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SRM 2783(air particulate on filter media)y2 AF&-3 }‘11 FUS A 2498 A3}, Sb, Mn, V, Mg, Na,
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Abstract : This study centered on the quantitative analysis of about 27 trace elements including toxic ones using
instrumental neutron activation analysis of fine ambient particulate matter in the third and fourth industrial
complex area of Daejeon city, Korea. For analytical quality control, the certified reference material (NIST, the
National Institute of Standards and Technology, U.S.A., SRM 2783, air particulate on filter media) was used.
The errors relative to SRM values of Sb, Mn, V, Mg, Na, K, Ti, Co, Zn, and Sm fell below 5%, while those
of Cr, Fe, Ba, Th, Ce, Al, and Cu were less than 10%. From the results of the quantitative analysis, the
concentration of toxic metals such as As, Mn, Se, V, and Zn were 3.261£2.72, 9.86+4.71, 2.18+t1.25, 491
+2.41, 158+78 ng/m’, respectively. And the results of factor analysis indicated that there are no more than
six factors of sources of fine ambient particulate with statistical significance in the study area.
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Table 1. Analytical condition of INAA
Neutron Flux
Irradiation hole Ra
HANARO Thermal, ®;  Epithermal, @, Fast, Oy
NAA #1 2.95%10" 2.13%10'° 3.78x10'"° 250
Irradiation facility Irradiation time  Decay time Counting time Element

Short-1st Detection PTS 3 mi 10 min 500 sec Al, Cu, Mg, Ti, V
Short-2nd Detection fun 40 min 1200 sec  Ba, Cl, Dy, I, In, Mn, Na
Long-1st Detection 3~5 day 5000 sec  As, Br, K, La, Sm
Long-2nd Detection PTS 4 hour 10~16 day 10000 sec Ce, Co, Cs, Fe, Hf, Sb, Sc, Se,

Th, Zn

HAZ71(EG&G ORTECT):= 25% relative efficiency,
0Co2] 1332keVellA 1.85keV FWHM, peak to
Compton ratioZ} 45:1°]™, 10 cm F7A1¢] o2 2}
HAA 2 BAbs 2 97 A o] JEs H4s)
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Fig. 1. Analytical results of NIST SRM 2783 using INAA.
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Table 2. A statistical summary of the elemental concentration
concentrations of PM2.5 samples collected in the
3rd and 4th industrial complex area of Daejeon city,
Korea®. All concentration units in ng/m’

Element Mean Median SD Min Max N NB

Al 142 132 86.8 161 379 60 60
As 326 230 272 021 105 59 60
Ba 929 870 449 198 205 55 57
Br 37.1 297 220 89 878 59 60
Ce 033 032 0.15 011 0.63 42 43
Cl 732 336 1080 187 5024 59 60
Co 029 025 0.14 0.12 0.60 49 50
Cs 0.16 0.13 0.09 0.03 042 55 56
Cu 23.6 200 121 6.18 562 58 59
Fe 315 238 187 63 832 60 60
Hf 0.05 0.05 0.02 0.02 010 39 40
1 850 7.72 470 138 239 59 60
In 0.05 0.03 0.04 0.00 0.17 58 59
K 586 294 639 144 2487 60 60
La 028 0.15 026 0.04 1.01 56 56
Mg 573 479 437 818 244 55 55
Mn 9.86 935 471 062 218 59 60
Na 129 129 623 30.0 340 57 59
Rb 363 330 1.80 0.73 833 39 39
Sb 11.6 11.1 692 087 408 58 60
Sc 0.04 0.03 0.03 0.00 0.10 60 60
Se 218 202 125 049 623 56 56
Sm 0.11 008 0.13 0.01 0.75 56 58
Th 0.06 0.06 0.02 0.03 011 36 36
Ti 994 883 698 142 435 60 60
v 491 473 241 0.8 103 58 59
Zn 158 154 78.0 20.7 365 60 60
PM2'53 22.1 937 109 46.2 60 60
(ng/r)

“Total number of samples=60; averaging time = 24 h.
BNumbers of data prior to removing the OL data sets; the OLs
were determined on the basis of £3c from the mean.
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Fig. 2. A logarithmic plot of elemental concentration distributions observed from this study. The bottom of the box indicates
the 25th percentile, a line within the box marks the median, a dotted line marks the mean, and the top of the box
indicates the 75th percentile. Whiskers (error bars) above and below the box indicate the 90th and 10th percentiles,

respectively.
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Table 3. A statistical summary of enrichment factor (EF) values

