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Trace Elements and Source Assessment of Street Dust in Daegu, Korea
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*Department of Environmental Engineering, Kyungpook National University

ABSTRACT : A total of 48 samples of street dust were collected in Daegu area during April and May 2006, were sieved below 100 pum,
and analysed by ICP for the analysis of 14 elements after an acid extraction. Results obtained from the source assessment of trace
elements using enrichment factor showed that Ca, Fe, K, Mg, Mn, Na and V were influenced by natural sources such as soil and dust,
while Cd, Cr, Cu, Ni, Pb and Zn were influenced by urban anthropogenic sources such as fuel combustion and waste incineration. The
measured values were temarkably higher in components from natural sources than in components from urban anthropogenic sources. The
concentrations of trace elements in Daegu area were generally higher than in other foreign cities. Samples originated from industrial and
commercial areas had higher concentrations of trace elements and pollution indices of heavy metals than those from residential and green
areas. The correlation analysis among trace elements indicated that the correlations among components from urban anthropogenic sources
were much significant, while those among components from natural sources were less correlated. In addition, there were significant corre-
lations between traffic density and components from urban anthropogenic sources.
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Table 1. Enrichment factors of trace elements in street dust

Element Green |Residential|Commercial| Industrial |Total mean

area(n=12) | area(n=12) | area(n=12) |area(n=12)| (n=48)
Al Lo Lo Lo Lo Lo
Ca 8.2 7.9 9.4 7.0 8.1
Cd 3337 5359 870.8 932.3 671.5
Cr 8.6 18.6 49.1 62.8 35.1
Cu 28.0 78.9 167.9 130.1 101.2
Fe 7.8 7.8 11.0 12.0 9.7
K 0.5 0.5 0.5 0.4 0.5
Mg 33 4.3 4.8 4.0 4.1
Mn 6.5 6.2 74 8.1 7.1
Na 0.1 0.1 0.1 0.1 0.1
Ni 6.9 13.5 41.0 63.5 31.6
Pb 27.8 48.2 73.3 84.0 58.7
\Y 43 4.1 4.7 47 4.4
Zn 29.1 63.4 93.9 124.8 78.7
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Table 2. Summary of analytical results(ug/g) (n=48)

Element | Mean | Median [ SD” | C.v®? | Min. Max.
Al 10435 | 10460 | 1629 0.16 4526 | 13420
Ca 31518 | 31270 | 8254 0.26 | 14070 | 71960
Cd 9 8 4 0.51 1 23
Cr 159 94 259 1.62 17 1620
Cu 329 282 237 0.72 17 955
Fe 43922 | 40075 { 19461 044 | 22590 | 118200
K 1759 1746 271 0.15 1226 2411
Mg 7070 7048 1516 0.21 1805 9371
Mn 550 544 138 0.25 139 1083
Na 364 346 69 0.19 247 524
Ni 82 42 140 1.71 1 829
Pb 152 153 99 0.65 17 696
v 34 33 8 0.22 12 69
Zn 725 696 468 0.65 47 2573

D Standard Deviation, 2 Coefficient of Variation(= Standard Devia-
tion/Mean)
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Table 3. Mean concentration of trace elements(ug/g) in street dust in other cities

City cd Cr Cu Fe Pb 7n ;Za;:ﬁ) Digestion

Daegu 9 159 329 43922 152 725 <100 HCl + HNO;

Delhi¥ 18.94 4816.94 512.28 597.63 365.92 <500 HCIO, + HNO; + HF
Kuala Lumpur” 2.96 355 1790 2466 344 <63 3 sequential
London'” 3.5 155 26000 1030 680 <500 HC1+ HNO;
Luanda'” 1.15 25.65 41.78 11572 3513 316.6 <100 HCI + HNO;
Madrid'” 61 188 19300 1927 476 <100 HCIO, + HNO; + HF
Manchester™ 113 8767 265 653 < 1000 HNO;

Oslo'? 14 123 51452 180 412 <100 HCI0, + HNO; + HF
Ottawa'" 0.6 59 188 | 25660 68 184 100-250 HCIO4 + HF
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Table 4. Regional mean concentration of trace elements(pg/g)
in street dust

