KEIRESTA47E #iC — Original Paper 69~78. 2010. |

XS YEt=edo] ZXMMX| F D|ZELAEE M0t 2N Eot

Trace Element Analysis and Source Assessment of Household
Dust in Daegu, Korea
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ABSTRACT : In order to investigate the degree of household dust contamination, 48 samples of household dust (24 from
urban area and 24 from rural area) in Daegu city were collected in vacuum cleaner during January to February 2009.
Samples were sieved below 100 ym, and 14 elements (Al, Ca, Cd, Cr, Cu, Fe, K, Mg, Mn, Na, Ni, Pb, V, Zn) 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, and 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 urban anthropogenic
sources. Household dust in urban area was more affected by anthropogenic sources compared with that of rural area.
Pollution index of heavy metals revealed that urban area was 1.8 times more contaminated with heavy metal components
than rural area. The correlation analysis among trace elements indicated that components were correlated with natural
sources-natural sources (Al-Mg, Al-Mn, Fe-Mn) and natural sources-anthropogenic sources (Al-V, Fe-Cr, V-Mn) in both
urban area and rural area. Trace element components of rural area were more correlated than those of urban area. Houses
that use oil for heating fuel had relatively higher contents of heavy metals rather than those using gas or electricity for
heating fuel. Houses with children also had higher contents of heavy metals. In addition, the age of houses was found to
influence the heavy metal levels in household dusts, with older houses (>10years) having higher concentrations than newer
houses (<10years) and houses located near the major road (<10 m) were found to have relatively higher heavy metal levels
in household dust.

Key words : Household Dust, Trace Elements, Enrichment Factor, Pollution Indices
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Akl A Y3t HAA Z= A HW(LDPE © 29
#, 25 cm X 30 cm, =)ol Hol wEeh = A2 eutks}
At o5 AEE ARA 1595t A ARAK & &*
Z4|(Standard Testing Seive : AAAZAL Aperture
100 um, T=HE ©]-§sto] 100 pm ©J3t= E2lsf 24§ A
2E stglon SRS AoA SES] AXAIA B4
Fholle HASHA] gttt AlREAE HZEH] o Ao A}
A1 A& (Electronic Balance : Sartrius, LE244S,
Germany)2 J&s| 3 £48 A8 1.0 g} 2:2: 2
HCI-HNOs-H209] Z3-8-H(HCIZ HNO3& #5457
&, HoO2 A2t 98) 6 mLE Y1 230557
(Ultrasonic Extractor : Elma, Transsonic 890/H,
Germany)® 95TolA 2417 &9F 53 &5 Wysia
|l AEetago] WEYRIGHRE ot & Holepdl SF
5 go] FdgFe] Fes] 25 mL7t HE=E sF3lt o
23t AA Y e AN ARE FeagEtRrtERE
FZA(ICP : Perkin Elmer, Optima 4300 DV, USA)Z
Z 14711 ¥2(Al, Ca, Cd, Cr, Cu, Fe, K, Mg, Mn, Na, Ni,
Pb, V, Zn)ll Hs} Z4 5Tt
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Table 1. Enrichment factors of trace elements in household dust
£ " Urban Rural Total ratio
ements (n=24) (n=24) (n=48) (Urban/Rural)
(Al) (1.0) (1.0) (1.0) (1.0)
Ca 12.3 7.9 10.1 1.6
Cd 567.3 472.7 521.1 1.2
Cr 20.2 11.3 15.9 1.8
Cu 278.8 156.0 218.8 1.8
Fe 4.3 4.1 4.2 1.1
K 2.3 2.0 2.2 1.2
Mg 3.6 3.1 3.3 1.2
Mn 3.7 4.0 3.9 0.9
Na 1.9 1.8 1.6 1.4
Ni 62.9 26.5 45 .1 2.4
Pb 54.4 25.7 40.2 2.1
V 3.3 3.2 3.2 1.0
Zn 130.8 91.2 111.4 1.4
2.3. X=Xz ARkEe )0 FHi-H nErdagdEe] B Y-S Rahn?
Z 48 (A 247Y, 52 2470) AlRol| tisl] ICPZ HA3t of ofaff At FEAE o83 Hrlskth A=A 9
% WA 929 FEARE 7} 2EE BT AE9 ol YazAd FEuAY darye vlms) Aol A
o2 yehyth, B3 AT QA-EAREHO o o) 7 FL A9H WAl JFE W ARWIE 2
ool FEo) oiE A4 A5 v FUREAY Aol 99l A7 FONE HRA FYUel ipow 3
ATLANIST) S #&22EZQ Standard Reference FEo] = AlS 7|EHUAE ARSI X 4EA Y H4
Matter 1648(Urban Particulate Matter)& ©]-&3sFo] A4 274 Tayloret McLennand©| AAgH A Z4AJEZE o] &

