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A Study on the Characteristics of Airborne Trace Metal
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Abstract

A precision analysis was conducted for the quantification of trace metal levels in airborne particulates using
ICP-MS. According to our study the quantitative analysis using Whatman grade 41 filters produces more precise
and representative values of metal concentrations than that using EPM 2000 filters. The mean concentration of PM
10 analyzed during 1998 ~ 2000 was 82 pg/m>. The concentrations of human carcinogens such as As and Cr were
8.65 and 25.87 ng/m’, respectively, while those of probable human carcinogens such as Cd and Pb were 3.13 and
219.46 ng/m?, respectively.

Time -weighted mean concentration, calculated using surface wind speed and direction, indicated that there were
differences between metals of crustal origin and metals of anthropogenic origin. The sectorial concentrations of
anthropogenic metals and PM 10 were higher for north-west sector with calm or low wind speed conditions than
for any other sector with high wind speed conditions. On the contrary, the sectorial concentrations of crustal metals
were high with high wind speed. In addition, the sectorial concentrations of crustal metals were more affected by
south—west wind directions, which were compared with those of anthropogenic metals. The enrichment factor (EF)
values of many anthropogenic metals were higher than 50, while those of crustal metals were lower than 3,
respectively. The concentrations of Cr and Ni in Daejeon industrial complex area were 11 times higher than those
in the background site of Kuopio in Finland, while that of Pb in the complex area was 22 times higher,

respectively.

Key words : trace metals, industrial complex, precision, time-weighted mean concentration, pollution rose,
enrichment factor
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FAAS (Flame Atomic Absorption Spectrometry),
GFAAS (Graphite Furnace Atomic Absorption Spec-
trometry), ICP-MS/AES (Inductively Coupled Plasma
—Mass/Atomic Emission Spectrometry) 5 F2. 313
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Fig. 1. Study area and sampling site.
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Fig. 2. Wind speed and direction in Daejeon.
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AR ¢ B 949 AYEE WS4 5 (Coefficient
of Variation, CV)2] #8-& Zrel Al ZFHA} (Re-
lative Standard Deviation, RSD)7] 3 (o] %, 2001;
NIOSH, 1995; Taylor, 1987)& o}-4-3ld Hr}eld}.
7zt Alzel ti& U4 RSDs} Ao HE 7«
49] overall RSD (RSD-pooled)¥= &2 Aoz
A0 ko] A&4E SAR] AYEE ¥

Arithmetic Standard Deviation

RSD=— - - (1)
Arithmetic Mean Concentation

(DF; XRSDy) +....+ (DF, X RSDn)
RSD — pooled = )
DF, +...+ DF,

where DF is degree of freedom

A7, AR T AeEEAAE RSN
ICP-MSel| 33) W F418 & doja sxo]
g FAF I

RSD 7te] 7tell glel 7129 d7-8 AR,
A Hele] 2EE BE 10~15% (OAQPS, 2000;
RTI, 1999; USEPA, 1998b)2 &1 glow, 5%
(USEPA, 2001 Ex2 3= 7%= Ud. =3,

gz 7|87 sA) A 18 A2

Ag Rolol wel Zdl 30% (USEPA, 1999) 744 =
gk ot ¥ =RelMe d7EAT JA 4
A= 9 299 Huol o]&EHE HE FUdsA
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9] x4 287}t e FddTE FEAUETAAN
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F49l Si, e 44 Nazt K, &7 2549
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2 233l Aoz veht AUEr) W@gkAq
EPM 2000 o} z]¢] ®]&) Se2 HU=r} AF3] 4
H 7Ae o 4 9t 18l SbE 11%, Cd¥ Tie
9%, Cox 7%,Cra} V& 6%=2. 2% 11% ©]3t2] A
27} 5%% z¥3t= RSD 3H& vehlix, As, Cu,
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3ul ojA} ALl Aow 2AEG U] YA4E BAAIE BAMAle: Whatman 41 A2 Apgo 2
$ Bmq 5% ooz ¥ AUEE wAY o U Fx AsE 9 + Ux Aes e
F344 Sigl 9= g4 K9 RSD 2 Wb vl 47| Hedt vle} o], Whatman 41 =&
2zt 11%9} 4%9) Aw7} 5%E 233G A, A ARS-ste] ICP-MSE #AM3h 75l 5% ©|5h9
A=A oz RSD Fte] ol RSD-pooled 42 EF  RSD-pooled 3& 2= Huwz odzte]g4a o
5% ©]5t2 Whatman 41 i = 4] F<43 @7 HAYEIS Y AIFEHFE 4 48 + dE
HEFTS 2 AFSH HeM=s 22 A AW & 5 s
8 B T A& A4 S o

