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Trace Element Analysis and Source Assessment of Parking
Lot Dust in Large Shopping Mall
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Abstract : A total of 48 dust samples were collected from large shopping mall parking lots in Daegu metropolitan city in March
2011. Samples were sieved through a 100 pum 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 affected by natural sources while Cd, Cr, Cu, Ni, Pb and
Zn were affected by anthropogenic sources. The measured values were remarkably higher in components from natural sources than
in components from anthropogenic sources. Anthropogenic trace element concentrations of ground roof dust were higher than those
of ground and underground indoor dust. A large percentage of trace elements came from natural sources rather than anthropogenic
sources. The percentage composition of chemicals of ground roof dust were higher than those of ground and underground indoor
dust. This study showed that investigated parking lots were rarely contaminated with hazardous heavy metals. The heavy metal pol-
lution of ground roof were higher than those of ground and underground indoors. The correlation analysis among trace elements
suggest that components in ground roof were more highly correlated than those in ground and underground indoor. Also anthropogenic
trace element levels were well correlated with parking lot age and parking density.

Key Words : Dust, Large Shopping Mall Parking Lots, Trace Elements, Parking Density
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Table 1, Characteristic of different sampling sites

Ssampling _ Sampling site . . .
Age Floor Bottom Ventilation Wall Area Parking number Parking density
place (year) F material type type (m?) (car) (car/m?)
#1 9 B2F Epoxy Forced Close 13,817 317 0.023
#2 10 3F Epoxy Natural Partial open 6,714 136 0.020
#2 10 4F (roof)  Epoxy Natural Open 1,014 186 0,183
#2 10 1F Epoxy Natural Partial open 3,354 87 0.026
#2 10 6F (roof)  Epoxy Natural Open 321 80 0.249
#3 7 3F Epoxy Forced + Natural Partial open 12,232 384 0.031
#3 7 4F (roof)  Concrete Natural Open 1,637 336 0219
#4 10 3F Epoxy Forced + Natural Partial open 5,738 194 0.034
#4 10 5F (roof)  Urethane Natural Open 5,855 195 0.033
#5 12 4F Concrete Forced + Natural Partial open 6,925 121 0.017
#5 12 8F (roof)  Concrete Natural Open 5,004 214 0.043
#6 11 2F Epoxy Forced + Natural Partial open 4,357 79 0.018
#6 11 7F (roof)  Epoxy Natural Open 209 105 0,502
#7 10 3F Epoxy Forced + Natural Partial open 9,768 297 0.030
#7 10 4F (roof)  Epoxy Natural Open 1,923 359 0,187
#8 9 B2F Epoxy Forced Close 10,754 241 0.022
#9 7 1F Ascon Natural Partial open 2,573 69 0.027
#9 7 3F (roof)  Concrete Natural Open 2587 90 0.035
#10 8 1F Epoxy Natural Partial open 3,434 76 0.022
#10 8 4F (roof)  Epoxy Natural Open 3,434 104 0.030
# 11 14 3F Epoxy Natural Partial open 4147 106 0.026
# 11 14 7F (roof)  Concrete Natural Open 341 130 0.381
#12 4 B3F Epoxy Forced Close 10,579 275 0.026
#13 9 B3F Concrete Forced Close 20,952 590 0.028
#14 13 B3F Epoxy Forced Close 7,130 258 0.036
#14 13 2F Epoxy Natural Partial open 4,467 128 0.029
#14 13 5F (roof)  Urethane Natural Open 606 149 0.246
#15 1 B2F Epoxy Forced Close 13,113 313 0.024
#16 10 B1F Epoxy Forced Close 12,750 435 0.034
#16 10 3F (roof)  Concrete Natural Open 11,738 435 0.037
#17 14 1F Urethane Forced + Natural Partial open 4,445 161 0.036
#17 14 5F (roof)  Urethane Natural Open 2,970 126 0.042
#18 18 B2F Epoxy Forced Close 7,129 99 0.014
#19 14 B2F Epoxy Forced Close 2,376 55 0.023
#19 14 B1F Epoxy Forced Close 1,149 31 0.027
#19 14 1F Epoxy Natural Partial open 1,032 20 0.019
#20 27 B2F Epoxy Forced Close 4,357 81 0.019
#20 14 1F Epoxy Natural Partial open 1,786 46 0.026
#20 14 6F (roof)  Epoxy Natural Open 150 52 0.347
#21 15 B3F Epoxy Forced Close 3,761 120 0.032
#21 15 B1F Epoxy Forced Close 1,341 40 0.030
# 21 15 1F Epoxy Natural Partial open 1,474 31 0.021
#22 11 B2F Epoxy Forced Close 3,420 256 0.075
#23 6 5F (roof)  Epoxy Natural Open 2522 368 0.146
#24 7 B2F Epoxy Forced Close 5,926 134 0.023
#25 1 B2F Concrete Forced Close 15,729 400 0.025
#25 1 3F Concrete Forced Close 7,556 169 0.022
#25 1 6F (roof)  Concrete Natural Open 2,311 199 0.086
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Table 2, Enrichment factor of trace elements

