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Characteristic Assessment of Heavy Metals in Dusts Collected by the Air Filtration
System at Subway Stations in Daegu, Korea
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ABSTRACT : Samples of subway dust were collected by the air filter system of 30 subway stations on Daegu subway line 1 in January
2008. Samples were sieved below 100 pum, and 14 elements were analyzed using ICP after acid extraction. Results obtained from the
source assessment of trace elements using enrichment factor showed that Ca, Fe, K, Mg, Mn, Na, V were influenced by natural sources
such as weathered rock and resuspended soil, while Cd, Cr, Cu, Ni, Pb and Zn were influenced by anthropogenic sources such as
fuel combustion and waste incineration. Concentrations were remarkably higher in components from natural sources than in components
from anthropogenic sources. Anthropogenic sources were significantly affected by indoor dusts than outdoor dusts. Results of pollution
indices of heavy metals indicated that indoor dusts were more contaminated with heavy metal ions than outdoor dusts. The correlation
analysis among trace elements indicated that components were much correlated in the order of natural sources-anthropogenic sources,
anthropogenic sources-anthropogenic sources, natural sources-natural sources in both indoor and outdoor dusts. Trace element components
of outdoor dusts were largely correlated than those of indoor dusts. In addition, indoor dusts were significantly affected by outdoor dusts
rather than depth from the surface or the average daily number of subway passengers.
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Table 1. Identification of sampling sites in subway station (Daegu Line 1)

Sites Depth Passenger Gate Ground Sites Depth Passenger Gate Ground
(m) (person/day) (basement) environment (m) (person/day) (basement) environment

#1 19.0 16,055 4 (B3F) #16 18.7 20,782 4 (B3F) Market Station

#2 16.2 8,533 4 (B2F) #17 21.8 10,613 4 (B3F) Market

#3 13.7 8,573 4 (B2F) #18 17.9 8,998 8 (B2F) Crossroads

#4 14.0 22,731 8 (B2F) Crossroads #19 20.4 23,680 4 (B3F) Station

#5 14.8 8,708 8 (B2F) Crossroads #20 15.8 9,154 4 (B2F) Crossroads

#6 182 8,295 4 (B3F) #21 23.9 11,347 4 (B4F)

#7 17.0 19,399 3 (B2F) Crossroads #22 24.7 3,011 4 (B4F)

#8 16.0 6,340 4 (B2F) #23 20.6 6,107 4 (B3F)

#9 19.1 7,908 4 (B2F) #24 15.6 6,523 4 (B2F)

#10 15.1 6,990 4 (B2F) Crossroads #25 14.7 4,484 4 (B2F)

#11 14.6 12,800 3 (B2F) #26 15.8 2,618 3 (B2F)

#12 193 8,463 4 (B3F) #27 14.7 7,284 4 (B2F)

#13 14.0 11,961 4 (B2F) Crossroads #28 14.7 5,184 4 (B2F) Cfoa:;r‘f;’ds

#14 19.0 9,399 4 (B3F) Crossroads #29 14.5 7,317 4 (B2F)

#15 18.4 38,929 4 (B3F) Crossroads #30 16.2 10,036 5 (B2F)
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Table 2. Enrichment factor of trace elements in subway sta-