Az o7 Beo] 7% EPM 20002 Whatman 3.2 Mg 55t M o cfEM HHUL
41 2] mFA] ICP-MS EA XA 70% o|Are] BAME e (852 dAlez BN Azl AF
A ol o3t AuUws} Ygron, Se2 Whatman Ag o}7] 93] net-to-blank W 3SD (standard
41 XN cha HEEsF FFHE Joz el deviation)el] &3 F A9 = Aw AWAHE
AT oJAB] 30% o)A Amrt Y2 FHUEE A=3HcH(Kim er al, 2002). AEAA S ATRA,
ne] ICP-MS 240 S Be} Seo] AUms 4  1AHow 2HARe Susb ofF g AS vpe
335 dojXe Aoz 2AEIG. 283 BlF G =l 7)1% 2328 FH 4] $8] net-to-
7 Tie] EPM 2000 & Ao A i P2 RSD-  blank7} 2 B} 22 Alax AlAstds 13 A48
pooled Zk-& Helvtwm 3lvjels, dREe] FHA4E F P2 (EE gger Lo I A8E
o i8] Whatman 41 o)A T of AWad £ o] AA AHAE AF3= AL WAE] A6, HE

Table 1. Precision test of filter papers and elements for ICP-MS by RSD.

EPM 2000" Whatman 41
Element
No. of samples No.of RSD>5% RSD-pooled(%) No.of samples No.of RSD>5% RSD-pooled (%)
As 35 1 2.27 54 0 1.30
Be 35 34 53.40 532 41 125.80%
Cd 35 5 3.56 54 5 2.33
Co 35 2 2.09 54 4 1.27
Cr 35 0 1.65 54 3 1.89
Cu 35 1 1.62 539 0 0.90
Fe 35 0 1.69 54 0 0.96
Mn 35 0 1.58 54 0 1.10
Ni 35 0 1.72 54 0 0.94
Pb 35 0 1.23 54 0 0.84
Sb 35 5 2.13 54 6 1.02
Se 309 27 2535 422 15 7.08
Ti 35 1 1.87 54 5 2.99
v 35 4 2.78 54 3 1.89
Zn 35 1 1.86 54 0 0.85
Al 54 0 1.17
Ba 54 0 0.68
Ca 54 0 1.15
K 54 2 1.15
Mg 54 0 2.99
Na 54 0 1.89
Si 54 6 0.85

! Metals of crustal origin were not analyzed for EPM 2000 filters
? Number of data after removing ND
% Result from the high RSD of filter blank; RSD-pooled without filter blank was 27.7%
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3SDe) 93 AWd Alss AFEEES MY A
© AA Az 99.7%E T3} Outliers A
3= b2 Rule of the huge error, Dioxin test,
Grubbs test S (Taylor, 1987)¢] gl¥&d|, o] & 7}&
7h=18 vl2 Rule of the huge error ¥1H 2.2 out-
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AFEEY 74 48D ol zAm: A
100%2] At2g T3 Aol ksl ubyolt.
gz o] W o]lx A9 e E outlier® &
Aol A A2g ARs)L g, o2 Hel WAz
<+ AL wEsolut outliery: AHE 4 Urke
247} et B dFoAE Kim et al. (2002)3
Taylor (1987) Wb & w|mat Az}, A gd& 2

