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ABSTRACT : Dust samples have been collected from streets, schools, subway stations and households in Daegu metropolitan
city. Samples were sieved through a 100 /m mesh and the concentration of 14 elements have been determined using by ICP
after acid extraction. Results showed that Ca, Fe, K, Mg, Mn, Na and V were influenced by natural sources while Cd, Cr,
Cu, Ni, Pb and Zn were influenced by anthropogenic sources. The measured values were remarkably higher in components
from natural sources than in components from anthropogenic sources. In particular, school dust had higher levels of Ca and
Pb and subway station dust had higher levels of Cu and Zn. The percentage composition of chemicals from subway stations,
households, and schools were remarkably higher in components from anthropogenic sources than that from streets. It is well
recognized that anthropogenic sources were affected by indoor dust. Results of pollution index of hazardous heavy metals
indicated that schools, households, and subway stations were more contaminated than streets and urban areas typically had
higher pollution index than rural areas. The correlation analysis among trace elements seem to suggest that there were
correlations between components of soil/road dust resuspension, and components of waste incineration and fuel combustion.
Key words : Street, School, Subway Station, Household, Trace Element
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Table 1. Sampling sites and periods in this study

Subway
ltem Street School . Household
station
Sampling period
2006.04-05| 2007.01 2008.01 |2009.01-02
(year.month)
Urban 36 28 30 24
Sampling
Rural 12 17 0 24
site
Total 48 45 30 48

Table 2. Analytical method and elements in this study

Method Instrument Element
Inductively coupled plasma 14 elements(Al,
Acid extraction emission spectrometer Ca, Cd, Cr, Cu,
(HCI-HNO3—H20) | (Perkin Elmer, ICP—OES Optima |Fe, K, Mg, Mn, Na,
4300DV, USA) Ni, Pb, V, Zn)
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Table 3. Enrichment factors of trace elements in dust by facilities

Element Street School S;:t‘i’:;y Household Total

(n=48) (n=45) (n=30) (n=48) (n=171)
Al (1.0) (1.0) (1.0) (1.0) (1.0
Ca 8.1 11.6 5.4 10.1 8.6
Cd 671.5 650.1 812.7 521.1 673.9
Cr 36.1 17.3 20.6 15.9 234
Cu 101.2 140.3 518.9 2188 2404
Fe 9.7 3.3 3.6 4.2 55
K 0.5 1.8 1.8 2.2 1.5
Mg 4.1 3.8 2.5 3.3 3.5
Mn 7.1 5.5 9.5 3.9 6.7
Na 0.1 0.9 0.9 1.6 0.8
Ni 31.6 21.5 19.7 451 28.7
Pb 58.7 138.6 111.6 40.2 87.7
\Y, 4.4 3.5 29 3.2 3.6
Zn 787 93.9 335.5 111.4 1546
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Table 4. Enrichment factors of trace elements in dust by areas
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Street School Household Total

