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Trace Elements Analysis and Source Assessment of School Dust in Daegu, Korea

Hee-Bong Song' - Hwa-Secok Do - MyoungSook Lee - Dong:Chan Shin
Ho-Suk Yoon - Jin-Hee Kwak - Cheol-Su Jung - Jae-Hyung Kang

Public Health and Environment Institute of Daegu Metropolitan City

ABSTRACT : Samples of 45 school dust were collected in Daegu in January 2007, were sieved below 100 pm, and 14 elements were
analyzed using ICP after an acid extraction. Results obtained from the source assessment of trace elements using enrichment factor showed
that dust from playground were influenced by natural sources, while dust from classroom were influenced by urban anthropogenic sources.
The measured values were remarkably higher in components from natural sources than in components from urban anthropogenic sources.
Dust from classroom are highly concentrated than those from playground. Concentrations of dust in urban area are similar to those of dust
in rural area and there was no significant difference in concentrations between classroom with playground soil and classroom with play-
ground grass. Compared with other cities in Korea, concentrations of heavy metals in Daegu city were higher in classroom and lower in
playground than those of heavy metals in other cities. Dust from classroom contained lower concentrations of trace elements than those from
street in Daegu. Results of pollution indices of heavy metals indicated that playground was not contaminated with heavy metals and classroom
was considered to be highly contaminated. No appreciable differences in playground were found between urban and rural areas but in case
of classroom pollution, heavy metal concentrations were a little bit higher in urban areas than in rural areas. The correlation analysis among
trace elements indicated that components in playground were significantly correlated, while components in classroom were less correlated.
Trace element components of classroom dust were not significantly affected by those of playground dust.
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Fig. 1. Location of sampling sites in Daegu city.
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Table 1. Enrichment factor of trace elements in school dust

23N - BAY - PA5 - FAY

W7 Y FFALY AUFY) F AAGERY = I
dx g BriEHe fAE 2FE BAt 21U &
ERAAME AFESIHEY sEALA A olHT 3

S 593 HEEA &3 A - A Ak ¥
EHAZEAGRM)E =AHY] & FREA9 FEolAT £
AT dANEE ILFH FFN FHE @A=M 2
ol Az golsital Hgky] wEo|th

N o 1

=1}
=

3. Z1 H 1F

o] &35t AGEDY A5z
vjas] WAgo]l AAF FF
sy g AZ4EL F €
Alg 71E942 AF5
Taylors} McLennan'®
, 5&A4(EF, Enrich-
ment Factor)Z o}gfo} 22 AozHE A&% ZF= Table
13} 2}

SE/238 AlY 3%
HEe sEAREL AlY FE

EHAHER =

9 Hozry 428 $EA 19 e §A5E 2
dao A9e AEALG 5UFL I EF 534
F71 10 o159l gold AQHA BPAC) : AFED =
Beshe o BFAL, $3AFIE 10 ¥ geld
QAL AL : Q7Y FH)Y FFOE TP

1
Classroomse;”

Playgroundsq” Classroomyess”

Element Urban Rural Total Urban Rural Total Urban Rural Total
(n=15) (n=15) (n=30) (n=15) (n=15) (n=30) (n=13) (n=2) (n=15)

(4D (1.0) (1.0) (1.0) (1.0) (1.0) (1.0) (1.0) (1.0) (1.0)
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" Classroom using playground soil, ? Playground soil, ¥ Classroom using playground grass
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Table 2. Analytical result of trace elements(ug/g) in school dust

