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Exposure Assessment of Dust and

Airbome Microorganisms among Workers in a Clothing Shopping Center

Sung Eop Oh - Ki Youn Kim’

Department of Industrial Health, Catholic University of Pusan

ABSTRACT

Objectives: The purpose of this study is to assess the exposure level to dust and airborne microorganisms among employed
workers in a clothing shopping center.

Materials and Methods: On-site investigation of a clothing shopping center was performed between October and November 2012.
The hazardous substances measured in this study are particulate matter(Total dust, respirable dust) and airborne microorganisms
(Total airborne bacteria, total airborne fungi).

Results: The highest geometric mean levels of particulate matter(total dust, respirable dust) for personal sampling were
1.735(SD:0.883) mg/m’ for total dust and 0.0711(SD:0.008) mg/m’ for respirable dust, respectively. Those for area sampling were
0.625(SD:0.091) mg/m’' for total dust and 0.0718(SD:0.012) mg/m’ for respirable dust, respectively. The highest geometric
averaged concentrations of airborne microorganisms(Total airborne bacteria, total airborne fungi) were detected at 1,181(SD:105)
cfu/m’ for total airborne bacteria and 683(SD:114) cfu/m’ for total airborne fungi, respectively. Concentrations of particulate
matters and airborne microorganism in clothes shopping center did not correlate significantly with environmental factors such as
temperature or relative humidity.

Conclusions: Exposure levelshave not been established for service workers. Thus, health risk assessment for this group is very
difficult. Health guidelines for service workers should be established as soon as possible.

Key words: airborne microorganisms, clothing shopping center, respirable dust, total dust

LN B A F71egdel ofg At 430ute] ddtvti

ot s-ejuebrl 2ehE Aeg ek A oolA Aol o

dAcfele] A AUALS AA FEARe] o 7]edH *ELH tH712°§.°§ AT APE2 242} 1.67

80-90%% Apx|ote, ool whel A Fikel HAd  EiEk W, 1629l Wom HIEGITH(Wang et al,
of gt @47} SH=EaL ITHKim et al., 2008). X 2015)

AR SEATI} WL
Aol we

R

Jem, 1 F

=13
=

Ao el thEol 414 of T8
ZAsoFt SR 167) FES gao A4

*Corresponding author: Ki Youn Kim. Tel: 051-510-0635. E-mail: kky@cup.ac.kr

Department of Industrial Health, Catholic University of Pusan, 57 Oryundae-ro Geumjeoung-gu, Pusan 609-7

Received: February 25, 2015, Revised: May 26, 2015, Accepted: June 12, 2015

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial
License(http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in

any medium, provided the original work is properly cited.



o
e
ol
ol
o)
2
i
o
ol
o)
H1
Ju
ol
2L

thgol §AI AT Bl i
=4 09B Q] w29 918 /1A B
FEtH(Wang et al., 2015).
Be 371098 F e 2 waek) 7}
£ nAEA Y A A HoE we P
o, 4o wet AA iAol Skt
whet 25 1m olhe) wlAIHA ol Tt
A Qlok Z2of FAlo| =57 v B A A]
S 2 bioaerosolS A5t 7
2 2 T 9 A W 3
(Koh et al., 2012). 37| 9&
HA A A2, HE s 2
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o2 QIR SHeA F5, ¥
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oAM= o7 /Y AUsE dder ¥
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& Kim, 1997; Lim & Kim, 2005; Kim, 2006; Jung,
2006; Jung et al., 2007; Kim et al., 2008; Lee et al.,
2010), o7 £PAES hAOR AT AT Al

o

re
2 4 rr o
i) i o

]

2 0

o o2
o2
of\
iz
o

(¢}

>

=
o I

rlo
fol
hor v
N
i
re

]

559

o o ne

o

N e T ok

St ot P o

) lo

_1-% HU _m ﬂ-1>_"4 l'm ;lg
= oo ® e d
Lo b E e Dok RIORI o

~
off
>

ol
o
offt

o

£ ous Agolth e o% agAEA 2
e DRASES YO F/1eGR gt =
2 2 WA FY A7 AF wud g
ohomebd B e Bae S oF aBAle
g 2RAE YR oF Al oo wEuol
2o Aoz FHHE BA 59 Ay ogRa
3 oRe AE B BEAH LGEU wF 5F
2 @Y B1E Fof sobsha, o] TS b
FAAHEE W HE)ste] FuY FrHE AN
£ Aot}

Journal of Korean Society of Occupational and Environmental Hygiene, 2015: 25(2): 194-201