Element Urban Rural U/R Urban Rural U/R Urban Rural U/R Urban Rural U/R

(n=36) (n=12) ratio (n=28) (n=17) ratio (n=24) (n=24) ratio (n=88) (n=53) ratio
Al (1.0) (1.0) - (1.0) (1.0) - (1.0) (1.0) - (1.0) (1.0) -
Ca 8.1 8.2 1.0 12.4 10.4 1.2 12.3 7.9 1.6 10.2 8.9 1.1
Cd 775.7 333.7 23 666.0 625.7 1.1 567.3 472.7 1.2 700.6 488.2 1.4
Cr 433 86 5.0 20.0 13.1 1.5 20.2 1.3 1.8 31.6 1.2 2.8
Cu 123.8 280 44 168.4 97.2 1.7 2788 156.0 1.8 168.6 98.7 1.7
Fe 10.2 7.8 1.3 3.3 3.1 1.1 4.3 4.1 1.0 7.0 48 1.5
K 0.5 0.5 1.0 1.8 1.9 0.9 2.3 2.0 1.2 1.3 1.5 0.8
Mg 4.4 3.3 1.3 3.9 3.7 1.1 3.6 3.1 1.2 4.1 3.3 1.2
Mn 7.2 6.5 1.1 5.6 5.4 1.0 3.7 4.0 0.9 6.0 5.2 1.2
Na 0.1 0.1 1.0 1.0 0.8 1.3 1.9 1.3 1.5 0.7 0.8 0.9
Ni 39.2 6.8 5.8 241 17.5 1.4 62.9 26,5 24 39.6 17.7 2.2
Pb 68.2 27.8 25 1411 134.6 1.0 54.0 25.7 2.1 87.0 65.3 1.3
\Y 45 4.2 1.1 3.5 3.3 1.1 3.3 3.2 1.0 4.0 35 1.1
Zn 94.0 29.0 3.2 118.6 56.0 21 130.8 91.2 1.4 108.8 61.0 1.8
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Table 5. Mean concentration of trace elements(ug/g) in dust by facilities

Element Street School Subway station Household Total+S.D*
(n=48) (n=45) (n=30) (n=48) (n=171)

Al 10435 8388 13661 6363 9319+3063
Ca 31518 36404 27747 24091 30057 £10854
Cd 9 7 14 4 8+7
Cr 159 63 122 44 95+149
Cu 329 366 2204 433 697 +865
Fe 43922 11882 21383 11771 22511+£17401
K 1759 53562 8647 4832 4775+2664
Mg 7070 5311 5682 3497 5361£1754
Mn 550 345 969 183 466300
Na 364 2740 4642 3726 2683+1896
Ni 82 45 67 71 67+89
Pb 152 289 379 64 203+177
\Y, 34 22 29 15 25+ 11
Zn 725 695 4047 626 12721475

* Standard Deviation
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Table 6. Mean concentration of trace elements(ug/g) in dust by areas

Street School Household Total

Element Urban Rural U/R Urban Rural U/R Urban Rural U/R Urban Rural U/R
(n=36) (n=12) ratio (n=28) (n=17) ratio (n=24) (n=24) ratio (n=88) (n=53) ratio
Al 10636 9834 1.1 8152 8777 0.9 6507 6219 1.0 8720 7858 1.1*
Ca 32047 29929 1.1 37778 34141 1.1 29880 18303 1.6* 33279 26016 1.3*
Cd 10 4 2.5* 7 7 1.0 5 4 1.3 7 5 1.6
Cr 200 37 5.4* 71 50 1.4% 57 31 1.8* 120 38 3.1*
Cu 409 86 4.8* 427 265 1.6* 564 302 1.9* 457 241 1.9*
Fe 47413 33448 1.4* 11852 11932 1.0 12315 11227 1.1 26526 16484 1.6*

K 1744 1802 1.0 5156 5674 0.9 5302 4362 1.2* 3800 4203 0.9
Mg 7660 5300 1.4* 5290 5347 1.0 3824 3171 1.2 5860 4351 1.3*
Mn 575 477 1.2 339 355 1.0 178 188 0.9 391 307 1.3*

Na 364 363 1.0 2791 2656 1.1 4447 3006 1.5* 2250 2295 1.0
Ni 104 17 6.1* 49 38 1.3* 102 41 2.5% 86 35 2.5*
Pb 181 68 2.7* 286 294 1.0 87 40 2.2* 189 128 1.5*
\Y 36 31 1.2 22 22 1.0 16 15 1.1 26 21 1.2%
Zn 883 252 3.5* 854 434 2.0* 752 501 1.5* 838 423 2,0*

*

indicates that subgroups are significantly different at a level 0.05 by Mann—Whitney U test.
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Table 7. Contribution of natural and anthropogenic sources(ug/g) in dust by facilities