°ol&

& A9l As,Co, Sb o] 99 EE2 AR v
Wl o5 Agsl A8} FAle 3 AEH A=
23t Aoz viehd, Axte] il o3
outlier® Asled A7 3psct. AY Az = 29
2ot 5 gAe) ¥4 F net-to-blankel] 2]&h
1A AR e Azt FAEDE, As,
Be,Cr, Ti, V,Zn¥ 407] o]Ake] zAE o] 30% o] 4
9 fFAEE BYT 53], As,Cr,Zno A& &
Re B 4 9ok =3 Na2 63709 Asrt 124
AEA A AAR T0% o] 4e] FAES B
o, mehy FF 20009 AR ZE 37 F =
o3 dEAde 4 & ook U AR Sed
A F 2l8 fAlel 7 B2 ARz 23%
9] g7l AYHA Fo FAFAS AFAAH
Ay e 2 7 g2 Almrt A A
Naez 762%7} A=, Si 524%, As 60.5%,
Zn 50.4%, Cr 48.8%, V 45.7%, Be 42.6%, Ti 39.5%,

=2

Table 2. Data loss of each element by both experimental process and two- step screening.

Number of samples

Element . Experimental Screening® ) Data loss (%)
Initial . Final
NDV Step 1 Step 2

PM 10 129

As 129 9 67 2 51 60.47
Be 129 9 45 1 74 42.64
Cd 129 1 9 0 119 7.75
Co 129 1 17 1 110 14.73
Cr 129 5 56 2 66 48.84
Cu 129 3 12 2 112 13.18
Fe 129 1 13 1 114 11.63
Mn 129 0 3 4 122 543
Ni 129 1 29 0 99 2326
Pb 129 3 7 1 118 853
Sb 129 5 14 2 108 16.28
Se 129 30 12 2 85 34.11
Ti 129 9 40 2 78 39.53
v 129 11 48 0 70 45.74
Zn 129 15 49 1 64 50.39
Al 84 0 1 1 82 2.38
Ba 84 0 8 2 74 11.90
Ca 84 0 14 1 69 17.86
K 84 0 1 1 82 2.38
Mg 84 0 0 1 83 1.19
Na 84 1 63 0 20 76.19
Si 84 0 6 1 40 52.38

"' ND : not detected

2 Step 1 : screened on the basis of net—to—blank ratio of 2; Step 2 : screened on the basis of £3 SD from the mean

3 Not analyzed in 1999
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29 PM 102] ¥ =+ #Al4H07 T4 Fhadte
A€ BT, @7] 4718371 2447 FF
%), 150 pg/m® (HA A 9] o} 71877152 100 pg/m?)
& 275 A= A3 vl gl B8
AA3 F=rt eyl e Sl B AN Y o] |
71874 718E 29435 A (EAHE = 129719
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7S] P =L 82ugm’et.

dzel F4a dzElrgs W AFEF
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oSt Ak e w&d Folg B F4

% Pbite] H7|8H7EEAR
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Ju

A dF 101

JelA BXe] 31dzF Pbe] Q=W HF-E Z7t
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F3A|RE, 24417 BFA 9 6% A=7t AHT 7)€
g 2311 A Aoz 2AHAS.

I3t Q1A HeHE-A (human carcinogen) 2 9]
7 Asz Cre] =& 7Zb7b 8.651+4.38 ng/mis}
25.87+16.87 ng/m*{ 3z, gl Ao #H3g werEa
(probable human carcinogen)¢l Cd¢} Pbe] ==
247+ 3.13+2.16 ng/m32} 219.46+ 142 20 ng/m® I,
el gl owkgl 42 |8 7E2 ofA nid
HA e rnz 7IEAeke] A - viwe Bt
%-8}c}. wheba] RIS (Integrated Risk Information
System)2] unit risk (IRIS, 2001)& o] &-3}e] o =kA
o2 ZAbE B3], 84 ¢ =& 1075 (USEPA,
1990)c.2 & 79 As,Cd,Cre 34 == zt7}
2.33 ng/m?, 5.56 ng/m?, 833 ng/m’ o 2 AlEH ).
e 4 vEE 09 30 HHoz mAFY
o.3d7 249 = AsE ol e wus
vlawshd, A Ik B3]l AsH Cr 38 =
Beh zbzh 3799k 3awlE A et 9 1,2
FRHAG AGEAA W3 fAo] AFEFE o
4> 9lt}. 28] As,Cd, Cr 3 7ke] 2447 HF
228 3 Zt7b 98%, 14.3%, 95.5%) 3 Fah=
FEARIL TAHE H8 3 EFE 2938

PM 103} w] = E3
B AGE olgdte] 2442 BE %
SOFH W FF6NS) uby Ao ko]
7V% ste] Ab&slsiet (Eleftheriadis er al., 1998;
Harrison and Williams, 1982).