2
=
0z

ol
=
o
=
B~
ﬂilﬂl
oX,
_O|L

iul
i
1o
&l
B
ol
x
o
lo Hu
f on P
o
ol
oft
o <
B,
o MR

=2

32 rH

0o
—_ B
i |o

o
u
2
2

= Ol)l’
[
D)
ol
S
u
R ofw
fll
)
rir
2
a0
o

30 i

oS
32
o
x 2

oo
[\
ol
A=)

2 v S
SoR oJojA= A

olefof] WrpE F24 542 gl
Aol F 16712 37|12 Ax,

g 2

1

it
32 l‘-—'\1 I i
Ml
=
ik}
o)
o
i)

fu)
N
o [

el= |
AT
DEAZRS F 89| ZRATL ©7(09:00~18:00),
23(13:00~22:00) A|ZFHR LHRo] Al |8}
o, TEFHEE g W 4 9 "ol He, 9
FAE 5 «AoR 95t Hrh ZEA9
AL =SS wotelr] 98 2012 100 A 11
4 Apole] 717 9 fsdT U MY W Ao
A= L LA 13A~2F 84| Afolo] SAES
A A8 Tt

o -
5

]_

K

[

@

Ne)
[l

rd
-
i

2. 5 H EM U

B2 AL ANAARY AGAR HHE Y]
of +RH ek NI E= 2 vt B 2HAAHE]
TF7] Wt 30 emofl o AE AA|sRe] SAE,
A Az A5 2 5o T& AolA vigo s
B 1 m "olzl Aol & dAst S45H
t}

& BAAR 34 49 474 37 mm 49 PV
o]} 2|(PVC membrane Filter, Envex, U.S.A)7} A&}
39 FPES 20 LEe] 3oz AAE 2714
=2 ZF7](SKC XR5000, SKC Inc, U.S.A)o] A3}
o] 6AI7t o] A4S AT 54 EXlE &
At 772 PVC STAE 20| E (Zefon 37 mm
Alu Cyclone, ZEFON, U.S.A)o] #2alste] o] AL 2.4
L/Ze fer A4E 7= 371l 45t
o 6AIZF ol ZHE AN AR A T 5

(@)

http://www.kiha.kr/



196 =24 - 27|

Table 1. Analysis condition of airborne bacteria and fungi

. Incubation
Media Temperature Period
Airborne bacteria Trypticase Soy Agar(TSA)
- Including cycloheximide 500 mg 37T 1~2 days
- Lot 2087730, Becton Dickinson and Company, USA
Airborne fungi Malt Extract Agar(MEA)
- Including chloramphenicol 100 mg 20~25T 3~5 days

- Lot 3111376, Becton-Dickinson and Company, USA

Aek T s AR E2Fol AREE HHl= 283
¢/min® 2 FiFo] A 17 #AFE7I(Buck
Bio-Culture, Andersen, USA)S 1, AHH F-7 Al
T A2 HjF AL Table 13} g}

ey = wiAjell F49% F2H(Colony)S A3 gk
of AFd $71FHm)CR U= ¥ils S F
A1 A4 H%(CFUM)E UeRf et A
A olFanAEY BhARE Lot AsEs
OIATIEZ AL A (SATO R-704, SATO Inc, Japan)&
olg3te] Az A 71t B 33 Sk,

3. Al=2e| BN
SAS package(SAS/Stat 9.1, SAS Institute Inc., Cary,
A7}

pun
B JCREERER

5 mdEY & Aol=
(ANOVA), 217 IAN2/5=)7ke] A
AbkEL A W (Pearson's correlation test) S %]-8-5}o]

AR Fo4E AFAA

rr

o

Q2 4
oft > r®

1. o2 AT
= o}
HEFEA

Table 20 4] A|AIaH= vle} Zo] AqlAl =] 7|8}y

Table 2. Level of total dust in clothing shopping center

# 5= 12 0.695(GSD:0.091) mg/m, 222 0.165
(GSD:0.035) mg/m, A|5}= 1.735(GSD:0.883) mg/m'3]

Aoz et AeplE0% adm BAEAd
(>0.05). A A AL 128 0.625(GSD:0.091)

mg/m’, 252 0.154(GSD:0.179) mg/m’, A|d}= 1.175
(GSD:0.488) mg/m' 2.2 7| QA 7o} TU5HA A]5k>1
2202 A2 ZAE L THp>0.05).
A9 A TEEERN G2 FATIEA
£ Aol sk Ao| opUe, Absiis 24
gl et e on 10 mynoR A4 2
el=joiA| 3t olek. & elpe] % Aol dha) 7shy
#om Uehjgons oy 7EAE 2
2 24 Aue vmste] 8ok o
ZTel AR gl Ao® e
Aoz ZRT A AT ARE ) w,
Fob 5 Ei SAR oA SH R
7 obx g uh glo] & dlolejste] vl
Sel Ag+Ed AsiEel o 83 37
0.221 mg/m'=Z UEFGF O (Lee & Kim, 1997),
i AolshAITt A5te} 15 S84 =&
o2 AU o]l AshE o] vls A ko
oAl o W Qo] Wl uwt ¥t
o] &3] o]Fojx|#| oo} WA Aujet whehEh
7] & T2 =Eo] AR ol nX= F3F
S AR g A Ao ot ti7] F TR

ofj

ol
o!