Street School Subway station Household Total
Sources
(n=48) (n=45) (n=30) (n=48) (n=171)
Natural 95652 70444 82760 54478 303334
atural
(98.5%) (98.0%) (92.4%) (97.8%) (96.5%)
Anth ) 1456 1465 6833 1242 10996
nthropogenic
Pos (1.5% (2.0%) (7.6%) (2.2%) (3.5%)

Table 8. Contribution of natural and anthropogenic sources(ug/g) in dust by areas

Street School Household Total

Sources Urban Rural Urban Rural Urban Rural Urban Rural
(n=36) (n=12) (n=28) (n=17) (n=24) (n=24) (n=88) (n=53)
Natural 100475 81184 71380 68904 62469 46491 234324 196579

atural

(98.3%) (99.4%) (97.7%) (98.4%) (97.6%) (98.1%) (97.9%) (98.8%)

) 1787 464 1694 1088 1567 919 5048 2471

Anthropogenic

(1.7%) (0.6%) (2.3%) (1.6%) (2.4%) (1.9%) (2.1%) (1.2%)
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Table 9. Soil contamination warning and countermeasure standards in Korea

School & Household Street & Subway station
Soil contamination standard
Warning(A) Countermeasure(B) Warning(A) Countermeasure(B)
Cd(ug/g) 4 12 60 180
Cu(ug/9) 150 450 2000 6000
Ni(ug/g) 100 300 500 1500
Pb(ug/g) 200 600 700 2100
Zn(ug/9) 300 900 2000 5000
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Table 10. Pollution index of heavy metals(Cd, Cu, Ni, Pb, Zn) in dust

PIY 10 PI¢ 10 PV
Facilities Number % Number % Mean+S.D”
A B A B A B A B AY B*
Urban(n=36) 0 0 0.0 0.0 36 36 100.0  100.0 0.26+0.14 0.09%0.05
Street Rural(n=12) 0 0 0.0 0.0 12 12 100.0  100.0 0.07%+0.03 0.03%+0.01
Total(n=48) 0 0 0.0 0.0 48 48 100.0  100.0 0.21+0.14 0.07+0.05
Urban(n=28) 28 2 100.0 71 26 0.0 92.9 1.85+0.58 0.62+0.19
School Rural(n=17) 10 1 58.8 5.9 16 412 941 1.35+0.77 0.45+0.26
Total(n=45) 38 3 84.4 6.7 42 15.6 93.3 1.66+0.70 0.55%+0.23
Urban(n=30) 5 0 16.7 0.0 25 30 83.3 100.0 0.81+0.19 0.30+0.07
Subway
station Rural(n=0) - - - - - - - - - -
Total(n=30) 5 0 16.7 0.0 25 30 83.3 100.0 0.81+0.19 0.30%0.07
Urban(n=24) 18 3 75.0 125 6 21 25.0 87.5 1.77+£1.22 0.59+0.41
Household  Rural(n=24) 11 0 45.8 0.0 13 24 54.2 100.0 1.04+0.44 0.35+0.15
Total(n=48) 29 3 60.4 6.2 19 45 39.6 93.8 1.40%+0.98 0.47+0.33

" Pollution Index, 2 Standard Deviation

3 Soil contamination warning standard(Korea),
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Table 11. Correlation coefficient among trace elements in dust(n=171)
Total Al Ca Cd Cr Cu Fe K Mg Mn Na Ni Pb \Y Zn
Al (1.0)
Ca 0.13 (1.0
cd 038 -0.01 (1.0)
Cr 0.23 0.04 0.19 (1.0
Cu 044 -0.03 0.22 017 (1.0
Fe 031 011 019 065 003 (1.0
K 023 -0.03 037 -0.12 055 -047 (1.0
Mg 0.63 0.41 0.27 0.22 0.04 050 -0.25 (1.0)
Mn 082 —0.01 0.44 037 0.70 0.42 0.32 0.47 (1.0)
Na -0.05 -0.12 015 -0.16 046 -0.54 084 -045 0.04 (1.0
Ni 0.03 0.07 0.16 0.83 0.14 050 -0.06 0.02 0.19 0.03 (1.0)
Pb 0.38 0.1 0.52 0.24 0.33 0.09 0.48 0.22 0.51 0.24 0.12 (1.0)
\Y 0.68 0.03 0.36 0.38 0.02 062 -0.18 0.69 057 -0.38 0.23 0.30 (1.0
Zn 058 -009 055 017 068 006 067 016 071 050 014 055 031 (1.0
Correlation coefficients of underlined value are significant at a level of 0.05.
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Table 12. Correlation coefficient among trace elements in dust by areas(n=urban 118, rural 53)

