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SUMMARY

| . Project Title

A Study on the Sensitivity of Quantitative Analysis for Airborne Particulate
by NAA Method

It. Objectives and Importance of the Project

There has been a limited number of data for the long-term
concentration of heavy metals within airborne particulates in  Korea.
Especially, there exists no such data set for ambient particulates at the
roadside that it should have been produced by using NAA. Thus, it has
not been very active 1o analyze quantitatively airborne trace metals by
using NAA. Therefore, this study focuses on the quantitative analysis of
about 30 trace metals including toxic ones for roadside airborne
particulates. The study also concentrate on sensitivity of the analysis and

on interpretation of the analyzed results for the ambient particulates.

1. Scope and Contents of the Project

1. Intensive sampling of PM-10 at the roadside throughout one-year

period

2. Quantitative analysis of about 30 trace metals including toxic ones by
INAA



w

. Meteorological data analysis

4. Probabilistic assessment of airborne concentrations of trace metals

5. Assessment of filter blank and factor analysis

6. INAA sensitivity for airborne particulates

IV. Results of the Project

From the results of the quantitative analysis for airborne particulates at the
roadside by INAA, it is shown that the concentration of metals such as Al,
Ca, Cl, Fe, K, Mg and Na due to crust and marine aerosols is much higher
than that of any other metal. The concentration of human carcinogen, arsenic
and chromium is 6.71£0.85 ng/m® and 595+0.41 ng/m® while that of
non-carcinogenic toxic metal Mn is 34.08+3.62 ng/ms, respectively. During
yellow sandy season the concentration of metals such as Al, Na, Mg, Ca, Fe
and K shows up to 12 times higher than that in summer.

The 95th percentile concentration of toxic metals is 2 to 3 times as much
as that of their arithmetic mean, which may be caused by high end of
skewed distribution and the limited number of data. Therefore, it is necessary
to analyze much more samples for the refinement of probabilistic
concentration estimates. Results of goodness—of-fit tests show non-
symmetrical skewed distribution for concentration of every trace metal. The
distribution will be closer to Lognormal while the number of data increases.

INAA has very low detection limits and needs very small amount of
airborne particulate sample for the analysis. However, it can not analyze the
metals such as Pb, Ni, Cd and Si, which are very important ones for risk
assessment or receptor modeling. Thus, it is necessary to use other analytical

tool like ICP-MS as a complement.



The results of factor analysis by SPSS shows that 85.8% of total variance
is well explained and that communality of almost every analyzed metal except
Cu and Ce has about 0.9. Factor 1 is soil and road dust, which explains
61.57% of total variance. Thus, this is the biggest source to be judged in the
study area. Automobile exhausts, combustion of residual fuel oil, nearby
industrial complex and yellow sand, and sea salt spray accounts for 7.953%,
7.948%, 4.314%, and 4.086%, respectively.

V. Proposal for Applications

1. Standardization of INAA for airborne particulates

2. Baseline material for the assessment of air pollution

vi
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Table 1, Sampling date and time

Sampling Sampling
time time

17:55-16:55 ) 18:25-17:30
17:00-17:20 ) 17:30-17:30
17:25-17:25 ) 17:45-17:45
16:55-17: 00 ) 10:40-11:10
17:00-17:00 ~7.26 (Tue~Wed) 11:10-11:10
)
)
)

Date

.29~3.30 (Wed~Thu
.30~3.31 (Thu~Fri
.31~4.01 (Fri~Sat
.03~4.04 (Mon~Tue
.04~4.05 (Tue~Wed
.05~4,06 (Wed~Thu

.19 (Sun~Mon
.25 (Mon~Tue

)

)

)

)

)