A7} FAg W o7 348 A9 (Recovery Test)S Al

ASisiet, 1 AT fae] %S Cu, Pb, Zn 59 UaE

& 3]480] 88~95%(RSD : 0.1~0.6%) 722 =4e ut
Hol| fafido] ¥ Al Fe, K 59 Y252 3]489]
26~79%RSD : 0.4~1.7%) o= @k}, olef 22 3
&2 W Foo] Apet A FFAEY AUET] F Y
AFEHL FERIINA B WrHARe} vet Ak

tT

ALk,
Ty & =l daidwl] sl lolA ol
g deas 55| BASHA ¢l §A| - A2jstd 1 o

& Table 29F ¥3d 2 2] A B7lof A W2 3l
[e] =z

B2 HY AR 7ZOR $EASE ANY o 358E W
AT Sk BT GBS, P B FUT AP

stk olg) X291

AXH

AR = Al 80,400 ug/g, Ca
30,000 pg/g, Cd 0.098 ug/g, Cr 35 ug/g, Cu 25 uglg, Fe
35,000 pg/g, K 28,000 ug/g, Mg 13,300 ug/g, Mn 600 u
g/g, Na 28,900 ug/g, Ni 20 ug/g, Pb 20 ug/g, V 60 ug/g
23l Zn 71 ug/gOl it
(E.F, Enrichment Factor)= ofefjel 22 A 02 Re AL
st om 1 Aik= Table 13} 2t

drtE Ao et s5Ae

SEASEF) =
2407 3 YaHRe] SE/EHNA F AR B
A2 % A2A R SE/AZEY F AR S

Azel wAye] JFL, 17
2] B 5 19152l A
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5 Btk Ty 9Hl Y AEE dRoR 2
A== Cd, Cr, Pb 53 22 Falldo] w2 Sa&54E82
T ug/g A A uglg +EY W FEE

Ing 9 pg/gll FERE HlWA =9k
FEA Yo vlg Cu, Zn2] H=7F 2+ 1, .
A Yt mAIR ] ez 0 dS 7hsd & 4= olch
EAA G A AAHA HHY HJE FE=
97.5%(62,452.0 pg/g), YA HAYY R 7t
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Table 2. Analytical result of trace elements(zg/g) in household dust

Element Urban(n=24) Rural(n=24)
Mean Median S.D" c.Vv? Min Max Mean Median S.DV c.Vv? Min Max
Al 6507 6152 2379 0.37 3401 13220 6219 6264 1828 0.29 2934 12570
Ca 29880 24050 17069 0.57 14820 78910 18303 16860 5861 0.32 8571 31750
Cd 4.5 3.5 3.1 0.69 2.0 15.0 3.6 3.0 2.7 0.74 1.0 12.0
Cr 57 50 23 0.41 25 120 31 29 11 0.37 13 57
Cu 564 400 725 1.29 123 3799 302 250 192 0.64 54 817
Fe 12315 11840 4184 0.34 5627 23010 11227 10056 3702 0.33 7229 22060
K 5302 5090 1438 0.27 3557 9077 4362 4288 1189 0.27 2600 7552
Mg 3824 3385 1554 0.41 2395 8556 3171 3185 782 0.25 1707 5818
Mn 178 156 77 0.43 69 400 188 175 106 0.57 66 588
Na 4447 4547 1229 0.27 2018 7046 3006 3180 1086 0.36 1315 5706
Ni 102 68 103 1.01 24 524 41 32 23 0.56 13 91
Pb 87 75 56 0.64 28 282 40 31 34 0.86 0 118
Vv 16 14 8 0.50 9 47 15 13 5 0.36 10 29
Zn 752 596 507 0.67 215 2248 501 421 262 0.52 121 1399

1) Standard Deviation, 2) Coefficient of Variation(=Standard Deviation/Mean)
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73 -E A= Ni(2.541), Pb(2.2
), Cu(1.98), Cr(1.84), Ca(1.64l), Zn - Na(Z} 1.5H4),
Cd(1.34), K - Mg(Z} 1.24)) 53 22 FEHE B3, =
A9} FEo] H|gh H9-o] YARE Mn, Al Fe, VO2
0.9~L189] s=H|E B}, o] =A9] A w2 g
2] 25 AMAIA T AsAt, AV, A7E FollA B sl
Fago] T-E vl vlAHAE FEURR J-= 4