Green area |Residential areajCommercial area|lndustrial area
(n=12) (n=12) (n=12) (n=12)

Al 9834 + 2212111099 + 1343] 9735+ 94611073 £ 1374

Ca [29920 + 1538432868 + 396734258 + 350829015 + 575

Element,

Cd 4+ 3 7+ 2l 10+ 3 13+ 5
Cr 37 + 19| 90 + 15 208 + 2100 303+ 450
Cu 86+ 500 272+ 68 508 + 1920 448 + 266

Fe 33448 + 1796937881 +  4464/46772 + 1215157586 + 27490
K 1802 + 378 1814+ 238 1720+ 209 1700 £ 251
Mg 5300+ 1590 7971+ 1069 7751+ 725 7260 + 881
Mn 477+ 141] 516 ¢ 60| 538 % 80\ 670+ 171
Na 363+ 73 397+ 700 345+ 44 350+ 78

Ni 17 + 9 37+ § 99+ 95 175+ 242
Pb 68+ 27 133 28 177+ 33 231+ 153
\ 31+ g 34 4 34z 2039+ 11

Zn 252+ 1170 621+ 176 808+ 128 1221+ 588
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Table 5. Pollution index of heavy metals(Cd, Cu, Ni, Pb,
Zn) in street dust

PI> 1.0 PI< 10 pa”
Area Number % Number % Meant$.D?
Green(n=12) 0 0 12 100 0.27+0.12
Residential(n=12) 0 0 12100 0.660.12
Commercial(n=12) 6 50 6 50 1.0940.35
Industrial(n=12) 5 42 7 58 1.30+0.68
Total(n=48) 11 23 37 77 0.83+0.55

" Pollution Index, * Standard Deviation
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Table 6. Correlation coefficient among trace elements in street dust(n =48)
Al Ca Cd Cr Cu Fe K Mg Mn Na Ni Pb A Zn

Al (1.0)

Ca -0.26 (1.0)

Cd 0.25 0.11 (1.0)

Cr 0.1t -0.05 0.22 (1.0)

Cu -0.09 0.01 045 0.70 (1.0)

Fe -0.22 0.28 0.25 0.75 0.73 (1.0)

K 0.60 0.03 013  -027 034 -049 (1.0

Mg 0.55 0.01 046  -0.03 0.21 -0.13 0.17 (1.0)

Mn 035  -034 0.29 0.67 0.66 0.61 -0.18 0.27 (1.0)

Na 0.23 0.28 005  -021 -023  -0.23 0.49 013  -0.18 (1.0)

Ni 0.09  -0.08 0.26 0.99 0.73 080  -029  -0.06 072 -0.21 (1.0)

Pb -0.08 0.01 0.37 0.48 0.76 0.78 -0.31 0.16 0.74 -0.14 0.57 (1.0)

A 043  -0.31 0.43 0.42 0.44 037  -0.03 0.29 0.68 0.02 0.49 0.47 (1.0

Zn 023  -0.10 0.75 0.61 0.66 058  -0.10 0.28 0.61 -0.08 0.65 0.60 0.62 (1.0)
Correlation coefficients exceeding 0.28 are significant at a level of 0.05.
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Table 7. Correlation coefficient among trace
@ Industrial area \ Commercial area

Ztell 0.45¢9}F 0.70, NiZ} Cr, Cuglol] 0.99¢}F 0.73, Pb3} Cd,
Cr, Cu, Nizte]l 037, 048, 0.76, 0.57, V# Cd, Cr, Cu,
Ni, Pbztell 0.43, 0.42, 0.44, 0.49, 047, Zn3} Cd, Cr, Cu,
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AEE o= AR 4T F 3o ojYelE A4AFHA 24

97 I3 TRLEE HE2TN= Fest Cr, Cu, Ni, Pb

= I = O
g EZE2

elements in street dust(n=12)

Al Ca Cd Cr Cu Fe K Mg Mn Na Ni Pb \' Zn
Al 0.35 0.75 -0.42 -0.56 -0.55 0.96 0.76 -0.42 0.61 -0.43 -0.37 0.33 0.13
Ca 0.08
Cd 0.22
Cr 0.57
Cu 0.52
Fe 0.55
K 0.21
Mg -0.27
Mn 0.64
Na -0.16
Ni 0.59
Pb 0.74
N -0.06
Zn 1.0)