) 17:00-16:35 .26~7.27 (Wed~Thu) 11:10-11:00
.06~4.07 (Thu~Fri) 16:40-16:45 .27%7.28 (Thu~Fri) 11:00-11:00
.07~4.08 (Fri~Sat) 16:50-16:40 .28~7.29 (Fri~Sat) 11:00-10:30
.08~4.09 (Sat~Sun) 16:40-16:55 .29~7.30 (Sat~Sun) 10:50-12:30
.09~4.10 (Sun~Mon) 17:00-17:35 .30~7.31 (Sun~Mon) 12:30-12:50

) .3178.01 (Mon~Tue) 12:55-12:55

) 17:30-16:30 .05~8.06 (Sat~Sun) 11:20-11:30

)

)

)

)

6
6
6
7
7
7
7
7

7
7
.10~4.11 (Mon~Tue 7
8

16:30-16:50 8.06~8.07 (Sun~Mon) 11:35-11:35

8
8
8
8
8
8
8
8
8
8
8
8

11~4.12 (Tue~Wed
.12~4.13 (Wed~Thu
.13~4.14 (Thu~Fri
.14~4.15 (Fri~Sat 17:05-17:25
,15~4.16 (Sat~Sun 17:25-17:15
.16~4.17 (sun~Mon) 17:15-17:15
.,08~5.09 (Mon~Tue) 16:00~-15:00
.,09~510 (Tue~Wed) 15:05-15:00
10~5.11 (Wed~Thu) 15:00-15:00
11~5.12 (Thu~Fri)
12~5.13 (Fri~Sat) 15:25-15:20
13~5.14 (Sat~Sun) 15:30-15:30

)

)

17:35-17:25

)

)

16:55-17:00 .07~8.08 (Mon~Tue) 11:35-12:15
.08~8.09 (Tue~Wed) 12:20-12:20
.18~8.19 (Fri~Sat) 18:10-18:10
.19~8.20 (Sat~Sun) 18:15-18:10
.2078.21 (Sun~Mon) 18:10-18:00
.21~8.22 (Mon~Tue) 18:00-18:00
.2278,23 (Tue~Wed) 18:00-18:00
.2378.24 (Wed~Thu) 18:00-18:00
.24~8.25 (Thu~Fri) 18:00-18:00
.25%8.26 (Fri~Sat) 18:00-17:40
14~5.15 (Sun~Mon 15:40-15:05 .2878.29 (Mon~Tue) 18:30-18:35
16~5.17 (Tue~Wed 17:40-17:45 .2978.30 (Tue~Wed) 18:35-18:35
17~5,18 (Wed~Thu) 17:50-17:10 8.30~8.31 (Wed~Thu) 18:35-18:30
.18~5.19 (Thu~Fri) 17:10-13:30 8.31~9.01 (Thu~Fri) 18:30-18:40
.19~5.20 (Fri~Sat) 15:30-14:30 9.01~9,02 (Fri~Sat) 18:40-18:35
.20~5.21 (Sat~Sun) 14:30-12:00 9.02~9,03 (Sat~Sun) 18:35-18:05
.21~5.22 (Sun~Mon) 14:45-10:00 9.03~9,04 (Sun~Mon) 18:10-18:10
.22~5.23 (Mon~Tue) 14:20-14:10
.23~5.24 (Tue~Wed) 14:10-10:10

15:35-15:20
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Table 2. Quantitative analysis of short-lived nuclides