Eo7] g o= AbRE,

’

3.2.2. 2= ZAIX|Hate| O|EAELAEE SZH|w
s aRe] SEARS ARADY, BA4E AR
A7), ARFEIY 28m ARAHADE R 5
g3k 7 5 Bk acle] o8] 1 Ant Az thed) U
BPd 4= Qleh 150 wheb olefst 29) W] Table 39)
ohe ATkt 0E AHAel vt ol Axu 74
Mo vmal 2 7H7k gk tiFAI0le] Q] 3
o 0jrele AR0) FESES 2150) BASA0] nret nje
Ak AR A= ) et
o ZEHA] % Cdo) BEE 4 4g/gOR AEUI 4
ug/g T USkT, BRI 37 /g BERE OM Y WA, 2}
o}20) 6 ygfg BEFE WA ekt Cro] 4 44 pg/g O

NEYY] 84 ug/g, 2B} 87 ug/g, BIEIS1 144 pg/goll v3|
1.9~3.38) @A YeRga, Cug) H$- 433 ug/go 2 AAY|
E|18) 510 pg/goll vlsl WUAT, A=Y 147 ug/g, LERS}
206 pg/goll Bl iAo g 2.1~2 98 =A UErkth E
3t Pbe] 7% 64 ug/g2 2 AAYIE 377 ug/g, vkl 360
uglg, A=Y 389 ug/g, LERF 406 pg/g O= AHAOR
5.6~6.38 A= WA Uepetth Niol - 71 ug/go 2 A&
Y 27 pg/g, 2B} 63 pg/g, BHAIQ) 110 pg/g¥} Bl sk &
efeto]l 118, A=Y ol 2,78 =qkout, viQlel BlskH 1.5
o = otk Zno] H$- 626 ug/gl 2 LERRL 717 ug/g,
ANEY 657 pg/goll vl 25 @rout, BHQl 64 ug/gol
el 9. 8M A & A Vet AA 02 & uff LA o]
EF Al Bl A YERd AJE-S Cuolal, BHHof| Cr, Pb
RS 258 WA Uit on T 9o RS B A9} H]

o e Bk iAol =4 vEhd Cu 42

2 AR EEE BETkash AER WEe

ARkl Sf3t 0 Go] HZGHE o 4+ QUgiTh ) Ek B A
of ulal WA A2 Pbel A9 A o] oo g Al
ehflo] 253 Witk ol=d

of g, 1A\ B
3} 28 Pbe] s ol wet ebn, S5 Sefitete] 49
SRATNEGO) AL 19881 HHOR FaFAE Ut

W7] Alzket vhde] F£ASE-(unleaded gasoline)] 4H]

F2 FAT F7HEAlOl Qleh22) o]2fgt AP FE I} o7
AL Fo|7] 9Jet AFAARE FAF LRl A FAR L
2 A o718 820 AuR Q18| tf7] F Pbel =T}
A Fashed 7l AR AbmEnt E5E ukgQl e
Z Ao 8|3l Cd, Cr, Cu, Mn, Ni 52| AHo] o}5 =4 Lt}
et ol =2 e, AR WA, Aagakat

Table 3. Mean concentrations of trace elements(zg/g) in household dust in other cities

Cowy)  Sempes 0 O Cu M N o soobm)  (navoment
(e " 48 4 44 433 183 71 64 626 <100 s
oydney 82 4 84 147 76 27 389 657 <100 (ooi
Cinclanai 37 510 377 <106 aire
Thioughoufts 8 37 145 110 360 64 <30mesh o

%‘;‘1“;22;’)’ 48 6 87 206 269 63 406 717 100~250 '?lggjﬂgf
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A of D) EF AN =B A&kt o
4 Fa59 EGeds7EA)»E 242 Cd 1.5 ug/g, Cu
50 ug/g, Ni 40 ug/g, Pb 100 ug/g 12|1 Zn 300 ug/g ©|
A, B AU EB) 27 Cd 4 ug/g, Cu 125 ug/g,
Ni 100 pg/g, Pb 300 pg/g 181l Zn 700 pg/g AUATE. LRE
8 WAl gt FF49 L EA=(P.1, Pollution Index)
+ ot 22 A e mHE A4kstGlom 1 Zit= Table 4
oF 2k,