A

Urban \ Rural Al Ca Cd Cr Cu Fe K Mg Mn Na Ni Pb \Y Zn
Al (1.0) 0.21 0.21 0.15 -0.18 0.19 -0.00 0,71 089 -045 -025 0.25 082 -0.14
Ca —0.00 (1.0) 0.25 0.37 0.06 0.45 0.18 0,42 0.16  -0.09 -0.10 0.48 0.04 -0.06
Cd 033 -0.19 (1.0) 027 -0.13 -0.09 0.27 0.20 0.18 —-0.03 0.32 0.68 0.05 -0.08
Cr 0.18 —-0.06 0.12 (1.0) 0.02 0.01 0,31 0,39 0.19 0.09 0.24 0,59 0.09 0.09
Cu 044 -0.18 0.15 0.09 (1.00 -o0.21 0.25 0.09 -0.23 0,38 024 -0.05 -0.30 0,74
Fe 027 -0.09 0.17 069 -0.05 (1.00 -057 0.13 034 -057 -024 -0.11 037 -0.30
K 024 -0.15 036 -0.19 057 -0.52 (1.0) 0.02 -0.20 0.73 0.26 049 -0.35 0.38
Mg 0,54 0.33 0.18 014 -0.14 055 -0.42 (1.0) 075 -027 -0.14 0,42 0,63 0.15
Mn 079 -0.19 0,39 0,32 0,72 0,37 0,36 0,33 (1.00 -055 —0.21 0.21 088 -0.19
Na -0.02 -0.19 0.14 -0.23 046 —0.60 085 —0.63 0.08 (1.0) 0.36 0.12 -0.63 0.55
Ni —-0.03 0.02 0.08 0.83 0.06 054 -0.13 -0.08 0.14 -0.03 (1.0) 026 —-0.25 0.29
Pb 034 -0.15 0,45 0.18 0,31 0.06 0,46 0.03 0,51 0,23 0.04 (1.0) 0.08 0.04
\Y, 061 -0.07 0,36 038 -0.06 065 -0.20 0.67 048 -0.39 0.23 0.30 (1.00 -027
Zn 060 -0.26 0,53 0.08 063 -0.02 0,72 0.01 0,71 0,51 0.04 0.57 0.28 (1.0)
Correlation coefficients of underlined value are significant at a level of 0.05.
theterzZstaln | M32 M3s | 20101 38 ||



294

Korean Socity of Environmental Engineers
el - =aiA - TS| - ZEQ - AN - WY

ooST

2 4
T BT As ST Hig AR gt
A A A A 9 Sed A 5 2Rk =
A5 s Agsfof gt ok vabHAEA g
of g Aelstal =2 AeA4 o W Al &3
= =eof etk =4, stue Sl freledol oHE
Al o2 HEEE ANES ASAQ] 1S3 Alge] 2a
shal, wA o) #7129 @734, A & il &
THe Yo RRE HE EU 4 =T HA9 ke 7
&olof gt} 3 WSPPI=L SMYF0] oSk 5
Fo EYEERGE Feeiit R diAES H=27 Ad
o] "askal, SEPATT fofdt HAE=F Soll et