ofj koo

) o H
(12

_|>:1‘ rl{ ﬂllo Hi){ ;{1;

AN oo BN R o2 2ot jo

o

,

i
Sid

Floor N GM GSD Range p-value
BF 3 1.735 0.883 1.11-2.36
Personal sample 1F 3 0.695 0.091 0.56-0.83 0.12
2F 3 0.165 0.035 0.14-0.19
BF 3 1.175 0.488 0.83-1.52
Area sample 1F 3 0.625 0.091 0.56-0.69 0.096
2F 3 0.154 0.179 0.027-0.28

* Unit : mg/m’
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Table 3. Level of PM10 in clothing shopping center
Floor N GM GSD Range p-value
BF 3 0.034 0.001 0.033-0.035
Personal sample 1F 3 0.071 0.009 0.065-0.077 0.226
2F 3 0.059 0.027 0.039-0.078
BF 3 0.032 0.002 0.030-0.034
Area sample IF 3 0.072 0.013 0.063-0.081 0.139
2F 3 0.052 0.019 0.038-0.066
* Unit : mg/m'
o] =7 1 mg/m S7HA] olo iRk APgAb= oF 2 A dFRARRE A 717 FARA O £
3% S7itttal s a Qlth(Kim, 2000). Choi et A AA e s ool B AUAY H 3
al.(2000)¢] A-Ade] w=w Thed FAAY Ao 7] F PMiy SAHEAY FEF(TAAS)
7] % 25A 2AHZA7 0.05 mgmoR B A rAut 0.043 mg/m’, SAFE(ZHZ| ) 0.054 mg/m oz 9]

o sl WA e pzom 2AHAT. o7 &
PAE e 907 F 22 AxpEol FEATLE B4
2910 o5} HUE T, U9 ePRUo] YR wE

97 Foto] rH o2 Qls) el At werEc,
g% agiEel TS AFAe % A5H0
2 BEoR A ARE] ua AijHon ke
BES] FEA =Y 4 rks AsAS G
Sof WAL B4 HE9 A7 99 T4 o
Be Systol Belshor & Ao ARHt

)T FAH A

Table 30]4 A|AI8= vFel o] 354 #x19] 7]
St Bt FEE AGA R AE A5 0.0323 my
m, 152 0.0719 mg/, 222 0.0516 mg/m'o 2 1
F05>0% w02 FE BEE osx g9t
(p>0.05). THH Z|JAAZ O] 5 A|5}= 0.343 mg/m,
132 0.0711 mg/mr, 252 0.05885 mg/m'el Ao Z

HE|gon, 2oz} B 155255 A3

B AT BAN B chEol g4 Mo Sg
97 ok AR F AT SAS ok 554
BAlol et BEG |zl Ao} U WL
Apolch. shAT YRABAE EF Ag7roln
BEA e AgFEe] us Z9o] dojuhs A4
olmE AR AHFIIA Tl olFt throls
A PMio 712 015 mg/n'e A gste] & 24 o
olelol Farsto] Wk u, 159 AHANR & A7
AT B 7)EXE Zshe 2202 Uehitt)
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FaPAEH A § 52 FEE AT (Jeon &
Hwang, 2014). & A3} ZAZ 319 uf, A< o
7] & PMyy LA¢EET AY edaEo] o
= Ae® BEEUY FU ol gAlA
o & % PMof 3 Ay AT ANE
< o, o] 79 0.058 mg/m'~0.177 mg/m'O=
7H o T YeEt I i, AE Ao 5734
I s HE 0188 mg/m'e} 0.158 mg/m’, 17
3 Eulge 0.1 mgm'~0.158 mg/m' 552 AoR
ZAME o] thFol Al PMyy AUF7] FA7]E4]
0.15 mg/m AHY 373 M+ F Y A4
oA =3st Q= Ao HIEYTHKim, 2006).
Ay At Aaket vja A o)F £PAE W 54
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22 o] ot FIIA Wak o dshAe
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OEER P

Table 4% 7} 34 245 Bgal W A20] 5=
g molzm gk HeAE 42 159 A4S
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Table 4. Level of airborne microorganism in clothing shopping center