. . Energy Detection
Element Nuclide Half life L.
(emission, %) method
Ti Ti-51 5. 76M 320.1(93.1)
Mg Mg-27 9. 46M 1014.4(28.0) 500 sec
Ist Cu Cu-66 5, 10M 1039.2(7.40) detoction
detection V V-52 3.75M 1434.1(100) )
Al AL-28 2. 24M 1779.0(100) _ |2iter 10 min
Ca Ca-49 8.72M | 3084.4(92.1) cooling
Ba Ba-139 1.41H 165.8(56.0)
In In-116m 54, 1M 416.9(0.2)
1 1-128 25. OM 442.9(16.9) 1,200 sec
Mn-56 2. 58H 846.8(98.9) .
2nd Mn detection
detection Mn-56 2. S8H 1810.7(1.0) after 40 min
Na Na-24 15, 02H 1368.5(100) .
K K-42 12, 3H 1524.6(18.8) cooling
ol C1-38 37.2M 1642.4(31.0)
C1-38 37.2M 2167.6(69.0)
Table 3. Quantitative analysis of long-lived nuclides
. Half Energy Detection
Element | Nuclide o
life | (emission,%) method
Sm Sm-153 46.7H | 103.2(28.8)
Mo Mo-99 2.750H | 140,5(100)
Au Au-198 | 2.70D | 411.8(95.5)
B Br-82 35.3H | 554.3(70.8)
st " Br-82 35.3H | 776.5(83.5) [4,000 sec detection
detection As-76 26.32H | 559.1(44.6) after 5-6 day
As As-76 | 26.32H |  657.0 cooling
Sb Sb-122 | 2.70D | 564.1(69.3)
Na Na-24 15.02H | 1368.5(100)
K K-42 12.36H |1524.6(18.8)
La La-140 | 40.28H |1596.5(95.4)
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DRSS I R 28y

—

(continued)
Half Energy Detection
Element Nuclide L.
life (emission) method
Sm Sm-153 242.0D 103.2(28.8)
Ce Ce-141 32.5D 145.4(48.2)
o Sc-47 3.422D 159.19
¢ Sc-46 83. 83D 888.9(100)
Yb Yb-169 32.02D 198.0(34.94)
" Au-199 3.139D 208.3
Au-198 2.70D 411.8(95.5)
e Se 119. 8D 264.5(59.2)
Se 119.8D 279.27(40.9)
Th Th 27.0D 311.73(36.0)
o Cr Cr 27.7D 319.93(10.1) 10,000 sec
detection] Y Yb 4.190D | 396.14(6.50) | detection after
Hf Hf 42.4D 481.90(80.6) | 10-16 day cooling
Ba Ba 11.8D 496.11(44.0)
As As 26. 32H 657. 40
Cs Cs 2. 06Y 795.38(85. 4)
Rb Rb 18. 66D 1076.6(8.78)
Fe Fe 44.5D 1098.8(58.5)
Zn Zn 244, 0D 1115.5(50.7)
o Co 5. 720Y 1172.8(99.9)
Co 5. 720Y 1332.1(100)
La La 40. 28H 1596.5(95. 4)
Sb Sb 60.2D 1690. 5(47. 3)

et. FEH &4

B2AAFE ZR o] A}8-3t cellulose-fiber o{Z|(Whatman 41)& 2}3}3F uj
ZEEsh Bl o} 33 QARMo] AT ofefe] Table 4= ol A
H& ¢18] 24" cellulose-fiber o8] vl¥s=E U Zlojth ulgt
T ABoA A ity AFEAS 98l A4 AR 1070 670E AHE

93 BE ENS g7 243 SUsh AuHAn A Table 4
of T olth. o] Eold ®e Awizly] 9FF Br, Zn7t RE AlRelA
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Z&Eden A= ztzt 2.41 ng/od, 17.64 ng/ai® LIELYETE  Ce,

La, Sme Ztz} 1%, 2%, 3%t AEFH £ vt e=E RIP I Fell

2] 31x]¢l 169,51 ng/odf E L}E}YITE whabzbr] #Fe] AL Al, Cl, I, Na7}

T BEEHI D Ca, MnZ 334 AEFA LW C1 919.75 ng/aid]

Xocl, 2|3 Call Nax Z}z}b 349.64 ng/cef, 189.81 ng/adf E H] 3L

TEE BYAIY ohE oR|e} vt 2 sFola AEEE
o

L.
—
o 4= Aee o + YUt

)
flo |o

Table 4. Blank elemental concentration in cellulose-fiber filter

(Unit : ng/cnd )

