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On-site Investigation of Hazardous Substances
in Floor Dust of Several Primary Schools
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ABSTRACT

Objectives: The main objective of this study is to assess the levels of hazardous substances in floor dust in primary schools located
in the city of Busan in Korea.

Materials and Methods: An on-site investigation of three primary schools was performed between April and May 2013. The
hazardous substances measured in this study were 14 heavy metals (Cu, Fe, Pb, Mn, Ni, Zn, Cr, Cd, As, Al, Sn, Co, Mo and Si)
and the biological agents were bacteria, fungi and endotoxin).

Results: Among the heavy metals, Cd, Co, Pb and Cr were not detected in the floor dust from the three primary schools. The mean
levels of other heavy metals were as follows: 20 (£10) ng/cm’ for As, 30 (£20) ng/ecm’ for Al, 5 (£4) ng/cm’ for Sn, 20 (£20)
ng/cm’ for Mo, 1,340 (£620) ng/cm’ for Si, 110 (x100) ng/cm’ for Cu, 240 (+50) ng/cm” for Fe, 30 (£30) ng/cm’ for Mn, 10 (£10)
ng/em’ for Ni, and 50 (+30) ng/cm’ for Zn. It was found that mean concentrations of bacteria, fungi and endotoxin in the floor dust
of primary schools were 4.7x107 (£2.2x107) cfu/em’, 6.3x10° (£6.4x10%cfu/cm’, and 8,140 (+5,801) EU/em’, respectively. The
predominant species identified in the floor dust of the primary schools were Pseudomonas spp. for bacteria and Penicillium
spp.,Cladosporidium spp.,and Aspergillus spp. for fungi, which would be somewhat similar to the microbial distribution pattern of
other general environments.

Conclusions: Based on the results obtained from this study, the levels of heavy metals, microbes and endotoxin distributed in the
floor dust of primary school were higher than those reported for other general facilities. Thus, preventive measures should be
prepared for the health care of children.

Key words: Floor dust, hazardous substance, primary school, heavy metal, microbe

LA =2 AdjlsolA SR ATt ZuelA Ayzsle
o oduk 7] oot Fasit 3 4
S 24A17F & 90% o4 AuelA AZel=  Thlee & Cho) AWE/|LEORE opr]d 4 9

*Corresponding author: Kwon Seob Lee, Tel: 042-869-0312, E-mail: 1ks0620@hanmail.net,

Occupational Safety & Health Research Institue, Korea Occupational Safety & Health Agency, 339-30 Expo-ro, Yuseong-gu,

Daejeon 305-380
Received: November 21, 2014, Revised: December 12, 2014, Accepted: December 22, 2014
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.

478



ol
=T

b
o

=
S

T
Lo
M

(Sick Building Syndrome, SBS) F+= A%
(New House Syndrome, NHS) Z+& 2744 =
W AtEEolAl 5 JEE A4, oA
o] elo] H 4= qlof ofof thgt AMS] A
ALA 7tk FAlolth o3t T35
ojs oheke WA YRS 2 4 s,
D WA O] A AR, = W
FAEY A9 WY, o2 T/ EgketA -
ot A=Y =F 52 § 4 UTHStenberg et al.,
1994; Kolstad et al., 2002).
P50l 3RO thFE] A
a5 e F AY e
AEo] Aol FEstHA =
SIQIAE 5 Bk i 254
WA sEol
RgEo] 55 b
N, RpE 2AE
2 B3

&3l

Fflo Hor ol
oo o

.

2

NomE ot 2 do o ofN
42
N
lo
|
oX o
d

(i S a

o

}

fijo
17
=
rlr
£
£

o]

i i
(34 >
T
FIF%
-~ N
o M=
E.Eo}i—ﬂ

ofl
o N

%
B = 4o o

of -k
oft
ox
o
fu
re
ol

M o

0
IO
=95
==

=2
{
2

NN

o
oo
>

o

2 A od fu e do o rfr

=]
=)
=2 ol
"
3o
Mg > 2 |o

N
i)
)
o
il
ro
N

>

. =
T

tlo do

o o2

by 18

N Ay
o
o
o
W
fu)

0

ox
il
1o
on o2
o
o
=
ol
)
El
Q_L'
oZ
il

Oy o,
[
b
ol
o
0.
El 3
>
2
i
2

NED
o
N
N
(HCe]
r.l
)
il
1o
-
Jo
o)
il

el i)
_|>i
Al
=

f
2
ot

% o
o
2

N

2
o
hu
AT
o
)
[
o Ix

o

k| o2 a
il
lo o
oo
o ox o
(e
= M

mlI
S
Jo
AN
2
=
o BN
hooft 22 -

4 g

ot

AN oo N ok w10 g

™ > ot i T

i)

lo
N

Z Q 3}cH(Cho, 2000).