LAXFP.D) =

Cd¥Hug/e) Cudug/g) Nid¥ug/e) PbEHF(g/e) 7Zne=Hug/g)
AR AB | AB . AB | AB

b)

o o2 HE A& ¢ dX47) 1.0 o8] e Ve W
Za&oguy odEx] e oz 1w 1.0 oAkl
& HEhiE Sa5oanE L9E A 9o sl

& Apgre] A% - Ao} Al

090972 A1 A9 U F 22392%)7F LFA
F L0Z 20614, EFe A2 F8T H9 244
5 83B3%)7F LAAFE 1.0& 2t Eoh mAIQ}
TES TESH] il EFeALHES A8E 9 484
A F 463H96%)7F LBAF 1.0S 2P, EFe A
Y7|es AL A 4870 A F 23H(48%)7F LEA| ¢
L0Z zelglr), B3 EFe AL/ 283 297
9] BFe A0 4,042 FEAY 2.300] vl oF
L8 A Yebta, Edediidr|es A4% LAxs
o] B EAR o] 1,602 FEAY 0.910] H|F| JA|
L8AE =4 Ueht ZAA Y] FEHA 7 FE2A] 99
FEHA 0| vle FE&H0R A8 LR des U 5
ATt
3.4, Ydixed MX|of SFE O[FHLER| Autd 2
durse] WAl S8 nFAAdEETS S &
A3t A1H= Table 52 Zth. UREEE F =29 9] 70
£ AAAQ] AU ARt A9A <l Y ARl Al
V7H0.58), Z8]a K3t Cd7H0.47), Fed} Cr, Zn7HZZ:
0.73, 0.62), Mg V7H0.60), Mn3} Cr, V, ZnZHZHz}t
0.54, 0.55, 0.48), Na¥} CuzH0.52)°] &-2l3t AA (P

<0.05)0& EHth A HAY JETol= Al Ca,
Mg, Mn7HZ}H2} 0.62, 0.80, 0.68), Caz} Mg7H0.70), Fex}
Mn7HO.64), Mg Mn7HO.53)°] 5-2]3F A4 (P<0.05)
& 2otk B3 9] A BT F9-ol= Crit v,
ZnZH(Zkz} 0,51, 0.77), Nizk Zn7H0.59), Vit Zn(0.48)91 %
gt A (P<0.05)& Btk whakA AR 92 Rk
o2 Al Y AETHAN BT A Q1 Ay ¢
Gl

e A6l o et A

<

o)

Ten QurY
SEEREE

Fe} Cr, Cu, Ni, VZHZH} 0.61, 0.41, 0.65, 0.43), Mg}t

) )

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

P.1>1.0 P1<1.0 P.IM

Sampling Site Number of Number of 2)

Sample * Sample * Mean:£S.0
Concern Level Urban(n=24) 24 100 0 0 4.04+3.23
for Soil Rural(n=24) 22 92 2 8 2.30+1.01
Contamination®  14ta1(n=48) 46 96 2 4 3.17+2.53
Action Level  Urban(n=24) 15 63 9 37 1.60+1.29
for Soil Rural(n=24) 8 33 16 67 0.91+0.40
Contamination®  74ta1(n=48) 23 48 25 52 1.26+1.01