No. of Arithmetic Standard
Element Range
samples mean Error
Br 10 0.26 ~ 4.72 2.41 0.25
Ce 1 0.56 0.56 -
Cr 8 0.03 ~ 33.3 15.49 3.94
Fe 6 132 ~ 192 169. 51 8.05
Long-lived
La 2 0.33 ~ 0.09 0.21 0.12
Sb 6 0.08 ~ 0.92 0.23 0.14
Sm 3 0.01 ~ 0.04 0.02 0. 005
Zn 10 10.7 ~ 26.1 17,64 1.68
Al 6 15.2 ~ 36.9 24,98 3.23
Ca 3 195 ~ 468 349, 64 80. 842
Cl 6 820 ~ 1042 919.75 36. 627
Short-lived
I 6 0.88 ~ 2.90 2.07 0. 403
Mn 3 0.69 ~ 0.94 0.78 0.08
Na 6 149 ~ 220 189. 81 11. 082
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ul, ¥ZF B AA4 (Correction Factor)

B =& NIST, IAEA 52 o 7kx] & 39 S4Z3tet EEA

thgt WEE e Xfo|al thEe] Ao g yepdici[13].
% Error = [(observed - known) / known] X 100

olE AE EHAo FHL317] 3] RAA4(factor = known / observed)
= Tolol 24 clolHel Boto] RAWTL 2 ATelN AeH EREZ
L NIST SRM 1648 (Urban particulate matter), 2704 (Buffalo River
Sediment), 2709 (San Joaquin Soil)®& Table 5¢f R A A4=7} LIelL} 2lc}.
7t 2ol FIHH d4s EFAS kel 0.7¢ Luoli 7HE 34 HI7HH o
25 AsSZ o] gro] 1.67°]th. BAAIS L] FIES L14EH cixyge
= 94el sk BeBo} HIL ol BAAS %E B LAsIo} o,
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Table 5, Correction factor by SRM analysis

Element 7 -Energy(keV) SRM number C.F.
Al 1778 1648+2704+2709 1.04
Ba 165 1648+2704+2709 0.90
Cl 1642 1648 0.90
Cu 1039 1648 0.97

I 443 1648 0.86
Short-Lived In 416 1648 1.15
Ca 3084 2704+2709 1.07
Mg 1014 1648+2704+2709 0.91
Mn 1810 1648+2704+2709 1.04
Na 1368 1648+2704+2709 0.96
Ti 320 1648+2704+2709 1.00
v 1434 1648+2704+2709 1.02
As 559 2709 1.67
Br 776 1648 1.24
Ce 145 1648+2704+2709 1.20
Co 1173 2709+2704 1.18
Cr 320 1648 1.06
Cs 795 1648+2709 0.99
Fe 1099 1648 1.18
Hf 482 1648 1.21
K 1524 1648 1.28
Long-1lived La 1596 1648+2704+2709 1.32
Lu 208 2704 0.70
Rb 1076 1648+2704 1.15
Sh 1690 1648 1.19
Sc 889 1648 1.24
Se 264 1648 1.07
Sm 103 1648+2704+2709 1.43
Th 312 1648 1.10
Yb 396 2704+2709 1.07
Zn 1115 2704 1.13
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vt A=pEA[18]

chHard 4822wl CMB(Chemical Mass Balance) 2@} @], tiAtz]Y
o] &M izt Abd FHIL FEX R BFol= FSHAHAA Lo
Ao EIANRE v R PR A4HY F2 HEEE FAFHC
2 2ol 23 EUsEel gue nd 4 db WANES B
2 3otstil volyl 2EM HBEEE do FHY 4 ds WHEAYU Tt

AAHEA (Factor Analysis)&& ©|-&3l= TthA®Z 4&RUAF o] 713l
71 2 243 £3E 4 2dde2 e E35E0 o3t JA=E
71 oYl Folrl15,16,17].