el Ae zEang darow Adasldm
A5 BAE A%t A -(Cuijpers et al,
1995; Meklin et al., 2002; Kim et al., 2007)7} o]
ool A Yem L 2ol ofeol5o] o] getiz
WA A9 v BN FE4
A oF ¢17-(Susanna & Kin, 1998), 253tw W
ZHiEo A g2y fFEEdY dEsAE
(Meyer et al.,, 2004; Instanes et al., 2005)%t A+ 5
o] glck.

aal

I HIE

=

o
e
ro
o
by
rO
o
of o K
T
£
RlOR o 0o 2

e pe
i

sampling)3to] A€ o] FHa=lo]
Ao 243 sEE Fefsly] S8 £

IDRuE = k5

& A7s 2ot W vk Ato] WA T o
fFEo Y FAEES oy figte] FAAWY
AT 253 37aE e R 20139 4~590]

AAEATK<Table 1> 22). ZAHY fa2d 3
207 FF<4 14 £5(Cu, Fe, Pb, Mn, Ni, Zn, Cr,
Cd, As, Al, Sn, Co, Mo, Si), T E(Al#, ), <
T EAl(Enodotoxin)2 AA3}ch

2) ZEAHEE
(A= AH

AP Z25shae] 18hd WAl 3 S
o WA Q] upFugAtolof A 10 mf saline®] 5013+
e-SWAB test kit(3M, Korea)Z o]&-35}o] s}ujc} u}
ZatgoA do® F SAHS ATt 1ar WA
(7} lem x A2 Iem)of| BfF == HAA RS A5
Ei=g

-

S
o

QA= A Y
O Fa%

AT ARE FEATS= PEEYRA7)

Table 1. Detailed information of primary schools investigated in this study

Primary Construction Sampling
school Year Floor Material Location Time
A 1993 3 story building
o 5 sites selected randomly in Afternoon in clear day
B 1995 4 story building  Concrete & Wood classroom situated in the 1st floor (2:00 p.m.~4:00 p.m.)
C 1996 3 story building
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(ICP/AES; Perkin Elmer, Optima 4300DV, USA)E o]
83}o] Cu, Fe, Pb, Mn, Ni, Zn, Cr, Cd, As, Al, Sn,

Co, Mo, Si 5 84 147) 942 g EAshat,

@ Alat2t 2+

HA| & wgEe] HAL2 10'~10% 343 WX E
Alete] 79 Xt /7S AAIsE7] 218l Cycloheximide
500 mgo] 7}El Trypticase Soy Agar (TSA; Becton
Dickinson and Company, USA) ¥jZ|} Z+2] 735~ Al
o] A& AAIs7] 918l Chloramphenicol 100 mgo] 37}
% Maltose Extract Agar(MEA; Becton Dickinson and
Company, USA) vjx]of| 3zt =atqitt. Alate] 7%
37C 2703510 vijF7ollA] 24-48417F 52k, Xte] A5
A2 221(18-25C) oAl 3~5% 52t viste] A&
ahgick

At 5 Sawel ekl A AX o4
Hastal, E2]E Colony+= Fejet M2, Gram HA
3} o] sl HAES A ¥F SHsk of
+ Bergey's manual of determinative bacteriology
(Mcgough et al, 1994)0] &3}o] A5l on, o]%
ZF7F A A2 vitek(Biomerieux Corp, France)™}
API Kit(Biomerieux Corp, France) S 83513
o} A9 AL &4 B2 5E ColonyE slide culture
sto] Ftn|7 sholl A wtAHHyphae)o] 434, A
A(Colonial color), YA} (Conidiophore)2] FEf L
M7 4 SEA|(Vesicle), -3-3(Phialides), 2 (Septum),

Table 2. Concentration of heavy metals in floor dust in primary schools

Apg 2l Perithecium)®] §5 & 7|22 FejsH 5
S WEsle] FA43%E=, o] Compendium of

soil fungi(NAAS, 1995)0 7|5}Ach.

@ o= EAl(Endotoxin)

2 S/t Al S A lipopolysaccaride
= AAsH, A os FY =24 4F 5714
AehE ks Zle® oy 9] Ad A dif=o
ol E 1% a1 Qlti(Michel et al.,, 1996; Milton et al.,
1997; Heinrich et al., 2001; Litoniua et al, 2002). A=Al
o] BXo ulZA YA = EH 3] (American Society for
Testing and Material, ASTM)o|| A A5t EZEHHS
o) g3l on, BXA7]7|= kinetic microplate reader
(Vmax, Molecular Devices Corp., CA., USA)E o|-83}3ich

mZo W nE

H)E=5
WA Y] vk Apolof] fazskal Qle WA oA
TS TES B4 A= <Table 2>9F ¢t Cd,

bl Ry
Co, Pb, Cr 37§¢] st m&F HEEA Fglomn,
v 2] o] A SRF Btk As 20(=10)
ng/em’, Al 30(£20) ng/em’, Sn 5(+4) ng/cm’, Mo
20(+20) ng/em?, Si 1,340(:620) ng/cm’, Cu 110(x100)
ng/em’, Fe 240(+50) ng/em’, Mn 30(x30) ng/cm’, Ni
10(£10) ng/em’, Zn 50(£30) ng/em’ 2 Epgc}h =