AN S M 0 vhaslof Sk AU, XI5telAk

= @A) 1.5mel 87|70 gyl 9ol ol(el, X4

6mel 72 ulAEA oF 10% AZETHDE AAelN H)

3t ol an, AmALe] uAHAX 7 AU R §9IEX) JER 5
T}

el 2z A2g Bejsis AdEo|(d, A%

o

9, FEe Fenlel dydr, A5, YREE 5
AZAE A7\

e o) ki3
= =S|
G A7) ffsfistez FHee Fof 2| st &4
©
=

=

|
wpebA] oje} o] A flsiAl L A= viEdl
a

Bon
ox
Siid
ofy

oAl Ca, Fe, K, Mg, Mn, Na,
VE 4229 2Adusel dE AFAZ Q] wAe] JgF
. 718]31 Cd, Cr, Cu, Ni, Pb, Zn< QI7Fe] ShEa} 3+

el

=

B Ql9)2el WAS] oS W HoR S
=]

Ht

3) vlFULRRY ZAMELL Ko
A% Aoler1e] gL HHHo
|

e 2|5t Abol| wlE|, 1]l Q19jF

e
o=
e

1
gl
N

=l fr
roN Lo

o

0

on % ox
El

:

it

o
oo Lo
T3

119

el

rir

&
Jo
:oé
N
o
B
oX
Sis
1o
to
o2
il
rr
A
o2
il
L 0
oH
)
ro,
)
El
N

At B Rk AjE o Rob, %

of 12 &

offt
©
52
Mo
H1
>
N
18
©
I
N
of4
N Y
o
i)
rlo

= ok
/g S FHAl E2 mEAM
7

Ca, Fe, K, Mg, Mn, Na)o|, 12]a ¥

19 7

e

v

o

=
o

lo

1. Fergusson, J. E. and Kim, N. D., “Trace elements in street
and house dusts : sources an speciation,” Sci. Total Environ.,
100, 125~150(1991).

2. el Al, dhe] 317, A, pp. 101(2009).

3. Banerjee, A. D. K., “Heavy metal levels and solid phase
speciation in street dust of Delhi, India,” Environ. Pollut.,
123(1), 95~105(2003).

4. Ramlan, M. N. and Badri, M. A, “Heavy metals in tropical
city street dust and road side soils: a case of Kuala Lumpur,
Malaysia,” Environ. Tech. Lett., 10, 435~444(1989).

5. Schwar, M. J. R., Moorcroft, J. S., Laxen, D. P. H,
Thompson, M., and Armorgie, C., “Baseline metal-in-dust
concentrations in Greater London,” Sci. Total Environ., 68,

25~43(1988).

I Journal of KSEE | Vol.32, No.3 | March 2010



10.

11

12.

13.

14. o]A%

15.

16.

17.

18.

. Ferreia-Baptista, L. and De Miguel,

. Rasmussen, P. E., Subramanian, K. S.,

E., “Geochemistry and
risk assessment of street dust in Luanda, Angola : A tropical
urban environment,”

Atmos. Environ., 39(25), 4501~4512

(2005).

. De Miguel, E., Llamas, J. F., Chacon, E., Berg, T., Larssen,

S., Royset, O., and Vadset, M., “Origin and patterns of

distribution of trace elements in street dust: Unleaded petrol

and urban lead,” Atmos. Environ., 31(17), 2733~2740
(1997).
Robertson, D. J., Taylor, K. G, and Hoon, S. R, *

Geochemical and mineral magnetic characterisation of urban

sediment particulates, Manchester, UK,” Appl. Geochem.,
18(2), 269~282(2003).

and Jessiman, B.,
“Geochemistry of house dust, soil, and street dust in the city
of Ottawa, Canada,” 2000 CSEG Conference, www.cseg.ca/
conference/2000/session/ss03-1.htm(2000).

Chattopadhyay, G., Lin, K. C. P, and Feitz, A. J,
“Household dust metal levels in the Sydney metropolitan
area,” Environ. Res., 93, 301~307(2003).