chest BAA wbhHog gt ARE o]E3l] M= oty &
AHE8te] EEE AlF|= Aol 41 Hasith

7. = Xi—Xi
M o1

AZNA Ziyy = jHA AEe] il iHx] Wl XEI Haola, X
JH=l A& i HeY Z Xie BEE AR ois] iHA Haee] A

BEIK oiE EFWAPOIt o] EEI AR E AX BE WY #©
0, w4t 1 d MEL H4E HBHTL

ENI

.
3

[lo

AAEN S RE H4EQ] UL nrlY oz EHs] st
z;}o

oooooooooooooooooo

an = aanlj + anZFZ.j + o * ¢ * - aanlj + dnUnj

oA71M Fije HeE EFo HASHE common factoro]il, Uy + jHY
}.

Al gof thyt ztzhe] W of ths] unique factor, a;; & IA} H3late g &
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gl$= 7FEAoltt.

AP BFo] YR ARolMe] By A
common factorE& ZAAJIE Zolz I W4 zZt
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common factoro] 2]3] AWHELE WHEgo] BEAFE ak
AFFLzRe T4 Arh

Lo 4 o

oreF common factor®] RE A4S AwsiH ommunality7} 1 o]x|qt cf
$2el ARold comunalitys 1| BTt ) AAEHS 72 MBS 4B
BAE ANPoEA FoA 4 9T B AFold BNY AR dat
31 x31 AdPHFE LELE 4= Qltt. Common factors F4Ew4E ©]|&35
o communalityZkoll &J8] wA|H AHBHE IL31A I},

o] communality 38 thz3}A]|# Qx| H3}18F matrixE A3
Tl AAREMA 7Y aefsfiof & A2 W e JAAE F&3t=7t §f
*rz'ﬂol °ol& 3%7‘]‘33] B 75‘-_} AAIFIAL A EE 244

rlr
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Fig. 2. Frequency of seasonal average wind direction and speed in 2000
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Fig. 3. Frequency of seasonal average wind direction and speed in 97~ 99
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3, Fols BAte IFTE dAd=E el RS2 2000 39 29Y 3} 4
X 447t FALZE @St £ dToAs dE~4Y 3
HEAoEE 44 6,7, 840 ZHH 4¥2] ALRol thsl] FA}
et 3%_1 9U ~3¢ 3099 EYA R 7 29¢ 18AFEH =
AR At THoA A st

}7] wiZoll PM-10 X M P22 FE7F WA vEid A

Table 6. Weather during sampling period

Date Weather Date Weather Date Weather
3.29~3.30 clear 5.08~5.09 cloudy 7.24~7.25 little cloudy
3.30~3.31 little cloudy |5.09~5.10 rainy(19.2mm) |7.25~7.26 cloudy
3.31~4.01 little cloudy |5.10~5.11 rainy(0.3mm) |7.26~7.27 cloudy
4. 03~4.04 cloudy 5.11~5.12 cloudy 7.27~7.28 little cloudy
4.04~4.05 cloudy 5.12~5.13 little cloudy |7.28~7.29 cloudy
4.05~4.06 clear 5.13~5.14 little cloudy |7.29~7.30 rainy(44, 8mm)
4.06~4.07 little cloudy {5.14~5.15 cloudy 7.30~7.31 rainy(67.5mm)
4.07~4.08 clear 5.16~5,17 rainy(0,3mm) |7.31~8.01 little cloudy
4.08~4.09 much cloudy {5.17~5.18 much cloudy |8.05~8.06 much cloudy
4,09~4,10 rainy(11,.8mm) |5,18~5,19 little cloudy |8.06~8.07 rainy(0.7mm)
4.10~4.11 clear 5.19~5,20 rainy(11,7mm) |8,07~8.08 rainy(1l.3mm)
4,11~4.12 little cloudy |5.20~5.21 little cloudy |8.08~8.09 rainy(0,7mm)
4.12~4,13 little cloudy |5.21~5.22 little cloudy [8.18~8.19 rainy(5, 4mm)
4.13~4.14 much cloudy |5,22~5, 23 clear 8.19~8.20 rainy(67.7mm)
4,14~4.15 little cloudy |5.23~5. 24 cloudy 8.20~8.21 rainy(8.7mm)
4.15~4.16 clear 6.16~6.17 cloudy 8.21~8.22 rainy(1,8mm)
4.16~4.17 clear 6.17~6.18 little cloudy |8.22~8.23 cloudy