2 (tin X Ci)
(TWMCQC), =—2T (3
where (TWMC), =time-weighted mean concentration
for the nth case,
tin=the number of hours during period i that
wind is in speed class n or in sector n,
ci =the 24h concentration during period i.

¥ 22 Beaufort scale 0 (calm)~ VI (strong breeze)
AFE AMEElR =, VIA132m/s oA Alge @
A AA Al2AHAIZE] 02%DE 2R Ao
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Fig. 3. Variation of PM 10 and metal concentrations analyzed by ICP-MS during sampling period, 1998 ~ 2000.
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Table 4. Comparison of metal concentrations determined during our study relative to those measured in other remote

and rural sites.

Industrial complex! Industral Kuopio in Finland? Range™
Average  Standard No. of ~to- Average  Standard No. of Remote Rural
(ng/m3)  deviation  samples Kuipio (ng/m3)  deviation  samples (ng/m?) (ng/m?)
PM]% 82.15 29.94 129 3.02 272 29.2 38
(ug/m’)
As 8.65 4.38 51 0.007-1.9 1.0-28
Ba 31.00 20.08 74 258 120 230 38
Be 0.08 0.05 74
Cd 3.13 2.16 119 0.003-1.1 0.4-1000
Co 137 0.79 110 0.001-0.9 0.08-10.1
Cr 25.87 16.87 66 10.78 24 29 38 0.005-11.2 1.1-44
Cu 46.96 41.78 112 1.57 30.0 250 38 0.029-12 3-280
Mn 4725 3298 122 225 210 270 38 0.01-16.7 03-07-99
Ni 35.94 20.51 99 10.89 33 19 38 001-60 0.6-78
Pb 219.50 142.20 118 21.95 100 6.5 38 0.007-64 2-1700
Sb 10.34 8.82 108
Se 1.46 0.87 85 0.0056-0.19 0.01-30
Ti 50.83 3541 78 0.79 64.0 150.0 38 0.0008-1.19 0.6-7
A\ 12.49 6.82 70 2.15 5.8 5.1 38 0.001-14 2.7-9.7
Zn 212.20 134.90 64 11.79 18.0 16.0 38 0.03-460 11-403
Al 1406.9 1030.2 82 1.50 940 2000 38
Ca 1230.7 8490 69 1.89 650 1200 38
Fe 1407 4 8709 114 1.68 840 1700 38 0.62-4160 55-14530
K 7147 387.6 82 2.86 250 430 38
Mg 386.8 3190 83 1.21 320 630 38
Na 8753 691.9 20 2.24 390 510 38
Si 845.1 6234 40 0.29 2900 5700 38

! Analyzed by ICP-MS using QM -A (1998), EPM 2000 (1999), and Whatman 41 (2000) filters

2 Analyzed by ICP-MS using Teflon filters (Jari et al., 1998)

3 Trace elements associated with particulate matter in the atmosphere reported over the last 10 to 15 years for a large number of locations

throughout the world (Shroeder et al., 1987)

A BA R ol vlmE A gkt 1evt, A 10
G~159e] A A AA AANA S 78
Aol digt dF-A S A e]3k 2}8 (Schroeder et al.,
1987)2 ArHHE W remote site2] Asd} CdY] H=+=
Z¥7z} 0.007~19ng/m*2} 0003~ 1.1 ng/m*2 F A}
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2 KAL) B7] ) FE7EU 24470 HEA
£ 233 A$E & 129709 PM 10 A& F 747
3%} 4%} nlFF4e] R 4P EIE
F7F 102~10%ng/m*z 744 & 5 FXE Bg
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