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Chemical and Microbiological Hazard Analysis of Floor-Settled Dust in
Elementary School Classrooms in Korea

JiYoung Kim, Se-Young Jung, Su-Jung Kim, Jin-Ah Kim, Jiyeon Si, YeonWoo Jo,

KyungDuk Zoh, and GwangPyo Ko'

Department of Environmental Health, Graduate School of Public Health,
Seoul National University, Seoul, Korea

ABSTRACT

Objectives: This study investigated the levels and components of floor-settled dust in two elementary schools
located at different sites (one near the Shihwa industrial complex and the other in a rural area) in order to
evaluate the amounts of trace metal elements (As, Cd, Co, Cr, Cu, Ni, Pb and Zn) and microorganisms.

Methods: Over twenty settled-dust samples were collected from the two elementary schools. Trace metal
elements were extracted from the dust using hydrochloric acid and nitric acid, and the amounts were measured
by ICP-OES. Microbiological analysis was performed by bacterial culturing using R2A medium and denaturing

gradient gel electrophoresis (DGGE).

Results: The results showed that the amounts of three metal elements (Cr, Pb, and Zn) were significantly
different between the schools (0:=0.05, p<0.04). In addition, microbial communities in each school were highly
correlated with one another. Among the identified microorganisms, a number of potentially opportunistic
microorganisms, including antibiotic-resistant bacteria such as Acinetobacter baumannii, were found.

Conclusions: This study will provide preliminary data for assessing levels and types of chemical and
microbiological agents in elementary schools and for further evaluating human health risks associated with the

agents.

Key words: Bacterial antibiotic resistance, Denaturing gradient gel electrophoresis, Dust, Heavy metals,

Shihwa industrial complex
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o4 F 57 1.5m? WA 7 284 F
07k 28 WA FH | Y8k WAldH = 8
H2 wAsld e Ed AW (LDPE, 25 cm
30 cm)ell EEste] 4°C WAAGEIE APz 2
siaith A7 ol8ste] T WAE & YX
o] B4&5E AAs7] Yste] 2 (#40 U.S. Standard
Testing Sieve, 425 um Nominal opening size)°ll A
239 FAE A% F, 60mm Petri-dish (SPL,
Korea)ol] Fo} @i&-ato] 4°Col] BRIt A A
S i FAE A 2580 S 7.804g 28]
B Z5styE 3.301 golRith.
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2. HIEFHMX] LY Of2 A
1) ARl HAje] 8 vEdFEsda 74
HA7|E o] &3 viA] N EE AR HE

A 7hse FEo] gEE AlE(A 258 108t
o, B 25 45H)E YR 7} 1-1.5¢9] A
5 A2Z79] clean benchollA 15:U7F
2k Azs . A2 " AlEs ZEEAI(100 um,
ChungGye Industrial MFG. Co., Korea)E ©|-8-38}]
100 um °|st2 i, g7 BE 0.5-1 g9 A
EE VEFE5Y oA ARESIRTHYY AEE

A2M SE3 Az siflenz BYERd
A=)

oy
I
Ho
[va
lo
HI

Z

gk B8 fJsle], AIEE 20 m/2] glass vialol| &
713 2: 2: 2 HCI-HNO;-H,0 & A+ 8N (HCL
HNO;: Trace metal grade AFo 2 {alad &4
4, H,0: AZvE29E) 6 mi& 718 F COD
reactor (Hach, USA)E ©]&38}e] 100°ColA] 24]17F
Eet FE3 84S WYsIth WY $ syringe
filter (0.45 um pore size)5 ©]8-3l H}3}aL & o]
2% 33 FHTE Thele] AF S 25 mio] H
5 itk A AE AAE AR AEE A=EAH
Eetzvul WEEFF = A (ICP-OES, DV-3100V,
Perkin Elmer, USAYE ©]&-3to] AbgllAl 217 4
o] AEE do 4 o, FH Fto 23] o
7l o2 WEE F JdE vEFESEdE F F vl
¥4 (As, Cd, Co, Cr, Cu, Ni, Pb, Zn)yS thiog
S AAEiTh
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Table 1. Description for certified metals concentration (mg/kg) of standard reference material (MESS-3) and recovery