Element Mean Median SD Min Max N

Sc 23 1.6 1.8 0.4 9.9 60

Ti 2.4 1.7 1.9 0.4 115 60

Mg 3.1 2.2 2.8 0.7 14.6 55

Th 32 2.6 1.9 1.1 9.67 36

Na 33 2.4 3.1 0.7 16.8 57

Ce 4.6 2.7 54 1.0 27.5 42

La 53 3.0 43 1.0 23.1 56

Fe 6.8 49 5.6 1.0 33.6 60

Hf 8.4 6.2 8.4 1.3 39.1 39

K 12.0 6.8 11.5 1.8 53.1 60

Mn 12.3 9.7 9.6 2.8 57.7 59

Ba 13.6 9.3 12.0 35 63.1 55

Rb 20.3 17.4 11.7 4.0 47.2 39

Sm 22.0 11.2 32.7 1.4 177 56

Co 23.1 17.2 24.6 4.5 139 49

Cs 32.0 242 28.1 6.6 134 55

\% 66.1 48.2 58.7 10.8 351 58

In 308 205 260 22 1342 58

Cu 749 553 614 113 2810 58

As 1308 956 996 288 5135 59

Zn 1745 1471 1245 222 6037 60

Cl 3978 1764 4669 553 22978 59

Br 10267 9185 5617 1767 29346 59

1 12458 10230 9031 3666 50838 59

Se 33097 27284 26911 4553 165086 56

Sb 44419 36620 32711 6952 169726 58
Aol o&] A= Se, V, Zn 52 YAl =& 9l 4. 4 E
Awstgre] Yeh} dg ddo] ¢a oz Bes
o aEx OEW WA Q1A= Ce, La, Cs, Sc, Smt 2 A7e WA 3, 4 FEAGY B] F eAE
7 3 E 79 A (REEs: Rare Earth Elements)S °] A & ez 717 SAALAEEA Y-S o] &3]
Aoz xe owTo} S wold), JEHY el aas waae of 2750 HFAAE BN
o] Fo wAde itﬂ‘?JXMW A zF el A o] del 3L o] ARE o] &3t o] A e F9 AN E I
o] b Hm AN E F2 RAFEFE AL otelaA Stk AaRAe] f@ ASeE @i

&3h= AE A w71 7k2=9] NOx, CO, HCs®] Ao &
A3l AHeEE AEEu A 9} oil-fired power plant
refinery’} ¥ L@ Qolth. > Ao 74

T2 AIEFugR oA dAE AR dAdET °]7<P
EHORE Fo 0HAdS F= }0511]”} o] JJrz“ﬂ"i
Hetrjojof & & 4
A& % Si, S, Pb, Ni 5°] 7|7
2 A7sl7] o599 oE 24
o]-g-staL, PM259] & F-E8 74
(organic and elemental carbon)»} O]
NO;y)e| PR3} B Eof w4

,_0_
=

©
=4

—a

$]3ll NIST SRM 2783(air particulate on filter media)
£ gl FA =AM BAF A3, Sb, Mn,
V, Mg, Na, K, Ti, Co, Zn, Sm&] At 22}= 5% ©]
el uj-9- gegt BAA3}E BHIAAL Cr, Fe, Ba, Th,
Ce, Al, Cu= 10% ©JWH & YERRTh PM2.5 i )3}
& A zpol] 7118k Al Cl, Fe, K, Na ¥=7}F &7
Uelto ], falF491 As, Mn, Se, V, Znd] FE&
Zv7} 3.26+2.72, 9.86+4.71, 2.18+1.25, 491+2.41,
158+ 78 ng/m’E YEFGTE 28] AR A A
T FA G 2] mAER ) e L HYPOZ incinerator,
road dust, soil dust, fossil fuel combustion, vehicle
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Table 4. Factor loadings (F), communalities (h*) and standard deviations of the loading (SD) after varimax rotation. For clarity,

factor loadings less than two SDs are ignored.