) Pollution Index, 2 Standard Deviation,
3) 4) designated by "The Soil Environment Conservation Law" in Korea.
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Table 5. Correlation coefficient among trace elements in household dust(n=24)
Urban Al Ca Cd Cr Cu Fe K Mg Mn Na Ni Pb Vv Zn
Al (1.0)
Ca 0.62 (1.0)
Cd -0.20 -0.16 (1.0)
Cr 0.16 -0.05 0.01 (1.0)
Cu -0.21  -0.03 0.04 0.25 (1.0)
Fe 0.16 -0.08 0.06 0.73 0.27 (1.0)
K -0.16 -0.17 0.47 -0.03 0.30 0.09 (1.0)
Mg 0.80 0.70 -0.28 0.05 -0.11 0.04 -0.19 (1.0)
Mn 0.68 0.32 -0.17 0.54 -0.09 0.64 -0.19 0.53 (1.0)
Na -0.08 -0.26 -0.02 0.38 0.52 0.30 0.21 -0.22 -0.04 (1.0)
Ni 0.03 0.27 -0.05 0.34 0.18 0.28 -0.06 0.03 0.15 0.31 (1.0)
Pb 0.14 0.08 0.24 0.15 0.01 0.34 0.28 -0.06 0.32 -0.08 0.12 (1.0)
V 0.58 0.29 -0.26 0.51 0.08 0.27 -0.14 0.60 0.55 0.01 0.24 -0.02 (1.0)
Zn 0.06 -0.07 0.14 0.77 0.28 0.62 0.00 -0.06 0.48 0.36 0.59 0.23 0.48 (1.0)
Rural Al Ca Cd Cr Cu Fe K Mg Mn Na Ni Pb \ n
Al (1.0
Ca 0.02 (1.0)
Cd 0.25 0.09 (1.0)
Cr 0.04 0.06 -0.04 (1.0)
Cu -0.10 0.24 -0.14 0.57 (1.0)
Fe 0.27 -0.24 -0.13 0.61 0.41 (1.0)
K 0.61 0.20 0.15 -0.02 -0.04 -0.10 (1.0)
Mg 0.44 0.38 -0.04 0.22 0.35 0.20 0.25 (1.0)
Mn 0.94 -0.18 0.16 0.02 -0.07 0.42 0.48 0.39 (1.0)
Na -0.02 0.15 -0.09 0.25 0.37 -0.01 0.55 0.32 -0.10 (1.0)
Ni -0.18 0.06 0.05 0.67 0.49 0.65 -0.23 -0.02 -0.13 0.13 (1.0)
Pb 0.06 0.01 0.42 0.48 0.32 0.30 0.17 0.24 0.02 0.42 0.42 (1.0)
\ 0.72 -0.29 0.01 0.01 -0.12 0.43 0.32 0.17 0.79 -0.24 -0.01 -0.10 (1.0)
Zn 0.22 0.15 -0.08 0.32 0.67 0.30 0.18 0.77 0.21 0.48 0.25 0.36 0.10 (1.0)
Correlation coefficients exceeding 0.40 are significant at a level of 0.05.
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Table 6. Mean of Cd, Cr, Cu, Ni, Pb and Zn concentrations(ug/g) in household dust for a number of subgroups identified

from questionnaire responses

Questionnaire Cd Cr Cu Ni Pb Zn
Principle component?

Fiber (n=30) 4.3 51 497 84 76 708

Soil (n=18) 3.6 32 325 51 44 490

(F/S) ratio 1.19 1.59* 1.53 1.65* 1.73* 1.44*
Heating fuel?

Qil (n=26) 4.8 49 392 92 69 706

Gas & Electric (n=22) 3.1 37 481 48 57 532

(O/G - E) ratio 1.55 1.32 0.81 1.92* 1.21* 1.33
Portable Electric heater?

Yes (n=20) 4.8 50 435 99 77 688

No (n=28) 3.5 40 432 52 54 582

(Y/N) ratio 1.37 1.25* 1.01 1.90* 1.43 1.18
Children?

Yes (n=19) 3.9 44 621 95 72 725

No (n=29) 4.1 44 310 56 58 561

(Y/N) ratio 0.95 1.00 2.00* 1.70 1.24 1.29
Last paint < 10 years?

Yes (n=26) 4.4 45 531 81 68 669

No (n=22) 3.6 43 317 60 59 576

(Y/N) ratio 1.22 1.05 1.68 1.35 1.15 1.16
House < 10 m from major road?

Yes (n=13) 4.8 45 615 60 81 766

No (n=35) 3.7 43 365 76 57 574

(Y/N) ratio 1.30 1.05 1.68 0.79 1.42 1.33
House age < 10 years?

Yes (n=12) 3.8 40 612 57 48 690

No (n=36) 41 45 373 76 69 605

(Y/N) ratio 0.93 0.89 1.64 0.75 0.70 1.14
Smoking?

Yes (n=17) 4.9 42 373 60 60 589

No (n=31) 3.6 45 466 78 65 646

(Y/N) ratio 1.36 0.93 0.80 0.77 0.92 0.91
Carpet?

Yes (n=11) 3.5 42 292 55 42 460

No (n=37) 4.2 45 475 76 70 676

(Y/N) ratio 0.83 0.95 0.61 0.72 0.60 0.68
Pets?

Yes (n=9) 3.8 a1 359 47 63 657

No (n=39) 41 45 450 77 64 619

(Y/N) ratio 0.93 0.91 0.80 0.61 0.98 1.06

n = number of samples.

* indicates that subgroups are significantly different at a level 0.05 by Mann-Whitney U test.
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