rate (%)
As Cd Cu Cr Co Ni Pb Zn
Conc. 21.2 0.24 339 105 144 46.9 21.1 159
(S.D) (=1.1) (0.01) (£1.6) (4) (£2.0) (£2.2) (#0.7) (+8)
Recovery rate 75 54 120 69 75 73 83 91
2) NES FE g AF 2 BAXY oA 72 70 IS F AT Al e ATSIct,

O 1~ BA

Azl W HE3HA|(Method Detection Limit,
MDL, °|s} HA&3HA = v|=F 3% 257 (United
States Environmental Protection Agency, ©|3}
USEPAYIN] ANSRe WS nigow 223l
oY ZF, 71717t wkgete Ao wEE AT
! Q‘lﬁi o] Fxo] FFUAS 3wl o=
)\]—;G—g}oﬂr/]_ 1:1:@ RS
o ok YR F= #Hel 4l
yroh =3 A3 9 (National Research Council
Canada)ollX] A|ZE B 2 1 E v]3d4s 4
FE=HEYU MESS-3& o] 8si3ly, BEEH)
AFEZE Table 19] AASHALE o]k &

5-1gs Foto] AA AlEet FU3 A
g 5 & 3}04 EEELo AAE Hd
& A% (Recovery Test)yS 4=
able 1°ﬂ fﬂ‘”ﬂ Xﬂ/\]

o= Microsoft Excel\g 2007 (Microsoft Corp., USA)
I} SAS® version 9.2 (SAS Institute Inc., USA)E ©]
BTt

3. HiFHS =

w2 Y Algg 8F317] 38k 50m/ conical
tubedl] A AF T WA AlE 50 mgE ) d&o]
50 mg PI¥RRI Mg AEE 7 ARSI, A3:
10 mg, B1: 33 mg)& Extraction buffer (0.15% peptone,
0.05% NaCl, 0.01% Teen80) 30 m/el] B FE3]
vortext & 108 7+ Ao BaAs o2 oz
25°CollA 220 rppm S =2 1047} shaking 3}aL ©}A] A
2o 157 ZF AH T, AFAE FHste] Al
ARSI 8EE A ET Y3 buffers ©]-8-5t
o 10°~10W) 2 serial dilution $F ¥ 1.5 Agar R2A
medium (Difco, USA)l 100~150 w/ =23le] 25°C

M

F:IJ
. HI

o|Zst

0|-)|I
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4. HIEHHMX| L] Roi0jdE =4

1) 2152 & DNAY FZ 2 16S rRNA 74}
=

DGGEE °©]&3 Fav|dE 4 flste] A&
0.25 g& Ultra Clean Soil DNA isolation kit (MO
BIO Laboratories)E ©|-83}4 & DNAE 40 uZ
FESAL A7 9 A7 - 0°C°ﬂ Baspioh?
FZ3 DNAE 332159 @ Hes= nested
PCR W& B3] 168 rRNA fF3219] v3gale
ZE351919m, 1st PCRO= universal primerq! 27F
2} 1492RE AME-3}91AL, 2nd PCRO= 40bpe] GC
clampE 23 341F-GC (5'-CGC CCG CCG CGC
GCG GCG GGC GGG GCG GGG GCA CGG
GGG GCC TAC GGG AGG CAG CAG-3")<}
518R (5'-ATT ACC GCG GCT GCT GG-3)& A}
S3FATEMY 1st PCR-Z 95°Col| Al 287+ pre-
denaturedtL 94°CoA] 30%, 45°CollA] 30z, 72°C
oA 90x9] A GAE 40 cycle RHE3F & 72°C9]
A 587} final extension 3}, 2nd PCRE 1st9]
PCR Ah=g o]8-3to] 94°CollM 45%
T 94°CoA 45%, 55°CNA 45%, 72°ColA 50=
o] Al BAE 30cycle WHES & 72°Col|lA] 627+
final extensionﬁ}oﬂr/]- PCR 2}FE2 1% agarose gel
of A719s3s F 233 bpel bandE RIS,
QIAquick Gel Extraction Kit (Qiagen, USA)Z A
g ¥ DGGE A0l AR5k