tion dust
This study Song ct al*”
Element Subway station Subway station School Street
(Indoor, n=30) (Outdoor, n=30) (Indoor, n=45) (Outdoor, n=48)
() (1.0) (1.0) (1.0) (1.0)
Ca 5.4 5.0 11.6 8.1
Cd 812.7 401.2 650.1 671.5
Cr 20.6 15.4 17.3 35.1
Cu 518.9 161.9 140.3 101.2
Fe 3.6 2.7 33 9.7
K 1.8 1.4 1.8 0.5
Mg 2.5 2.5 3.8 4.1
Mn 9.5 5.4 5.5 7.1
Na 0.9 0.9 0.9 0.1
Ni 19.7 13.0 215 31.6
Pb 111.6 61.7 138.6 58.7
\ 2.9 3.2 35 4.4
Zn 3355 136.7 93.9 78.4
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Table 3. Summary of analytical results(nug/g)
Indoor(n=30) Outdoor(n=30)
Element - 5 3 - - D o -
Mean Median S.D CV Min Max Mean Median S.D CV Min Max
Al 13661 13865 1626 0.12 10280 16360 14861 14690 1572 0.11 10030 18530
Ca 27747 28215 4366 0.16 20660 38010 27771 27360 3961 0.14 20970 35580
Cd 14 11 11 0.83 5 68 7 6 6 0.81 1 36
Cr 122 112 62 0.50 75 433 100 84 54 0.55 63 334
Cu 2204 2250 885 0.40 894 4338 748 739 215 0.29 443 1258
Fe 21383 21015 2324 0.11 17580 28700 17610 17975 1401 0.08 15260 19730
K 8647 8080 2065 0.24 5848 15170 7046 7107 1986 0.28 1752 11850
Mg 5682 5850 667 0.12 4570 7076 6056 6031 431 0.07 5367 6911
Mn 969 953 195 0.20 623 1470 595 583 98 0.17 358 838
Na 4642 4292 1456 0.31 1725 8755 4904 4944 1741 0.35 1213 7952
Ni 67 63 24 0.36 35 164 48 42 23 0.47 29 141
Pb 379 341 146 0.39 183 742 228 214 68 0.30 81 347
\Y% 29 30 9 0.31 14 51 36 36 7 0.19 20 49
Zn 4047 3531 1450 0.36 2472 8030 1795 1781 352 0.20 892 2536
" Standard Deviation, 2 Coefficient of Variation (= Standard Deviation/Mean)
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Fig. 1. Concentrations of heavy metals(Cd, Cr, Ni, Pb) on sampling sites.
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Table 4. Mean concentration of trace elements(pg/g) in dust
in other places, Daegu city

This study Song et al*”
Element Subway station Subway station School Street
(Indoor, n=30) (Outdoor, n=30) (Indoor, n=45) (Outdoor, n=48)
Al 13661 14861 8388 10435
Ca 27747 27771 36404 31518
Cd 14 7 7 9
Cr 122 100 63 159
Cu 2204 748 366 329
Fe 21383 17610 11882 43922
K 8647 7046 5352 1759
Mg 5682 6056 5311 7070
Mn 969 595 345 550
Na 4642 4904 2740 364
Ni 67 48 45 82
Pb 379 228 289 152
A% 29 36 22 34
Zn 4047 1795 695 725
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Table 5. Pollution index of heavy metals (Cd, Cu, Ni, Pb, Zn)
in subway station dust

' PI>1.0 PI<1.0 p"
Sampling place 5
Number % Number % MeantS.D
Subwaystation 550 g g 3712084
. (Indoor, n=30)
This study Sub e
ubway station
2 1 1.49+0.
(Outdoor, n=30) 97 3 9030
School
62+1.
Song (Indoor, n=45) 45 100 0 0 3.62+1.64
et Street 1123 37 77 083055
(Outdoor, n=48) ' ’
Y Pollution Index, ? Standard Deviation
At gabE AHRe] H$ 3070 A" F 303(100%)

R57F L9AFTE 1.0& 2H59 A, AR A=
3070 A = 293(97%)°] LAAF 1.0 ZFH3¥TE &
GRG0 P AHA} 3712 ALHAR S 1.499] H]

& oF 2.5 Al vebge =3 A1 A
T 2 @A Vo] AT A ERwx e}
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ABGAE AH3.71) > 24(3.62) > A3 A}
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HA4gk 73»}“ Table 63 %
odle A HA **#ﬁr A A Q1 A
AlZ} VZ7H0.48), 18]a1 Ca¥} Crzk0.43), K3} Cd, Pb, V,
Zn7¥(0.82, 0.89, 0.48, 0.67), Mn¥} Cr, Cu, Nizh(Z2} 0.45,
0.70, 0.67), Mg¥} Pb, V, Zn7H0.41, 0.70, 0.44), Na¥} Cd,