Element Ground roof  Ground indoor  Underground  Total
(n=16) (n=16) indoor (n=16)  (n=48)
(Al (1.0) (1.0) (1.0) (1.0
Ca 98 8.6 103 96
Cd 9225 4104 4465 6108
Cr 44 1 26.8 36.7 36.3
Cu 647 14 1464 925
Fe 42 46 49 46
K 08 10 15 11
Mg 37 48 47 43
Mn 7.0 70 75 72
Na 03 14 15 1.0
Ni 18.2 16.4 289 210
Pb 3917 746 98.0 1990
\ 36 43 40 39
Zn 139.2 1387 1721 1494
AW F YaHEY Bx )
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47410 ol3tel grolwl AheiAel WA g
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= sk

AhEE AAEH5FA = Cd>Pb>Zn>Cu> Cr>Ni>
Ca>Mn>Fe>Mg>V>K>Na <08 247} =9t
o]7]o| A Ca, Fe, K, Mg, Mn, Na, VAEL =44 10

Table 3, Analytical results of trace elements (ug/g)
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Pb>Cu>Cr>Ni>V>Cd £2 2 £9r=1)|, o] Table 29
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Parking lot Al Ca Cd Cr Cu Fe K Mg Mn Na Ni Pb \ Zn

Mean 10227 37211 12 197 206 18866 3014 6218 536 1061 46 997 27 1258

GR" sDY 2688 18169 10 196 80 3438 1163 1171 131 812 29 1955 6 605
(n=16) Min 5119 16190 0 55 110 12860 1225 3876 286 242 19 83 14 425
Max 13950 69560 40 799 399 24160 5531 8173 748 2938 142 7155 34 2324

Mean 8747 27938 4 102 194 17429 3011 6893 456 4368 36 162 28 1071

G SD 1088 5934 2 23 53 1396 1215 753 60 4035 9 85 4 578
(n=16) Min 6675 20920 2 75 128 156280 1571 5072 344 1208 26 63 19 550
Max 11390 39960 8 157 324 21060 6651 8126 552 15900 63 417 32 2406

Mean 8728 33598 5 140 397 18714 4584 6812 491 4704 63 213 26 1327

U SD 1564 8188 2 81 657 3421 2812 768 81 3448 66 150 5 1152
(n=16) Min 6747 23010 2 68 117 14570 2065 4905 383 1240 27 55 16 414
Max 12210 50910 9 364 2789 28800 13520 7948 700 14650 283 587 32 5105

Mean 9234 32916 7 146 266 18336 3536 6641 494 3378 48 457 27 1219

Total SD 1992 12364 7 127 387 2925 1996 948 99 3458 43 1174 5 812
(n=48) Min 5119 16190 0 55 110 12860 1225 3876 286 242 19 55 14 414
Max 13950 69560 40 799 2789 28800 13520 8173 748 15900 283 7155 34 5105

Y Ground roof, @ Ground indoor, ¥ Underground indoor, * Standard Deviation
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Aoz -5 AHE(Cd, Cr, Cu, Ni, Pb &) =~
ngle $EO A= HArh EF ol it $3%
57 FHUA ATAEL A ERHA ] H]F
FAGEA F AR A9H WY Aol B £ =