School Al Ca Cd Cr Cu Fe K Mg Mn Na Ni Pb \Y Zn

Mean 8955 34419 6.1 78 405 12755 4884 5336 386 2452 43 341 26 905

Urban SD” 1588 7783 3.1 64 171 1843 1427 487 98 830 18 282 8 649

(n=15) Min 6529 19300 1.7 30 171 10980 2607 4566 256 1119 16 101 15 477

Max 12430 45030 123 269 858 17970 7313 6758 614 3888 78 1213 43 3083

Mean 8807 34960 6.8 51 270 11934 5727 5390 360 2688 39 303 22 434

Classroomy Rural S.D 1308 8270  5.0. 30 470 1444 1347 643 93 968 36 170 6 262

(n=15) Min 6955 17060 1.7 27 47 9172 3605 4590 215 875 15 106 11 189

Max 10850 49130 20.0 143 1949 14540 8743 7099 555 4489 165 652 32 1219

Mean 8881 34690 6.5 64 337 12344 5305 5363 373 2570 41 322 24 669

Total S.D 1431 7895 4.1 S1 354 1679 1429 561 95 894 28 229 7 542

(n=30) Min 6329 17060 1.7 27 47 9172 2607 4566 215 875 15 101 1 189

Max 12430 49130 20.0 269 1949 17970 8743 7099 614 4489 165 1213 43 3083

Mean 11652 16602 0.6 21 20 16238 3251 5600 495 654 7 15 50 67

Urban S.D 4267 8361 0.1 8 17 1585 1562 1245 194 586 3 7 13 24

(n=15) Min 5519 8599 04 .12 10 13630 1411 3665 224 128 3 8 32 38

Max 21530 37300 0.8 44 80 19210 5980 7925 897 2212 14 32 75 134

Mean 11356 15643 0.6 18 15 15685 3574 5631 477 779 12 44 53

» Rural SD 3185 8756 0.1 15 8 1622 1756 1280 141 1812 1 12 15
Playgroundsi

(n=15) Min S117 4382 05 7 5 11710 1505 3407 286 118 2 5 25 32

Max 18010 34670 0.9 66 31 17720 9024 8520 726 7309 24 45 65 78

Mean 11504 16123 0.6 20 17 15961 3413 5616 48 716 6 13 47 60

Total S.D 3702 8426 0.1 12 14 1601 1641 1241 167 1325 5 9 13 21

(n=30) Min S117 4382 04 7 5 11710 1411 3407 224 118 2 5 25 32

Max 21530 37300 0.9 66 80 19210 9024 8520 897 7309 24 45 75 134

Mean 7226 41654 7.2 63 452 10810 5469 5237 284 3181 55 223 17 795

Urban S.D 1173 9038 75 29 347 1309 1437 810 94 902 53 115 4 293

(0=13) Max 9168 56600 30.8 125 1529 12540 9509 6782 451 5596 228 506 26 1359

Max 9168 56600 30.8 125 1529 12540 9509 6782 451 5596 228 506 26 1359

Mean 8548 28000 5.8 46 233 11920 5282 5026 315 2419 31 225 21 435

5 Rural $.D 1006 3903 2.2 9 61 99 1736 270 29 404 5 38 1 77
Classroomgrass

(n=2) Min 7837 25240 42 39 190 11850 4054 4835 294 2133 27 198 20 380

Max 9259 30760 73 52276 11990 6509 5217 335 2705 34 252 21 489

Mean 7402 39833 7.0 61 423 10958 5444 5209 288 3080 52 224 17 7

Total S.D 1211 9705 7.0 27 330 1273 1411 757 88 884 49 107 4 300

(n=15) Min 5756 25240 33 34 190 8559 3863 4069 94 2133 25 130 11 366

Max 9259 56600 30.8 125 1529 12540 9509 6782 451 5596 228 506 26 1359

Playgroundg,ass4) No Sampling

Y Classroom using playground soil, 2 Playground soil, ” Classroom using playground grass, 4 Playground grass, % Standard Deviation
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Table 3. Mean concentration of trace elements(ug/g) in school dust in other cities, Korea

City Sample size  Cd Cr Cu Mn Ni Pb Zn  Particle size(pm) Digestion
Class" 45 6.6 63 366 345 45 289 695
Daegu Play” 30 0.6 20 17 486 6 13 60 <100 HCl +HNO;
Street” 48 9 159 329 550 82 152 725
Dacjeon Class 31 6.30 - 819 - - 1715 4034 - HCI
Class 19 4.6 71 124 176 38 291 350
Gochang <100 HNO; +HCIO4+HCI
Play 10 14 34 26 146 15 98 106
Incheon Class 16 5.65 - 1762 - - 138.7 919.8 - HCI
) Class 56 6.3 107 715 231 71 268 866
Jeonju <100 HNO; +HCIO,+HCl
Play 17 3.0 94 87 245 42 107 364
Kongju Class 13 2.05 - 545 - - 94.1 453.0 - HCl
Seoul Play 16 0.20 - 208 - - 31.2 82.1 <180 HNO; +HCIO,

Y Clagsroom dust, ? Playground soil, ¥ Street dust
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< Cd 1.5 pg/g, Cu 50 pg/g, Ni 40 pg/g, Pb 100 ug/g, Zn
300 pg/goliL, EFLANA7)EB)S Cd 4 pg/g, Cu 125
ug/g, Ni 100 pg/g, Pb 300 pg/g, Zn 700 pg/golAch &m
w3 3£ LFAG(PI, Pollution Index):= o]
A AN T1EFS ol &aRAen ol 2 Hoziy
&3¢ 2= Table 49 2t