F1 F2 F3 F4 F5 F6 SD h?
Al 0.16 0.42 0.59 0.37 0.26 0.07 0.76
As 0.80 0.22 0.19 0.07 0.75
Ba 0.25 0.59 0.35 0.38 0.22 0.07 0.74
Br 0.13 0.26 0.20 0.11 0.88 0.04 0.91
Ce 0.21 0.59 0.10 0.43
Cl 0.41 0.55 0.10 0.51
Co 0.29 0.72 0.32 0.15 0.19 0.07 0.76
Cs 0.67 0.25 0.20 0.51 0.06 0.82
Fe 0.16 0.67 0.50 0.15 0.40 0.04 0.92
I 0.34 0.64 0.29 0.08 0.66
K 0.85 0.15 0.23 0.06 0.81
La 0.70 0.24 0.23 0.19 0.52 0.04 0.91
Mg 0.20 0.15 0.86 0.12 0.13 0.12 0.05 0.85
Mn 0.28 0.77 0.25 0.20 0.21 0.06 0.83
Na 0.19 0.80 0.08 0.69
Sb 0.79 0.13 0.11 0.57 0.02 0.99
Sc 0.64 0.59 0.20 0.36 0.03 0.94
Se 0.38 0.11 0.77 0.17 0.25 0.05 0.85
Sm 0.58 0.23 0.38 0.09 0.58
Th 0.52 0.79 0.08 0.04 091
Ti 0.61 0.56 0.28 0.06 0.78
\'% 0.51 0.33 0.68 0.05 0.85
Zn 0.72 0.24 0.45 0.13 0.29 0.05 0.88
Variance 4.1 4.0 39 2.3 2.0 1.8 - 18.1
Variance(%) 17.8 17.4 16.8 10.2 8.8 7.7 - 78.9
Source Incinerator  Road dust  Soil dust Fuel 0{1 Veh.1c1.11ar REEs
combustion  emission

emission, REEs?] 67 L9 YL F=3A =, ol 3. G. M. Hindy, J. Air Pollution Control Association, 25,

% H2Kexplained variance)2] °F 80%E A& 4= ) 1106-1114(1975).

ot 4. W. E. Wilson and H. H. Suh, J. 4ir Waste Manage-

ment Association, 47, 1238-1249(1999).
,7=|'A|-2| =2 5. J. Schwartz, D. W. Dockery, L. M. Leas, J. Air Waste
Management Association, 46, 927-936(1996).

B AZE giAdSA 71N EAE 9 20029 % AT 6. L. A. Currie, Anal. Chem., 40, 586-591(1968).
FREEARS] X0l 2]&f o] Fo] A Aoy, oo A} = 7. 1. Tolgyessy and E. H. Klehr, “Nuclear Environmental
U} Chemical Analysis, Ellis Horwood Series in Analyti-

cal Chemistry”, John Wiley and Sons, New York,
An2s 1987.

1. A. C. Stern, “Air Pollution”, 3rd Vol., Academic Press,
Inc., 1986.

2. D. A. Lundgren and H. J. Paulus, J. Air Pollution Con-
trol Association, 25, 1227-1231(1975).

Vol. 20, No. 1, 2007

. G. Erdtmann, ‘“Neutron Activation Tables Vol. 6”, New

York, 1976.

. IAEA, “Handbook on Nuclear Activation Analysis

Data”, IAEA Tec. Rep. No. 273, 1987.

. K. H. Kim, J. H. Lee, and M. S. Jang, Environmental



40 9] - o

Pollution, 118, 41-51(2002).

11. S. R. Taylor and S. M. McLennan, “The Continental
Crust : Its Composition and Evolution”, Blackwell Sci.,
1985.

12. P. K. Hopke, E. S. Gladney, G. E., Gordon, W. H. Zol-
ler, and A. G. Jones, Atmospheric Environment, 10,
1015-1025(1976).

13. B. A. Roscoe, P. K. Hopke, S. L. Dattner, and M.
Jenks, J. of the Air Pollution Control Association, 32,
637-642(1982).

14. N. Z. Heidam, Atmospheric Environment, 16, 1923-

16.

17.
18.

19.

. Xé%”

o

1931(1982).

. J. M. Ondov, W. H. Zoller, and G. E. Gordon, Environ.

Sci. Technol., 16, 318-328(1982).

F. Monaci and R. Bagagli, Water, Air, and Soil Pollu-
tion, 100, 89-98(1987).

A. Mizohata, J. Aerosol Res., 1, 274-279(1986).

X. Huang, I. Olmez, and N. K. Aras, Atmospheric
Environment, 28, 1385-1391(1994).

M. E. Kitto, D. L. Anderson, G. E. Gordon, and 1.
Olmez, Environ. Sci. Technol., 26, 1368-1375(1992).

Analytical Science & Technology