(Pb : 2} 457 pg/g, == 152 pglg, Zn . F24 1,219 pg/
g B2 725 pgg)s Bt ol o5 At g AN
Z7}20] 21- 7 0] FES v EolEl o] 7] Lof Qo) =

o=2 twi- O
_L.—_7~o] Al—tﬁﬁo

o] A5 Asle] wRols g

=
Sa=

21917 WA ARl Cd,

Cr, Pbo] t}2 4 —E—°ﬂ ] 3l 2
YRt B2 =2 555 BrhCd 3.0u1} 2.4, Cr
1.9uj} 1.48), Pb 623H9} 4.74)). ol= EA A9} A7) 7}

o=
ool Atz Aok a) A4Sl
Sft wue) h, S A3 BHAT) Qe AL, RS 5
Z (A 0.173 car/m’, AAFEI 0.025 car/m’, *|3}
4t 0.029 car/m’), H] W 5 AR O] HZ Fo] Yo JIF
& Zak= AR ol Table20]4] 1914 gl 4
Cdz} Cr, Pbe] Hgol = A AFeApo] A AL} 75}
o wla) HsEART} BT AATE e e

o X }X”’*Xloﬂ T mFEad (147 ) =
Table 20| 4 ©.¢1910] HA 0] sholo T A =AE =}
9] A B o] FHAl+ Ca+Fe+K+Mg+Mn+Na+
VM 019] & Hhagel A Eo] FHCd + Cr+ Cu+ Ni+ Pb +Zn)
%ﬁh A= Table 49} 7t} o]
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Table 4, Contribution of natural and anthropogenic sources (ug/g)

Source Ground roof  Ground indoor  Underground Total
(n=16) (n=16) indoor (n=16)  (N=48)
Natural 77162 68870 77656 223687
(96.6%) (97.8%) (97.3%) (97.2%)
Anthropo- 2714 1570 2143 6428
genic (3.4%) (2.2%) (2.7%) (2.8%)
Total 79876 70440 79799 230115
(100.0%) (100.0%) (100.0%) (100,0%)
3.3. FRBX|0| #RE SIS M| 2HE BWI|

AL 7|E(A) Cd 60 pg/g, Cu 2,000 ug/g, Ni 500 ng/s,
Pb 700 pg/g, Zn 2,000 pg/go]l i, EF AU 7|=B)>
Cd 180 pg/g, Cu 6,000 pg/g, Ni 1,500 pg/g, Pb 2,100 pg/g,
Zn 5,000 pg/go] it

FAAH R o tigF 349 @ FX]4x(PI, Pollution Index)
£ golA AN 7123k olgsion ofdjel ge Ao
2 HE A&ES Z23= Table 59F

Cd3Fe¥/A(B)+ Cudrel/A(B) + Nighel/
A(B) +Pbale}/A(B) + ZnEFe/A(B)

2AXS(PI) =

AAARE B FALe BFod ey Bgod
fa7)2e Agstol AEE AABROAXSE 42 032

+ 0.387} 0.12+0.130.2 2 FX|47]520 1.09] 1/3& 37

LA 2] B AGAH97.8%) > A 5Hd W (97.3%) > LEQUTE o= FAPERAZF AFFY] %ol As 4 &
A FE7396.6%) ==, R Q1918 WAy JEe] 7 S AR FEE0] A9 A 2 W2 =Fo|t
= AFEAE4%) > A W2.7%) > A A WR2.2%) 2 FARTIFERE FFLBAF7 AL/ HS-2 0.49, of
2 =dt) o]#lgt Aal= Table 29} Table 3o[4 A E X 2 0.17) > A sHA WS- 0.27, T 0.10) > 2] 444 “H(Tﬁ%
Aol AFAUel At ETE AAQl F3(E T, 0.20, T2 0.03) <=2 ot IFH=E & 1 EGeHS
Cd3t Cr, Pb)S Wo] Rb=tt= AMOANE o] A= 2218 7S ALt AFEAAS F 163 5 2312 %))Ol =
& ek FEomie ogdE XU LAXG: 108 2T, A4
Table 5. Pollution index of heavy metals (Cd, Cu, Ni, Pb, Zn)
PI>10 PI<10 P
Site Number % Number % Mean = SD?
A B A B A B A B AY B*
Ground roof (n=16) 2 0 125 00 14 16 875 1000 0.49 = 0,61 017 =020
Ground indoor (n=16) 0 0 00 00 16 16 1000 1000 0.20 = 0,07 0.07 = 0,03
Underground indoor (n=16) 0 0 00 00 16 16 1000 1000 027 =007 0.10 £ 0,07
Total (n=48) 2 0 42 00 46 48 958 1000 0.32 + 038 012 +£0.13

" Pollution Index, ?