7} pre-denature

2) DGGE (Denaturant Gradient Gel Electrophoresis)

RS

DGGEx 72 Zo]¢] DNA fragment’} |74 <E

o] 7FAl&= Tm 3l olol| 93] dike] o]F&=
7} @24 A719% Al geld] WAAQ] F= Fufdl
we} 2zt g YoM bandE A e HE A
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< ol§st= Aot £ H¥HA= Universal
Mutation Detection system (Bio-Rad Laboratories,
USAYS AM-3F93L, Urea®t FormamideE ZEHsh
35-65%] gradients 7FA|:= Denaturing gradient gel
ol PCR amplicon 1000 nge AME-3lod 1XTAE buffer

oA 60°C, 60 VE 9007} 71953 th!” 7]
AF 39 gelg EtBrZ 2087 G4, 3057 &4
Y& A% F- UVE band FdE SR8ty & 54
719] bandZ geloll A ZA=hlitt. DNAE Zehd gel
o TE buffer 50 e Y3l 4°Col|A] 2417kl A A
|23tk DGGE band ¥ #4-> Bionumerics
version 5.1 (Applied Maths NV, Sint-Martens-
Latem, Belgium)y ©]8-3lo] AAJSIA T

3) DGGE band®] ¥714<¥ &4

DGGEE 53l €2 band®] DNAE E24d<
g A7IAE BAE flste] GC-clampE Al €] gh
341F (5'-CCT ACG GGA GGC AGC AG-3)%}
518R primerg ©]&-3led PCRE 383ttt PCR
AEE 1 % agarose gelollAl 7] d&38ked 193 bp
9] FES RIS AL, QlAquick PCR purification
kit (Qiagen, USA)E E3}] 40 W= AA AT 4
¥l DNAE pGEM-T easy vector (Promega, USA)
=2 =24 3T}, Competent cell Escherichia coli
DH508 AHE3I1SH, X-Gal#t IPIGE Xahs
LB ampicillin BJ=]ollA] 3}EN-E W= colonyS Al
eHato] AR o wWjFEFI L, M13 primerS o] &
g+ colony PCR& Fall &1g 5 wjggt A5¢]
Plasmid DNA (Plasmid mini prep kit, Labopass,
Korea)s FZ3to] 97144 4L 9F3dct
(Cosmo Genetech Corp., Seoul, Korea). 4% 4]

=9 971492 NCBI BLASTE 53e] H|alitA]
=

3 on
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1. HIEMHX] L} D235 s 55

147)¢] koA ek vpetaiR]olx] v a4
L FRE B3 AT vlA(As), TREE(Cd), 22
E(Coyz F oA BF AEA nte R 5%
Hyew 12 F(Cu), UEMNI), H(Pb), okl
(Zn), ZE(Cry& A 25809 o] & T2 U
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Fig. 1. Concentrations of trace metal elements in floor
settled dust: school A (a), school B (b).