Floor N GM GSD Range p-value
BF 3 2,204 100 422-3987
Total airborne bacteria 1F 3 1,181 105 1126-1237 0.391
2F 3 781 104 538-1024
BF 3 316 60 306-326
Total airborne fungi 1F 3 683 114 470-895 0.65
2F 3 490 80 311-669
* Unit : cfu/m’
o 270 Wt w2 FEE AN Zlo® AZEY S|

(Chung et al., 1998). =iu] &5 thFo]-§AH AU
7] 712212 800 cfu/mE 4o R vlwgt 2
3 123} A8} % AsolA ZTehe Ao ek
O}, Lee et al(2010)2] ZA} Ao efat e Al
9] =7} HAHF 625 cfu/m, H3AA 456 cf/m, 9]
27|13 273 cfu/m, )X A3E 180 cfu/m’, A5} A}
112 cfw/m’, AWZFERFA 54 cf/m S 2 BiEoe], B 2
A Aol vl2A] ojf AWAE U 2§ ujEo
pEe AdHoR £ Aom werHt

= 683 cfu/m’, 2% 490 cfuw/m’, A
fumwz Zr 24 . BEX= 15>23>X5}
o uig 297 % 39 0|57
o AR e 2o Hje) AjHoR Be $ERIT
2 o8] 7P T WA gew BekEr, ot
A AL AaS(Lee & Kim, 1997; Kim, 2006; Park
et al., 2006; Koh et al., 2007)0] 9]ajA = Sura sz
o BT A9 oy BAR|N AgE AL 7|
=A7F gloen, AgeF i B Faxlato] ek
g 7|27 AR A g A™elth ey =
A 2 A7+ World Health Organization, WHO)ol| 4] H
I3kl = 71EA Q) 500 cfu/mE FapEo g d)
of ATt AEA] , 12T B BT 7|2 S 23tet
L Aoz zAFEQIT) Koh et al(2007)¢] A1ATIE
RS o, WY W FiAlet 5= 68~200 cfw/
molu], EATHE 72-380 cfw/m, WSy B o b=
£ 36~756 cfw/m 2 A 2ALE QT Bt EAES
Aae] 49 B ol Aupuct e 2O vehg
R et R
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Table 5. Correlation analysis of indoor pollutants levels and environmental factors in the clothing shopping center

Total dust Respirable dust  Airborne bacteria  Airborne fungi  Temperature Relative humidity
Total dust 1 379 267 283 156 -.028
Respirable dust 1 328 227 112 -.037
Airborne bacteria 1 369 .106 -.152
Airborne fungi 1 .059 .059
Temperature 1 .024
Relative humidity 1
nAE e o e Sle] g2 AY Eoj#fof st olof whE U7 oW we| rhol=gt
A+ 2zl 2l oln] g vF UtH(Choi et al., Qlo] &3] A Eofof Fhthal Am <= Hiolth
2000; Bae et al., 2005; Park et al., 2005; Chun et al.,
2008; Iwasaka et al., 2009; Lee et al 2009). L&} 9] v.Zd =

S2HIYAEE Ao R 3 B dLoA= Yo Aba)
TAE B9, EAZ oA E3 g Aoz B
Huok ol Ayt vehd olfr== B 9
Sy Aol SHUAFE AT TAR AR
AQHE 38] WHERE AASHR7] wize] o= 17t A=
A7 5 R0 deld det AlRsn] o) 2 o
o] Agdolet & & ek

2 dE astHA
o7 He AR 8 ZHte] o
el bR dig

W e Grhe ojH ek ol ol fE 27 9l
AET $7 KA PG AUTA 79 EG
AgE ek, Teln AR de) SHER Qs
shst A7l SEZ A AAENA dokers
nEEeAE RS wokd. o o
£PAHY 2o ALY 2RSS dyoR B

AARS Belslzel AREA Fol B4 w5
o Hhat A% FA BrHe AARAL ofele A
Holth. YAREYAE FARED Zo] AulAgol
FASA L ZEASE PPOR fHEU 15T
7V AAGE FU QT A obd) BaE wh gt
Tt £ AT Aol ol lFaBAE 22AE
= ofe] 37] Al A HE wmBEo] 24
she Afgrol7] wiRel $44 ATy
Yzeo] Qleki & 4 ek 4RAYAIE G 2ol
A B At Aul ZgASe] dhs) Het
@ gl wE £E BAE 9 I
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L FEe 258 AR F7 BEE
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1.175 mg/m’, 1& 0.625

mg/m, 2% 0.154 mg/m’'e| 3}

i, HelAR Hit sEE RS 1735 mgm, &
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