, BE oxYd w 1,469CFU/

m, U olate] drd uw 1,500CFU/m=Z HaHow SAHEJ, FAAAE =5
R w 4524CFU/m', HE dHY o 2247CFU/m', Wi o] o o
3,508CFU/mZ HH o g =AYt AAL 7]dAE £& oud o 351CFU/m’, X
% odrd uw 318CFU/m', U o]Ate] dnd w 492CFU/m=Z Hd oz ZHH )
(<3 16> Fx).

=9

ol AAL Yol Z]ojskE Hat S ARRHAARA F
B | 11.6%, B oB Y | 17.8%, WHF o]/ drd o 24.7%= YERaL, &
AA A= F5 oHY o 72%, RS dEA o 12.4%, Y} o] oY uj
12.3% = 2F== 3o

> AlAE Wi 714
A

T
.
= B O
- A9 FRH
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¥ 16. AA} 57527 (Total airborne fungi)

Al AR} &7 FBAA 74 AN WE A
o o | (BEEEEER) | (FEEETED) | (BB 71 = (%)
°" | (¥91:CFU/m) | (HS1:CFU/m') | (2$):CFU/m) | A@AA | SAAL
B ¥
el 492(£231) | 1,500(£762) | 3,508(£726) | 24.7 12.3
(81ug/m' o))
=
B 318(£116) 1,469(£509) 2,247(%£420) 17.8 12.4
(31~80pg/m’)
=z 9o
M 351(£173) 2,675(+611) 4,524(+516) 11.6 7.2
(0~30ug/m’")

<A 97> <AeH A Ab>
<19 16> AAF & BAET Redd @

- T8 7t 2dEA S E 713 vAEA(PMy) = ddE 5
F(FBATE oojmob)e] wet “FJ(0~30ug/m)”, “H-E(31~80ug/m')”, “LhEo]
F(81ug/m' o)) o= FiEste] @4 HUHE TSt

— AL F718E(TVOCs) o] -5 AbeAAboll A E5 olBd wf 1,433u8
/m, BE B uf 1,067ug/m', WHE o] dEY uf 947ug/mE P Ao R SAHE
NI, FAA A= 5 B o 3,078ug/m’, HE oH Y wf 1,609¢g/m’, Y o] d<]
o Wl 1,595ug/m'E P Ao 2 SAEJT. AAF Y7dAME 5 B wf 460us
/m', e oHd wf 438ug/m', UHE o] ] B w 512ug/m= SA AT

— R Uok(NHs) o ¢ ASAA A E5 oHY W 13.6ppm, HE oH
A o] 7.16ppm Y o]4e] R u] 2.89ppmO R HHH o R SAHEJL, SAAFA
= =2 JdHY v 25.6ppm, EET dHY w 16.9ppm, W o] oH < u] 3.70ppm
o= HgHoR ZAHLYE AL UM E Fo dRY W 0.82ppm, BE R o
0.76ppm, W o]’e] drd wf 0.51ppmo 2 A =Y.

- S (He9)9 4-F ArdAALA F5 oKBd o 1.30ppm, HE i
o] W 0.67ppm, & o)A o|HY w 0.33ppmlE WA OoR ZAHEI, SA AN
Ae F9 dEY W 2.25ppm, EE B w 1.13ppm, WEF oA oEY o
0.51ppmo.& HH oz ZAFHUAT. A 7)dME £2 dEY uw 0.06ppm, HE
d B w 0.08ppm, W ©]de] B Y w 0.06ppmoZE =7 U}

— O|AFs A (CO2) o A AFdAALl A E5 dBEYD v 1,172ppm, EE
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1B w 639ppm, L o]4o] olH A w 412ppmoE P HOoR F
e W 1,859ppm, RHE

869ppm .= By A om FAZHATH AL Q7N = F
o] Aol drd w 307ppmlE SAHUH (<Y 17>7 <F

=<
= =g dRd

2 u 312ppm,

17> %),

R

> A Aol S0

- 95 Fa 7}
T3 718k (TVOCs) 9
LR o]l oxHd w 35.1%%2 YERSAL, SAARIA = ?3
L}% o] Ae] o1 W 24.3%Z AFEE Y