Table 4. Pollution index of heavy metals(Cd, Cu, Ni, Pb, Zn) in school dust

PI>1.0 PI<1.0 P’
School Number % Number % MeanS.D?
A B A B A B A B A” BY
Urban(n=15) 15 14 100 93 0 1 0 7 3.94£1.07  1.530.41
Classroom,o” Rural(n=15) 15 7 100 47 0 8 0 53 3.08+2.10 1.18+0.84
Total(n=30) 30 21 100 70 0 9 0 30 3512170 1.35+0.67
Urban(n=15) 0 0 0 15 15 100 100 0.27+0.08  0.10£0.03
Playgroundge” Rural(n=15) 0 0 0 15 15 100 100 0.22+0.07  0.090.03
Total(n=30) 0 0 0 0 30 30 100 100 0.25£0.03  0.10+0.03
Urban(n=13) 13 13 100 100 0 0 0 0 4.02¢1.65  1.570.65
Classtoom yass Rural(n=2) 2 1 100 50 0 1 0 50 2.59+0.69  1.00£0.26
Total(n=15) 15 14 100 93 0 1 0 7 3.83:1.62  1.49+0.64

" Pollution Index, ” Standard Deviation, ” Soil pollution worry standard(Korea), ¥ Soil pollution countermeasure standard(K orea)
* Classroom using playground soil, ® Playground soil, ” Classroom using playground grass
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Table 5. Correlation coefficient among trace elements in school dust using playground soil(n=30)

Classroom Al Ca Cd Cr Cu Fe K Mg Mn Na Ni Pb \Y Zn
Al (1.0)

Ca -0.13 (1.0

Cd 000 -0.12 (1.0)

Cr -0.08  -0.07 015 (1.0)

Cu 0.00 032 -0.22 -002 (1.0

Fe 0.67 -0.57 0.07 0.09 -020 (1.0)

K 0.04  0.61 007  -0.06 008 -044 (1.0)

Mg 020 043 -042 -027 067 -006 014 (1.0

Mn 078 -024  0.04 002 -0.11 0.78 -0.12 0.08 (1.0)

Na -036 053 -004 -002 017 -054 0.70 006 -029 (1.0)

Ni -0.03 0.03 0.54 022 -0.02 0.08 0.17  -0.23 0.15 0.16 (1.0

Pb -0.18  -0.14  0.51 0.79  -0.11 002 003 -032 -0.07 0.02 030 (1.0

\Y 0.60 -0.57 -0.05 005 -0.21 091 -038 -006 0.68 -046 0.06 0.00 (1.0)

Zn 0.08 011  -0.18 006 041 -0.08 0.8 020 -0.12 0.11  -0.06 -0.04 -0.07 (1.0)
Playground Al Ca Cd Cr Cu Fe K Mg Mn Na Ni Pb v Zn
Al (1.0)

Ca -0.12  (1.0)

Cd -0.23 033  (1.0)

Cr 0.35 0.12  -0.19 (1.0)

Cu 059  -0.03 0.06 021 (1.0

Fe 082 -042 -029 030 036 (1.0)

K 0.39 0.11  -0.10 026 009 027 (1.0)

Mg 0.75 0.19 -0.18 032 053 051 0.60 (1.0

Mn 085 -021 -020 024 043 0.79 034 053  (1.0)

Na -0.23 019 -012 -0.07 -005 -040 -0.03 -007 -015 (1.0)

Ni 0.32 0.10 -0.14 097 023 030 026 030 026 -0.10 (1.0)

Pb 0.02 -0.06  0.25 0.18  0.06 011 -0.02 -0.13 0.12  -0.10 023 (1.0)

A 084 -012 -0.25 0.44 038 0.84 047 063 0.65 -0.18 0.38 001 (1.0)

Zn 044 -028  0.05 0.08 0.28 056 027 026 045 -0.11 0.11 049 051 (1.0)

Correlation coefficients exceeding 0.30 are significant at a level of 0.05.
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A 7193 94(Cd, Cu, Ni, Pb, Zn)9] HZA 459 FE319)
B, BAAY0] s&AQRTY R Bt AN Table
13} Table 2)9t= 22 wgols dggct IW EYLE
B AL EEE o8 AL EGo gLzt B
FLAdrIE S AL L9AF 1.0 2348 BS, E
FEEEE ol 83e WA(ZIAAE : 30/30F, 213/308)
AN EERE olgdte TAEAAR : IS/15E, 143
53l A 71 E2F(ELTA : 100%S 70%, ATl :
100%%} 93%)3 HF LA EYRA : 3.513 1.35, AT
A : 3837 1.49)7} & po]E Holx= ggirh