ERtth(Fig. 1). 2471719 284 HE5S 98 £
S o R AAF 38 AFdMe 27t
o] Y4 ¥R 54 (Cd)y~120 (Cu) %Y Ires
A (Table 1), °1&3 3=& AFAHS BA S
a4 d FEE =

ISR ARE F 93 Aol R

Felda AAs] flsto] ol2at 7HE e ttestE
B3 A} 0= 0.059] F2lFE H(Pb) (p=0.004),
C’}"ﬂ(Zn) (p=0.024), ZLE(Cr) (p=0.04)°] A

O §oI% Aolg gL,

vlebaz] ) v gEs 9AE 7o) AAdAE
7] Y5te] A 258w AEdHA oo w =4
= 570 ¥&(Cr, Cu, Ni, Pb, Zn)oll thale] a4
28 A A3K(Table 2), §995F o=0.059

T
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Table 2. Correlation coefficients among trace metal
elements in floor settled dust for school A

Cu Ni Cr Pb /n
Cu 1.000
Ni 0.665* 1.000
Cr 0.566* 0.971* 1.000
Pb 0.771* 0.900* 0.892* 1.000
Zn 0.604* 0.798* 0.861* 0.823*  1.000
*Statistically significant at o= 0.05.

3.5e+11

© Aschool <
3.0e+11 { | @ Bschool
*

2.5e+11 -
S 2.0e+11 |
w
Q
S 1.5e+t1 -
c
S .

1.0e+11 o O 5

* . . © o
soertoy PY o g o
*
0.0

Fig. 2. Concentration of culturable bacteria in floor
settled dust: school A (O), school B (@).

A Crt CuE AR YA Aas ZhellA SAIS)
Ao Folgh ol AJudA (p<0.05)5 HERRAH

2. H{FHE 0|8t & M7 s X

R2A ¥R & o]-&-3te] wA W nietwix|el] EA)st
= & A =5 AFs 49, F st 7 vt
FTEE Ve AS AT F A A 25
o] HFeEE 8.515E+10 CFU/g, B 258w 3
TEEE 8.794E+10 CFU/g2 SR RE & X
o|F HolA| §skon, Hwxst HiFk gkl A}
ol 108 Wel= Aol mE Tk Aol= gl
T $AHFig. 2).

|

3. DGGES O|&%t 0|42 ZHEEZ &4

DGGE Z 3= Bionumerics version 5.1 software
£ ©|83} band }¥-& multi-dimensional scaling
(MDS)®} dendrogram©- 2 #23}% 3, dendrogram
2 unweighted-pair group method using arithmetic
average (UPGMA)$} Dice coefficientsS A7 5}

Tt w4 A3 dA AlEe 48%C] FAMS

http://www.kseh.org/

(b)

-00

-02

Fig. 3. Dendrogram derived from UPGMA cluster
analysis using Dice coefficient (a) and Multi-
dimensional scaling (MDS) analysis (b) by DGGE
fingerprinting data. Yellow : school A (n=12),
blue : school B (n=8).

(similarityyZ UERi o™, stlw W=Z clustering®]
He g 281 & AU hFig. 3).

4. HIEIHX| & Fafi0[dE E4

DGGE ¥ cloningS 53l ozl 5471¢] colony
£ #4% A3 dAl Falstthz gl
Acinetobacter baumannii, Pseudomonas, Neisseria
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Table 3. Identification of potentially harmful microorganisms by DGGE analysis

Excised band Genbank accession no.

Identified microorganism

Percent identity

1-3 HM629807.1 Acinetobacter spp. 100%
1-6 GU374045.1 Streptococcus spp. 94%
1-7 HM629807.1 Acinetobacter spp. 98%
1-13 DQ066447.1 Gardnerella vaginalis strain 100%
1-19 EU239155.1 Pseudomonas spp. 98%
1-21 GQ203292.1 Neisseria mucosa strain 100%
2-2 HM629807.1 Acinetobacter spp. 99%
2-8 FN994922.1 Uncultured Pseudomonas spp. 97%
2-10 HM584008 Acinetobacter baumannii strain 96%
2-12 FN994922.1 Uncultured Pseudomonas spp. 97%
2-16 HM566077.1 Acinetobacter spp. 100%
2-21 GQ203292.1 Neisseria mucosa strain 96%
2-22 HM222637.1 Enterococcus faecium strain 98%
2-23 HM579796.1 Kocuria spp. 100%
2-23 AJ871427.1 Enterococcus mundlii 95%
2-25 AB377155.1 Haemophilus influenzae 100%

z

Fig. 4. DGGE band patterns and specific bands for
subsequent DNA sequencing in this study. Each
number indicates an excised band listed in Table 3.