HE oHY u 9.6%, b}
15w 3.1%,
o} 23l (H.S)9 7
olate]l drY UH 15.4% =

o3

HE ond of 29.1%,
B uw 13.0%,
A oH(NHs) <] 7
B ol e ord u11 15.0%= YEwa, I‘,‘ﬁ]/\}oﬂ}q
d U ool dRY uw 12.1%2 AEHS
ol B uf 4.4%,

u) 4.3%,
Aboll A E 5

b}E}MJﬂ% FAAAN A = T
Y o 10.8%%2 A=H
21.6%, B odRY uf 32.8%,

2op QQBAE] A W el Bt

A A ALl A

HE drd o 21.4%,
o A A oA E

q]im

=
[e)
35

& drd 9 5.7%,

- ZF O
- TTD

HE oK1 o 10.7%,
|2 o) 2.6%,
o] Ak} EF2A (CO32) 9
[REL

o] 983ppm,

]/}BH
HE oJEY uf 6.6%,
3

o] o] B ul 42.7%% ERS

L].EH_

T3 dEd

gE AL, FAAN

o] <]

ALEHA AL A =S

=
)

c,gﬂy‘o] Lﬂ]
|2 o 323ppm, EE 9

HE 9
o ek

oo o
SERI
3, SAMAE

S R uf 14.8%, RE R u 24.1%, U2 o] KB W 26.1%= A&
bl
¥ 17. AAF F8 7124 o F9EA
ARSI | ARAN | SAR | AN AT B
H A H = N } B B .
= 53 5 (B (B (Bd 719 5(%)
Oﬂﬁ_ o H =S =AYV E =1 A} 9
+RZEHRD) | £2 2D | +x3ZExp) | A—RAAL | SAA
S ol TVOCs(pg/m') | 512(+93) | 947(£175) | 1,595(3%) |  35.1 24.3
(PM“ ;:: NHs(ppm) | 0.51(3024) | 2.89(4062) | 3.70(x081) | 15.0 12.1
o /“j ;’];) H>S(ppm) | 0.06(20.04) | 0.33(0.14) | 0.50(#0.13) | 15.4 10.8
m S
1 CO»(ppm) | 307(£63) | 412(£142) | 869(£113) | 427 26.1
- TVOCs(pg/m') | 438(+38) | 1,067(438) | 1,609(1512) | 29.1 21.4
ol ° NHs(ppm) | 0.76(20.13) | 7.16(£1.22) | 16.9(+L16) 9.6 4.3
o F= H.S(ppm) | 0.08(0.04) | 0.67(x016) | 1.13(#033) | 10.7 6.6
31~80ug/m')
CO.(ppm) | 312(£74) | 639(£135) | 983(£142) | 32.8 24.1
o TVOCs(ug/m') | 460(+59) | 1,433(H®) | 3.078(6H) | 24.3 13.0
(PMT‘“ NHs(ppm) | 0.82(10.09) | 13.6(£3.18) | 25.6(17.42) 5.7 3.1
o S H>S(ppm) | 0.06(20.03) | 1.30(20.45) | 2.25(+0.81) 4.4 2.6
0~30pg/m’)
CO.(ppm) | 323(£71) | 1,172(+3%21) | 1,859(+432) |  21.6 14.8
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<A 97>
<ad 17> A 78 7 29

O 171

boua E ST

el

m;; )v’

Arh. F71gne

=

4 (Organic carbon; OC)9} £

<A AAL>

=2 A =4

A 2%+ (Elementary carbon; EC)

- (0~30ug/

o ZAelME 714

— AEAE FASE T2 AR Frlesst dreks
AR (PM) F% dX 3 (@t84d 3 odojmgoh)e] wet “E
“HE(31~80ug/m)”, ‘Lol d(8lug/m o))" om TRl AR HUE S8}
VAT A9 AFgAA oA £5 olBY W 491mg/m' 2} 949mg/m’,
L o] o] oy

HE o B u 202mg/m 9} 198mg/m3
ZAQE AL, SAANAE E5 )
L o] o] onY o
| 52
o

#How

d uw) 288mg/m'2} 326mg/m’,
SAEAT. AAL 7= Hit s
L o]/ o B

H

202mg/m’'e} 198mg/m’,
(<29 18> <3 18> %+

=),

> A W e S

| 5

u 113mg/m'?} 142mg/m' 2
1,387mg/m'2} 1,258mg/m’, HE o K
323mg/m'¥} 146mg/m'= H A o=
A w 491mg/m'¥} 949mg/nr,
a