Standard Deviation, % Soil contamination warning standard(Korea)

) Soil contamination countermeasure standard(Korea)
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3.4. FXETRI0N SBRE O|YAANEO| AT 24

3.4.1. O|YUAMETIO| ALTIEH

Table 22| A3 H7HAT}o whgkct,

53| 2AtA4-2d 2w JE71 Al Mg, Mn, VI
(0.57, 0.55, 0.67), Cax} K7K0.49), Fe} K, Mn7K0.32, 0.71),
Vi} Mg, Mn7H0.73, 0.43)0] -§-2J3}oj(P <0.05) & &
£ olF 1 Sl ol HFYA &2 =& YujabdA] Sl
A SHETP e AAS Both E3F Q1A 9H 1t
A AE7EQl CdT} Cr, Pb7H0.76, 0.88), Crt Pb710.92),
Cu®} Nizh(0.38)0l &= F-2J5tof(P <0.05) HA] 22 Fe&
Oo|F L Ql=d], ol HIEAZ 52 ARFAL FolA f
PEF = AL Hojzr) o] 9ol AHeIF-¢1917 WAy
AE71el AlZ} Cd, Pb, Zn7H0.59, 0.33, 0.36), Cdz} Mn7}
(0.36), CrT} Fe, Mn7H0.31, 0.34), Cu$} Fe, Mn7H0.52, 0.37),
Fe3} Ni7H0.69), K} Ni, Zn7K0.63, 0.35), Mn3} NiZH0.33)
o T F-oJ3t AP <0.05)% H ek 21Ut AA|H o2 2
AA-Q1914 A FJETto] FEH FEE olF= Azt
(ArAA-2FA A, Q191A-Q191 2o vlsl A= qhgh ko] A
g wol Hol=d], ol gt doHl dES Wel7]
o|g7] 2ol HEst SHS oAM= HoRE F7HHU A
T7F H@astctal 2
gt AAARE AL IFHE AlEset vgdad®
7re] A B4 A= Table 73k 2t
Ao gol5l gko] AP <0.05) Kol I8HEL
AL A ETE 2870 - AA-AEA 1374, A1 1174, Q1
-0 47h) > AW (AL 1971 - ZFA-2kE 117, =}
¢1-2191 770, Q11-219] 170) > AsFEW(Ad=7E 1570« AF4-

e = == R8s
FAFHA O TFE vFHLGES] AL B4 A 67), AFA-21¢] 671, <1¢-21¢] 371) o2 A= vt
A= Table 637 2t o S Wol Halth o]k Q1S Table 13 H =)
AAA RS HH FAH SR {o3t o] 2P <0.05) o AFE N7 oL gREA | ARE =EF o] Q= A
& HOl ARORE AAR-Q9A WA AR > A g Qe XS] A vnie] RE
AR A Y HRNEAN) > AF-191F HYD Heol Usl) T2 s WrE TRERA Hus|lEe] o
AR o2 AT we ATe] Wkt o7lolA &, AEAETIs, 120 BE 5 chke o dge) B
AAd wge R 91E Y R T v)Ee Hel GRS wol 4RI Aol okl An AR
Table 6, Correlation coefficient among trace elements (n=48)
Al Ca Cd Cr Cu Fe Mg Mn Na Ni Pb Vv Zn

Al (1.0)

Ca 0.10 (1.0)

Cd 0.59 015 (1.0)

Cr 025 021 076 (1.0

Cu -0.16 0.08 -0.05 0.14 (1.0

Fe 024 -006 023 031 052 (10

K 001 049 010 013 027 032 (1.0

Mg 057 -003 018 014 -0.26 0.08 -0.06 (1.0

Mn 055 014 036 084 087 071 009 028 (1.0

Na -0.20 0.01 -0.25 -0.08 0.02 -0.19 0.21 0.1 -0.09 (1.0

Ni 013 015 -007 022 038 069 063 -014 033 005 (1.0

Pb 033 018 08 092 -002 016 006 018 023 -016 -005 (1.0

Y% 067 -020 022 002 -028 028 -034 073 043 -018 -020 010 (1.0

Zn 0.36 0.11 028 014 027 028 035 -017 025 0.06 013 014 -0.03 (1.0)

Correlation coefficients of underlined value are significant at a level of 0,05,
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Table 7. Correlation coefficient among trace elements by sites

» Ground roof (n=16)