mucosa 5 & 1659 vAEo] WAL CHFig. 4,
Table 3). A 25 M= £4I8 36719 colony

B 258k+= 1819 colonys 3707F &
Axe] JiiFom A 25l o B2 fa8lv]
Aol AEE AL AT 7+ AU
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Table 4. Mean concentrations of trace metal elements in floor settled dust

*Units: mg/kg

City No. of Cr Cu Ni Pb Zn SaI.np le digestion Reference
(country) samples (instruments)
Siheung HCI+HNO; .
(Korea) 10 3.49 10.5 1.7 10.8 219 (ICP-OES) This Study
Daegu HCIH+HNO;
(Korea) 48 44 433 71 64 626 (ICP-AES) 9
Incheon HC1
(Korea) 16 - 176.2 - 138.7 919.8 (ICP-AES) 30

Cincinnati HNO;

(USA) 37 145 - 110 360 64 (ICP-AES) 31
Sydney HNO;

(Australia) 82 84 147 27 389 657 (ICP-AES) 32
A2AE A zEokmel vl WA & Hg FEAL A% UE, B5A%, 28, 59 Aol7t 5 A
B AYATFE PO Fhe) BAAG A WA o] Fme] 2 JF2 vXA g ZloE Ve

olxe] gkt gk Z3E Table 49 ]ttt B2 Ade A aheAle o] §1#, 8
I A3 HEWM ooz AEE 7(Cu), YR L Aadgell wet w9 el Aole AL
(Ni), F(Pb), °Fd(Zn), ZF(Cr)e] 7l dae OE ot WA W Ale] FEe Ao R fAlsitt

Aol Frol njs] A= 1/39, IA= 1/708] 5 A
TOE gk} DGGEE E3F B4oMe= F w2 clustering

olgigt A¥k= A W vFEEdas o= o] H= A& AT = UMAL(Fig. 3) °l= A
A T S WOt ol v HuEhy 2 ARt oYzt shue] AYA7], A8 AF T
A FFE & A= 52 oL AR Al ade) 2k, e, wd W orke AE 5o &
oF. oAb e v SEde e mAIEAY] 7BH GEo] AL Aol AdET. A 25
54 5 A 54, 71524, t71ed wiEde o] wd W vieAle A g WAoo
54 Sl wet da AR ERE Aoldh Aoyt & B 25%tE B, ZHE F sHHEE thdsil
Agal deA Ak =3 2 oh HE3 Sl e 109 Wele] B 258kl v
=20

A3 Tk GEARIAES IHE ST 2e
st AtsEh
A= D%x]/\] e thekst nAEo] EAlsla,
olFd M= WY Ve oF B TR &
Alfhol 1_7J<>ﬂ7ﬂ =Zo] o) 71 ARAEE o
o7)ed 14 F glo] Aol FEE SR
AL =E3H7E) ol 2 el 2 ¢ AnP 1
et 2 "3?01]*15 F ibi' 2070 3 7He] ¥ Hl
1°iﬁ} A= 1000974 2=
g oabAller 2t —r'n‘/‘ﬂﬁ'

o S 24 AYATIAE T Yy,
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Aol F AL vpeEHR] U} AlF9] diversityE
ZAF 3 A A B dEe) met {43 Aol E
Haon 538 7= o }O = =1 A R

&9l 2} clustering

o nh ek B GrelAE 4

*ﬁ

o Ht g AT & Aot AFThgeIE
F 25 494 SYRY bl 1 99 o
Fo7t o) EAskel BatE ALE S
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Z9 Acinetobacter =
5 3 Aol M B
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% kel Ekxlol
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589 2E 94(Cr, Cu, Ni, Pb, Zn)llA A 253}
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