Correlation coefficients exceeding 0.45 are significant at a level of 0.05.
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WA E2aAe G498 A2ALNRT 0@ B 79
@ Residential area \ Green area
Al Ca Cd Cr Cu Fe K Mg Mn Na Ni Pb \ Zn
Al -0.48 0.08 -0.01 -0.71 0.72 0.62 0.71 0.55 0.31 -0.24 0.78 0.27
Ca (1.0) 0.23 -0.17 0.85 -0.06 -0.39 -0.60 0.31 -0.45 0.31 -0.59 -0.42
Cd (1.0) 0.38 -0.05 0.37 0.34 0.26 0.62 0.31 0.59 0.15 0.52
Cr (1.0) 0.00 -0.36 0.67 0.59 -0.03 0.89 0.54 0.46 0.79
Cu -0.20 -0.31 0.77 0.66 0.01 0.87 0.44 0.55 0.84
Fe -0.51 -0.49 -0.57 -0.11 -0.29 0.40 -0.59 -0.38
K 0.00
Mg
Mn
Na
Ni
Pb
v
Zn

Correlation coefficients exceeding 0.45 are significant at a level of 0.05.

2+l 0.75, 0.73, 0.80, 0.78, Mn3} Ni, Pbrel 0.728} 0.74,
Mn3} Cr, Cu, V, ZnZt 0.67, 0.66, 0.68, 0.6] S0 &
A% FHP(P<0.05)& B IFA AGgEE A E2EE 1
FALHET JTY 2HETAE Table 78 23, AES
€ AT FARXNYE, 7t2EFL FAAGT 5A2Q9)
oA & Jehdie

Adde A4 HPQAFHE JEDNE FAAY(FE
ZH 7)ol FAAAZED DR}, 223 A9FHA 24
289 AR FEASFET 1470 FAANY(FETD
8T 93 Fo FBAP<0.05)S HQ Ao AU
22 gsith o EAL2 =XAG F$ Azt gEH
TAGE 54 AT AQFQA AP, a3 FLA
g9 ARode AT ALy F 7Y €3 93 T
45 A9 AHAHA LAdo 5 L tha Ho] gt
71 2L s Atsdrh

[
-
al

=

DS 0|2RAMEDL] AR
EFo] VFYAG R A= 9FE Bk 96 =
AAGAFAAER) T FAAYZAR)S vastd 3RS
A% AFE Table 83 )k Hxx99] A¢s AEF
F ASAL, HVNERD § A998 4L JFE =
A EE(C, Cr, Cu, Ni, Pb, Zn)7+S} A#HAI47F 0.52~0.84
2 vetgth B§ 449 £33 EYY Aulad 5 AdE
S A9 dFE e YR E(Fe, Mg, Mn)Zte] JRAFE
0.67~0.852 JEN F53 ZBAHL RAHP <0.05). 18
U FAAYL SAXGHE gy Aoz wEZY olg
uFALG R GRG0 FEFAE FUTh
olg|d Yeld =1 @o] ARFF HAAGY Fed AR
FH 9] AFAGA 2l AFA A8 WEHE 295
I A uigel o8 dE¥le BEAF B oumE 9de 299
L2HE =EHY g TS ol AR EUE A
22 AZAE a8 FET o ES AT FARAYGY

A

34.2.

Table 8. Correlation coefficients between traffic density and
_ trace elements

Area Cr Cu

Al | Ca ] cd]| Cr Fe | K
Green(n=9) -0.06 | 0.51 | 0.52%| 0.84*| 0.78*| 0.82*%| -0.14
Residential(n=12) 0.12] 0.27 | -0.14 | 0.14 | -0.06 | -0.09 | 0.06

Area Mg | Mn | Na | Ni | Pb | V | Zn
Green(n=9) 0.85%} 0.67*| 0.20 | 0.80*| 0.55*%| 0.39 | 0.67*
Residential(n=12) | 0.32 | 0.19 | 0.01 | 0.09 | -0.04 | 0.13 | -0.22

* : Correlation coefficient is significant at the 0.05 level.
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