BE d

142mg/m' ¥} 113mg/m' = =A% A

— 59 fUIetAhe} AaeATE AAF HFol 7|odsts Hd e AHE
Aol S R W 65%9 4.2%, BE AR uw 13.4%9 16.5%, L} o]4e] 4
B u 17.3%9 23.6%=% o, SAANAE 28 R u 2.4%9 3.2%, HE
drEd w 9.8%29 10.7%, L} ojAte] oK uf 8.4%% 19.2% = AFEE AT},
¥ 18. AA} F7154(0C) 2 94284 (EC)
A AL A A S- Al A A H 3
o A — AAE €71 Ltzﬂ } S A AL AAF N5 HA
qu S (/) €l (A (B 719 %(%)
° " TRFHRD | TREWAD | kRFERP | ADAL | FAA
U ol | 97181 22(00) | 29.6(47.6) | 142(470.3) | 323(+51.1) | 17.3 8.4
(PM,o 5%
3 Y 2E2(EC) | 34.8(H39) | 113(£316) | 146(£83.7) 23.6 19.2
81ug/m' ©]7)
B 714 (0C) | 31.3(£8.1) | 202(+42.7) | 288(£39.2) 13.4 9.8
(PM A=4
0 HAAEA(EC) | 39.1(£9.4) | 198(4384) | 326(+61.3) 16.5 10.7
31~80ug/m')
Fo 714 (0C) | 34.1(£8.7) | 491(491.3) | 1,387(+4121) 6.5 2.4
(PM =4
10T A ERA(EC) | AL6(HLY) | 949(+149) 1.258(+351) | 4.2 3.9
0~30ug/m')
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=
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&=
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Exs
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#AEtAE)
15.0 7 —
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L &o} AAA 2. B& = 3.4 B oulA | 4 AEE FE 5. HA<F =4

= =

Aot
L1, #HAd |2 10]AZRwE |31 4% & 79 4.1, wghE 5.1. Salimetric
A (> 1g) m ( EIA 7]1E

22 ME =% 3.2. H| = H] 4.2, 3|4 5.2. 450nmol A
(7d, 22—-24 (8 z (30 rpm % Microplate %=
) ‘ 24 AIZH) 71E A3}

OD &=

<Ad 22> 715 ° FEE S48

3—=2) A+ A}

O Ao mARA(PM) &5 ol e FFH SLE|E(cortisol) 4 ¥ 3}

> A
<% 23> FAF F AR s FE(UE o)A, BE, 90 mE H A (K=
FAMFE) Y] A ZHE v WsE BT v A% A A3, A9 mAvA s
7F LR o] A (81ug/m' o))"l el A= §A/MIS =] AS- A2 Hat 92.3(£15.1)ug/
ml e} 54.3(£8.7)ug/ml, “HE(31~80pug/m)" Foll= 75.6(£17.3)pg/mle} 61.2(£12.4)pg/
ml, fé— (0 SOug/m)”J o= 84.1(£11.6)pg/ml ¢} 55.7(£10.9)pg/mlE EFH T

AR Q)5 mARA] S el BAgle]l HA/MIS SR A
ARA s e A A

al
FHE o] A A= FAMSE BT SAH R FolehA] @kt (p>0.05).
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120

100
80
L]
5 i T |
=
40
20
0
H2| 0| MEHA s LM H2| OJM B s He| OB s
Olzhs1pg/m O] &h)" "H £ (31~80pg/ m’)" "= 2 (0~30ug/ m)"

RIS mQ4/HISE
<17 23> EA} 9 HAIEA] B Sl thE s (e SA/HSE) o) Hy) ZEE Fw us)

> o
<Y 24> AA} F9 nAHA] FE FE(UE o)A HE E£5) wE (a9
AN ZEy ZEF T H3tE HoFa . d e
woo]AH(81ug/m ©]AF)"el o= AlEkAIY} SAY AHG- 7Jr74 H 92.4(+19.1)pg/ml 9F
74.8(+£12.3)pg/ml, “HE(31~80ug/m')’d o= 1 +14.5)pg/m 9} 82.3(£9.2)ug/ml,
“Z8(0~30ug/m)"el o= 89.7(£16.3)pg/ml & 75.1 1.3 )ug/mlg— e T}
B BA Aol ZAZHH AL o F- vlAHA] 5= ol IAIgle] SART A %74]91
AU ZEEF g7 8oz =931, A1 Ao FASHAl AL 95 vlHA
=3 o] AA U ZEE 3R] AwAe AdAet A BF BYF BAH 0w
&kt (p>0.05).
140
120
100