34, StUHX|0 &RE O|2ARAMES MmN M
FeEEE ol g3t FuwAd FHE vBIAY
SBEE NS AR JBASFEA Table 59
- EBHLE AT 2EF2 AAFY LAY HR7Q
AlZ Fe, MnZHRA : 0.673} 0.78, £E3 : 0.829} 0.85) =

e
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22 Fed} Mn7HRA : 0.78, 5% : 0.79)¢) {93 A4
4(P<0.05)g HGch EF A4HA A9 AAF &
A9 AEQ VI Al Fe, MnZHZA : 0.603} 091, 0.68, &
7 : 0848 0.84, 0.65) I8 Cu9} MgzHZA : 0.67,
TEF : 053)dE FoF FHFHH(P<0.05)g EIoh
Agraod WAL AAF Y HJEQI Cad K, Mg,

Nazk0.61, 0.43, 0.53), K& Naz0.70), 9914 49 A

£9l Cd3} Ni, Pb7H0.54, 0.51), Cr3} PbZH0.79), Cus} Zn
740.41), Niz} PbzH0.30), 282 99l HAYH} Q9]
A 24D HEJ] Cadt Cufl0.32)] #<8 FBFAHP<
0.05)g Btk =9 579 dee AdA3L 249 4
£ Al# K, MgzH0.39, 0.75), Fed MgzH0.51), K# Mg,
MnZH0.60, 0.34), MgZ Mn7H0.53), 9$131¢] 249 A&
Q1 Cr3}t Ni, VZH0.97, 0.44), Cugt V7ZH0.38), Nid+ vzt
(0.38), Pb3} ZnzH0.49), VI Zn7k0.51), 223 A=A
SAAF A19H HAY 8] AlF Cr, Cu, Ni, ZnZt

Table 6. Correlation coefficient among trace elements in school dust using playground soil(n=15)

Urban \ Rural Al Ca Cd Cr Cu Fe K Mg Mn Na Ni Pb \% Zn

Al (1.0)  -041 0.01 -0.18 -0.01 0.68 0.02 0.09 070 -0.44 0.14  -0.07 059 -0.12

Ca (1.0) -0.08 0.59 040  -0.69 0.59 035 -0.48 0.55 0.08 024  -0.79 0.47

Cd (1.0) 012  -020 -0.05 0.06 -0.37 0.01  -0.21 0.53 0.77 -0.16 -0.21

Cr 0.14  -043 0.58 -021 -035 0.21 0.08 052  -043  -0.07

Cu (1.0) -0.28 0.18 072 -0.16 020 -0.02 -021 -0.30 0.86

Fe (1.0) -042 001 082 -0.53 016 007 089 -026

Classroom K 0.09  -0.30 0.57 0.22 034 -041 0.38
Mg (1.0) 0.05 0.05 -027 -0.19 -0.06 0.67

(1.0)  -038 002 -0.13  0.64 -0.30

Urban \ Rural Al Ca Cd Cr Cu Fe K Mg Mn Na Ni Pb \ Zn

Al 0.03 -0.03 0.45 0.18 0.76 032 0.56 088 -0.55 0.46 0.29 0.79  0.64

Ca (1.0) 022 -0.09 0.12 0.41 0.01 037  -0.12 026 -010 -005 -0.14 -0.26

Cd (1.0) -0.35 0.28 025 -001 -0.09 0.18 0.03 -0.27 024  -0.37 0.39

Cr 0.15 0.42 0.18 0.25 038 -0.15 0.99 0.21 0.48 0.15

Cu -0.06 0.23 0.49 0.19  -0.10 0.28 044  -027 0.29

Fe 0.14 0.23 077  -0.67 0.44 0.17 0.78 0.56
Playground K 0.60 0.14  -0.17 020 -0.09 0.44 0.39
Mg 033 -0.24 0.27  -0.09 0.33 0.20

Mn -0.39 0.42 0.44 0.64 0.79

Na -0.17  -0.16 -040 -0.35

Ni 0.29 0.43 0.23

Pb (1.0) 001 039

(10) 050

Correlation coefficients exceeding 0.41 are significant at a level of 0.05.
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Table 7. Correlation coefficient between classroom and playground dust using playground soil

Area Al Ca Cd Cr Cu Fe K Mg Mn Na Ni Pb \ Zn
Urban(n=15) 025 | -0.06 | -0.19 | 038 | 0.73* | 008 | -0.16 | 0.49%| -0.14 | 0.50* | 0.27 | 0.16 | 0.37 | -0.30
Rural(n=15) 0.13 0.00 | -0.06 | -0.16 | 0.53* | 0.20 0.18 [ -0.04 | -023 | 0.13 | -0.12 | 0.03 | 0.25 0.65*
Total(n=30) 020 | -0.03 | -0.04 | 0.12 | 0.46% | 0.17 0.05 | 018 | -0.17 | 0.39* | -0.04 | 0.10 | 0.36* | 0.06

* : Correlation coefficient is significant at the 0.05 level.
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