Unit : ng/cm2

Sample Cd As Al Sn Co Mo Si Cu Fe Pb Mn Ni Zn
Al ND 12 36 0 ND 60 448 30 180 ND 12 ND 24
A2 ND ND 8 ND ND 16 1596 50 308 ND 28 4 20
A3 ND ND 20 ND ND 16 1288 40 240 ND 16 ND 36
B 1 ND 16 24 4 ND 4 1624 80 252 ND 108 4 64
B2 ND 8 80 8 ND 16 1964 240 224 ND 44 16 108
B3 ND 28 28 8 ND 8 1348 90 180 ND 28 ND 64
C1 ND ND 16 4 ND ND 664 40 268 ND 8 4 40
C2 ND ND 12 0 ND 0 800 100 212 ND 8 ND 40
C3 ND ND 8 8 ND ND 2340 320 296 ND 28 16 80
Mean ND 20 30 5 ND 20 1340 110 240 ND 30 10 50
S.D ND 10 20 4 ND 20 620 100 50 ND 30 10 30

* ND : Not Detectable
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Table 3. Quantification and identification of bacteria in floor dust
in primary schools

Sample Quantification Identification
Al 4.6x107 cfu/em® 1. Pseudomonas putida,
2. Enterococcus faecium
4.1x10" cfuem® 1. Leclercia adecarboxylata
A2 2. Serratia odorifera,
3. Leclercia adecarboxylata
A3 6.5x10 cfu/cm® 1. Pseudomonas putida,
2. Pseudomonas fluorescens
B 1 2.0x10” cfu/em® 1. Gram positive rod
2. Gram negative rod
B 2 9.2x10° cfu/em® 1. Gram positive rod
2. Klebsiella pneumoniae
B 3 4.8x107 cfu/em2 1. Pantoea spp-
2. Escherichia vulneris
C1 8.1x107 cfu/em®  Enterobacteria cloacae
c2 5.8x10"7 cfu/em’ 1. Pseudomonas putida
2. Un ID Gram(+) Rod
C3 54x107 cfu/em’  Pseudomonas spp.

Mean 4.7%x10" cfu/cm’

S.D 2.2x10" cfu/cm’

Table 4. Quantification and identification of fungi in floor dust in
primary schools

Sample Quantification Identification
Al 7.4x10° cfw/em®  Penicillium spp
A2 8.6x10° cfu/em’ Cladosporidium spp.
A3 8.7x10° cfu/em®  Penicillium spp
B1 8.0x10” cfu/em’ Aspergillus spp
B2 6.2x10° cfu/cm’ Rhizopus spp.
B3 1.6x107 cfu/em’  Unidentified mold form.
C1 1.5x107 cfu/em’  Unidentified mold form.
C2 1.7x10° cfu/em®  Unidentified mold form.

C3 8.1x10° cfu/em’ Cladosporidium spp.

Mean 6.3x10° cfu/em’

S.D 6.4x10° cfu/em’

222 55x10%49.1x10%) cfu/em’ Fow, C 25810
A At 420] B2 6.4x10/(x1.5x10") cfuem’, A3t
22 7.8x10%(£7.4x10% cfu/em’e] Z o2 ZA}E Q).
A 35te] AA e A Ao A
47x10'(x2.2x107)  cfu/em’, Aol AL 6.3x10°
(+6.4x10% cfu/em’2 EA %9}
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Table 5. Concentration of endotoxin in floor dust in primary

schools

Unit : EU/cm’

Sample Result

Al 9,799

A2 9,639

A3 12,759

B 1 17,999

B2 4,039

B3 1,223

C1 1,815

C2 12,519

C3 3,463

Mean 8,140

S. D 5,801

ol

A=EAL TS o} o) T3 9]
A b -F(Lipopolysaccaride) OIU% ol ol &
s}5l 4 02 Qe BARA Aol FUA L

2]
9, A7) e 5ol FAEAT AR
A ¢JthH(Moon et al.,

ik
oX,
filo
T
o
=
fr
pa)
lo
HU

7N %L%(Cu, Fe, Pb, Mn, Ni, Zn, Cr, Cd, As, Al, Sn,
, Si), U]*g%(’\ﬂ%l’, ), d=EAE A5t

a4 TS 245 23 Cd, Co, Pb, Cr2 3749
5} T HAEEA goron, yma] g5 i
SeF HA3HS As 20(x10) ng/em’, Al 30(x20) ng/em’,

Sn 5(4) ng/em’, Mo 20(£20) ng/cm’, Si 1340(£620)
ng/em’, Cu 110(£100) ng/cm’, Fe 240(x50) ng/cm’, Mn
30(+30) ng/em’, Ni 10(+10) ng/em’, Zn 50 (+30) ng/em’
ek wAEY A WAW Al Bd s=E
4.7x10"(x 2.2x107) cfu/em’ , AF-S 6.3x10°(+6.4x10%)
cfwem’ 2 Uehgch 54 Adie Ao A9

Pseudomonas spp., A2 7L Penicillium spp,,
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