&80

yg/ me

60

a0

20

0
He| DM HA sELtE He OMHA s& 22| OMHA| sE
Ol&h(s1pg/m’ O] &f)" » = (31780ug/ m')" “Z Z{0~30ug/ m')"
mARZHA m 2
<I¥ 24> AAF - v AR A] T e iE (kIS SA) 9 Zlhd ZEE w5 W)
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> _ﬂil
Webel (1997) A& Aol ojstdl SAFFo] Fol=s= Aol dA] 2EHA 228 F
E]Z(Cortisol)©] oA Al HWH FAFS JOjdo=z &4 ¥+ Sl
e 2EYE S EREE 2EYA Hald iE A7
AA 7150 mARE EAA e A4E a1 9tk (Groot et al., 2001; Roussel et al., 2004;
Ott, 2005). 53] 2~Eg e ©& W7 sA st & AW 744 S7ket 28 2~Ef
29t W7 Ewste] el g ATt HEAHoe= &Ear drt (Elenkov and
Chrousos, 1999). S A7} ~Ee| =9} 2H2 9§ Aol o/ 52 18 /ol thaEstr] 9
af AUAE ABaks ol sh=d =AY AAEA 14A7F &5S Al&star F21
(adrenal gland)ol A o3 Y] (epinephrine), =23 Y| (norepinephrine), 2~H Zo]|=
(steroid) A9l T 20| FH¥=d FEEFLS A 3o ZH|H & HHZoEA T2&
o7 2EY S T2 oY Aol oW 7t 7|we] do WrEo] Wolx|al A A ox miuky
T Fo] WA, 7)o o s it}
AT B T A )l BonAE A e U o), BE, E30 #ARll H
aE= =
Bl

i\
S
N
3
> g

~

:\QFP?

2 e} ghol A = se7F A Hém%(reference value; 25pg/ml ~125ug/ml) Qhol] B
gr=o] ghol A mAHAIZE A WREE FAH o THSA T 2B Aes A9 8l
Ao pohEnt, kA=A o A5 %g/u] ERrh= gEo] AulAoz AAU FEE
7b A e ol o5 mAlRIA| o] o] ofd tE o2 E8H ]l @A ajlEdl

) A el H A L 222 YA2 ded Aok 4adn, £ gl B4
2 % 57 A ek ol R 9 9% v
o FFgurks Mfﬂ o AREA AGAL HARCE Aol A cage)d] FHAA A
WAV A Ao W 2Ed s 93 Aoz FPRLL

N o 2 of i M

O A9l wAMAN(PM,) §% Fol e 752 gikd wst

» 20204 % Covid 19 7Y galo g ol Aukzel Ale] % o] 915 o] Covid
19 7241 vrAl o] A o] 2019 %0 H|&] 2020 9] HlAHA] B ==} G243 A
7142 2lg B4 B EelE

> meb 2019959} 20209 R g ow A% A% Ado] FaE Aok st
=

> HS A B A A AR EHZLOJ 45 wRbE, ol § 74 &, PSY, MSY,
F

b IARA S dolEle] AT Qs AAT ALAG BB AT A
S A S 201095 20204 0] AR F FA L 1Y 24 5 JTH R w4
WA A FEo] B G (1~69) ARE 245

> 2019d=9 2020028 MAEA s FEol e ThE AL Axd st

;3
®
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= 70 tfj = 8 ofr
1 30 £ 130 |
i__ 65 TH z__ 75 :';
5 20 & = 20 o =
10 55 10 &5
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2 E (%) —OA ] Pm10) 00 E5EE)  —OTHEPM)
A=) (o] o) S [e) [e]
<uAHA vs EukE> <H WA vs o] F SAHE>
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¢ N \/\ o g - \/\ N
S0 F 2w i
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1 30 n | 30 in
z__ 5 = z__ 5 =
= 20 0 = 20 0
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] 10 ] bli]
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HE 57 BT HE 57 EE-
m— psy(S) e T P SV =D E|pm1n)
<H AW A] vs PSY> <mAAA vs MSY>
70 40 70 80
50 35 50 75
s 30 s 70
E \/\ L £ Lo
% a0 B % an =
5 oW 2 & B
1 30 = -] 30 ad
i__ 5= E—_ 55 I
= 20 0 T ® 50
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