Tong, S. T. Y. “Indoor and outdoor household dust
contamination in Cincinnati, Ohio, USA,” Environ. Geochem.,
20, 123~133(1998).

Akhter, M. S. and Madany, 1. M., “Heavy metals in street
and house dust in Bahrain,” Water, Air, and Soil Pollut., 66,
111~119(1993).

Rasmussen, P. E., Subramanian, K. S., and Jessiman, B. J.,
“A multi-element profile of housedust in relation to exterior
dust and soil in the city of Ottawa, Canada,” Sci. Total
Environ., 267, 125~140(2001).

Selvet AREAlY FnEstuc)s Fah
H02 FHY FHEA] FH F4e Buel 4o o)
g A AFEASIeIA, 29(3), 21~27(2003).

2, A FIE Auhe) B9} FEE 2ol
et A" S=egastE] ], 9(6), 495-503(2000).

A8 Y2, 24, A5 A sta Aye] 249 &
=5 2 547 d=AFHEEA], 27(1), 73~82(2006).
Kim, K. W., Myung, J. H., Ahn, J. S,, and Chon, H. T.,
“Heavy metal contamination in dusts and stream sediments in
the Taejon area, Korea, J. Geochem. Explor.,” 64,
409~419(1998).

$31%, 0|29, =ak4, AH A

s L

3

gk}

olgs

=
Ho
o
)
o

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.
30.

3L

32.

&, A, “HipR Y 2] i ujRkEad R oY
2 H®7L” ekl Eele)®], 29(7), 793~800(2007).

315, =3, olds;, AlEEh a5, HXE], S A
3, “tiA S StarEAfel e
B7L" oiekebgastelx], 29(12), 1390~1399(2007).

T3k, E3l%, AlEzh B8], olis, &34, A, 19
T A s AL Bt E 2R - F
S48 5A4%7LE” digkeE3eE|A], 31(1), 42~50(2009).
E=3hA, $3l%, AAS, a5, N8|, S, A, 19
T U AN HAWR] F ngdadl BT

2dY HrE” dekgby3sls]x], 32(1), 69~78(2010).

o
ol

Ordonez, A., Loredo, J., De Miguel, E., and Charlesworth, S.,
“Distribution of heavy metals in street dust and soils of an
industrial city in Northern Spain,” Arch. of Environ. Contam.
and Toxicol., 44, 160~170(2003).

e, $ale, B 343, e oA 35
o) AEY) FUAFedEdel Add W A
¥ SERET EA” S7|uAskEx], 14(3), 163~175
(1998).

Rahn, K. A., “Sources of trace elements in aerosols-an

approach to clean air,” Ph. D. Thesis, University of
Michigan, Ann Arbor, pp.325(1971).
Taylor, S. R. and McLennan, S. M., “The Continental Crust
: Its Composition and Evolution,” Blackwell Sci., Cambridge,
Mass, pp. 46~47(1985).

Watson, J. G., “Transections receptor models in air resources
management,” An international specialty conference, San
Francisco, California, pp. 491(1988).
R, Fou WA, “ R o)
shshiel YmY BE
1245~1259(1995).
S FYE oA BeRA F

AT g 7184 skEl X, 16(5), 469~476(2000).

Z 2gunel gee
=47 Y3k aels)|x), 17(12),

) Y SR [e
U] CR=] —/Ké‘f':gq l.ﬂﬂl—*(])%“(_

A

ot
o,

R, mokad Ry AlRTE(2010).

ot

7B o] A], http://etips.me.go.kr/EP/web/etips/TP/m_statistic
/TP_statistic07.jsp(2010).

AEEHA, AT 3712 APERE A pp. 211~
212(1997).
&34, 49, A AL dF AsE YA mAHA|

(PM2.5/10) AlEjsE7},”
=E29F%(2009).