R

L

Table 6. Correlation coefficient among trace elements in subway station dust (n=30)

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

Al (1.0)

Ca 0.51 (1.0)

Cd -0.15  -0.41 (1.0)

Cr 0.03 0.43 -0.03  (1.0)

Cu -0.43 0.09 -0.36 0.23 (1.0)

Fe -0.17 0.24 -0.14  0.12 0.32 (1.0)

K -022  -0.62 0.82 -0.08 -031 -0.18 (1.0)

Mg 0.50 0.46 0.17 0.15 -0.49 0.32 0.13 (1.0)

Mn -0.44 0.01 -0.04 045 0.70 0.26 0.15 -0.13  (1.0)

Na -0.06  -0.53 0.62 0.01 -0.18  -0.06  0.81  -0.00 0.08 (1.0)

Ni -0.20 0.14 0.14 0.87 0.30 0.17 0.24 0.09 0.67 0.24 (1.0)

Pb -024  -046 075  -0.04 -035 0.02 0.89 041 0.17 0.61 0.26 (1.0)

\Y% 048  -0.03 0.37 -0.02  -079  -021 0.48 070  -030 037 0.02 0.60  (1.0)

Zn -022  -0.38 0.60 -0.16  -0.40 0.27 0.67 0.44 -0.09 0.50 0.13 0.82 0.52 (1.0)
Outdoor Al Ca Cd Cr Cu Fe K Mg Mn Na Ni Pb \ Zn

Al (1.0)

Ca 0.13 (1.0)

Cd 0.53 -0.13  (1.0)

Cr 0.17 0.22 0.25 (1.0)

Cu 0.16 0.16 -0.00 -029 (1.0

Fe 0.41 0.51 0.17 0.28 0.25 (1.0)

K 0.68 0.20 039  -0.08 0.30 0.16 (1.0)

Mg 0.39 0.61  -0.05 0.31 -0.12 0.79 0.15 (1.0)

Mn 0.67 0.54 0.53 0.40 0.15 0.82 0.43 0.74 (1.0)

Na 0.56 -0.08 0.27 -0.08 0.31 -0.19  0.82  -0.20 0.09 (1.0)

Ni 0.12 0.30 0.08 095  -0.26 0.22 -0.02 0.30 0.32 0.04 (1.0)

Pb 0.64 0.37 0.52 0.15 0.14 0.41 0.82 0.37 0.67 0.59 0.22 (1.0)

\Y% 0.61 0.44 0.16 0.12 0.03 0.58 0.67 0.70 0.69 0.40 0.21 081 (1.0

Zn 0.21 0.56 0.34 -0.05 0.28 0.19 0.48 0.18 0.49 0.24 -0.01 0.62 0.33 (1.0)

Correlation coefficients exceeding 0.36 are significant at a level of 0.05.

J. of KSEE / Vol. 31, No. 1, January, 2009



WAL AFAGA Tl g EAWA G FEEA

Pb, V, Zn7}0.62, 0.61, 0.37, 0.50)°]] £-<] 3+ 474 (P<0.05)
< HYoh A dAY JEIl= Al Ca, Mgzt
(0.51, 0.50), Ca®} Mg7H0.46), KZ} NaZk0.81)° #<]3%t
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Table 7. Correlation coefficient between indoor trace elements
and other factors (n=30)

Factor Al Ca Cd Cr Cu Fe K

Depth -0.21 -0.40 0.44 -0.06 -0.17 0.09 0.51
Passenger -0.28 -0.40 0.16 -0.09 -0.02 0.07 0.39
Outdoor trace element| -0.05 0.49 0.90 0.83 024 0.11 048
Factor Mg Mn Na Ni Pb V. ZIn

Depth 0.16 0.11 038 0.07 0.52 030 0.5
Passenger -0.17 0.19 0.44 0.18 0.28 0.04 0.30
Outdoor trace element| 0.61 023 0.61 0.73 0.49 043 0.12

Correlation coefficients exceeding 0.36 are significant at a level of 0.05.
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