Al Ca Cd Cr Cu Fe K Mg Mn Na Ni Pb \ n
A (1.0)
Ca 004 (10
Cd 053 -006 (10
Cr 0.29 012 085 (1.0
Cu 035 010 -015 005 (1.0
Fe 056 -028 027 026 066 (1.0
K 037 082 032 0.36 020 -0.09 (1.0
Mg 092 009 057 047 041 059 048 (1.0
Mn 077 -001 031 024 061 084 023 075 (1.0
Na 003 081 -017 -010 015 -033 078 010 -012 (1.0
Ni 016  -0.01 -0.23 0.04 0.80 058 0.02 0.18 056 -0.06 (1.0
Pb 0.28 0.11 0.90 098 -0.10 0.18 0.34 0.44 018 -012 -014 (1.0)
v 088 -009 040 020 043 077 016 083 080 -011 024 018 (10
n 058 -028 0.38 0.36 0.45 073 -0.05 054 075 -052 048 0.30 0,65 (1.0)
* Ground indoor (n=16)
Al Ca Cd Cr Cu Fe K Mg Mn Na Ni Pb \ Zn
Al (1.0)
Ca 0.55 (1.0
Cd 0.83 057 (1.0
Cr 009 002 -016 (1.0
Cu 007 -015 003 042 (1.0
Fe 017 -004 -005 068 044 (10
K 018 063 052 -021 -002 -039 (1.0
Mg 067 0.39 038 -005 -012 026 -021 (1.0)
Mn 053 039 027 042 -002 075 -020 058 (1.0
Na -0.06 0.39 006 -031 -049 -0.39 057 -016 -013 (1.0)
Ni 006 -007 -014 068 036 078 -016 -014 055 -017 (1.0
Pb 0.19 0.31 0.34 032 -001 -0.21 0.15 002 -0.05 017 -019 (1.0)
% 054 008 016 005 -009 057 -046 081 074 -033 016 -037 (10
Zn 0.09 0.30 048 -029 018 -045 077 -034 -052 032 -030 022 057 (1.0)
* Underground indoor (n=16)
Al Ca Cd Cr Cu Fe K Mg Mn Na Ni Pb Vv Zn
Al (1.0)
Ca -0.05 (1.0)
Cd 047 0.69 (1.0)
Cr 025 020 004 (1.0
Cu -0.35 0,16 0.11 0.40 (1.0
Fe 035 014 009 033 068 (10
K 016 064 052 016 022 064 (10
Mg 051 -026 -022 -029 -073 -059 -052 (1.0)
Mn -0.28 0.03 0.00 0.35 073 054 018 -045 (1.0)
Na -007 -019 -0.06 0.41 -004 -009 -013 -0.03 0.36 (1.0)
Ni 041 034 011 057 033 081 078 -045 029 007 (1.0
Pb 012 034 0.50 073 0.33 0.10 012 -025 0.16 015 022 (1.0
Vv 052 -068 -038 -045 -050 -032 -055 073 -030 -015 -046 -044 (1.0)
n 042 0.48 070 -0.04 0.29 0.19 034 -026 0.15 0.04 0.04 012 022 (1.0

Correlation coefficients of underlined value are significant at a level of 0,05,
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Table 8, Mean concentration of trace elements (ug/g) in dust by parking lot age

Age Al Ca Cd Cr Cu Fe K Mg Mn Na Ni Pb \ Zn
A > 11year (n=22) 9696 32031 8 164 326 18895 3503 6898 510 3880 41 718 28 1365
B < 10year (n=26) 8843 33664 6 131 215 17863 3565 6423 481 2953 55 236 26 1095
A/B ratio 1.1 1.0 14 12 15 1.1 1.0 1.1 1.1 1.3 07 3.0 1.1 1.2
All subgroups are not significantly different at a level 0.05 by Mann-Whitney U test,
Table 9. Correlation coefficient between parking density and trace elements
Site Al Ca Cd Cr Cu Fe K Mg Mn Na Ni Pb \ n
Ground roof (n=16) -007 -014 055 061 -009 030 -014 009 005 -035 -016 067 001 0.16
Ground indoor (n=16) -036 -024 -030 011 -007 043 -029 -030 027 -007 053 -038 010 -0.16
Underground indoor (n=16) 067 016 048 -035 -025 -020 002 023 -022 004 -027 -015 026 081
Total (N=48) 0.21 007 067 058 -009 023 -015 -016 022 -034 -008 069 005 012
Correlation coefficients of underlined value are significant at a level of 0.05.
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