6.18~6.19 clear 8.23~8.24 rainy{(89mm)
8.24~8.25 rainy(74.2mm)
8.25~8.26 rainy(74.2mm)
8.28~8.29 rainy(7.8mm)
8.29~8.30 little cloudy
8.30~8.31 rainy(13.5mm)
8.31~9.01 rainy(6.5mm)

Yellow 9.01~9.02 much cloudy

sand 9,.02~9.03 rainy(9.4mm)

9.03~9.04 little cloudy
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Table 7. Average concentration of PM-10 and metals

(Unit : ng/m)

No. of Arithmetic Standard
Range

samples mean error
PM-10( 1g/ i) 62 24.04~230. 26 102.95 4, 68
Ag 48 0.04~1.49 0.33 0.04
Al 62 199. 20~8207. 37 2044. 32 240. 46
As 62 0.53~32.33 6.71 0.85
Ba 62 4.80~120.55 59.10 3.68
Br 62 1.85~116. 37 33.29 3.15
Ca 55 13.22~4089. 44 1056. 41 129, 43
Ce 62 0.19~34.96 5.62 0.85
Cl 62 197. 68 ~4500. 63 1652, 36 119.20
Co 62 0.12~2.47 0.75 0.08
Cr 62 1.07~15.55 5.95 0. 41
Cs 62 0.01~1.48 0.36 0.05
Cu 62 37.61~1096. 84 259,27 24.56
Fe 62 126.25~6335. 91 1466, 72 166. 23
Hf 62 0.03~0.64 0.20 0.02
Hg 30 0.04~0.82 0.35 0. 04
1 59 0.30~23.84 6.49 0.69
In 61 0.00~0.62 0.11 0.02
K 62 93.85~4188. 70 1177.22 125.71
La 62 0.13~7.09 1.75 0.20
Lu 62 0.00~0.07 0.01 0.00
Mg 62 12.10~1947.07 439, 52 56. 44
Mn 62 2.91~115.56 34.08 3.62
Mo 62 0.02~2.88 1.13 0.08
Na 62 45,99 ~2552. 22 711.62 73.59
Rb 62 0.18~20.01 5.43 0.64
Sb 62 1.30~56. 46 15.89 1.31
Sc 62 0.01~2.13 0.40 0. 06
Se 62 0.16~9. 44 2.37 0.28
Sm 60 0.01~1.17 0.24 0.03
Th 62 0.01~2.12 0,49 0. 06
Ti 62 2.76~494 91 118. 61 13.41
Y 62 0.17~15.84 4,96 0.47
Yb 60 0.00~0.30 0.07 0.01
Zn 62 10.12~273. 32 100. 62 6.97
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Table 8. Seasonal concentration of PM-10 and metals

(Unit : ng/m)

Spring
Summer
Yellow sand No yellow sand

No, of Arithmetic Standard No. of Arithmetic Standard No, of Arithmetic Standard

samples mean error  samples mean error samples mean error
‘:Z;ln?) 4 165.78  23.39 28  106.55 572 30  91.21 6.0l
Ag 1 0.38 19 0.32 0.07 28 0.33 0.05
Al 4 5472.16 1235.63 28 2902.85 324.45 30 785.97 80.48
As 4 9.89 2.70 28 9.48 1.46 30 3.7 0.78
Ba 4 93.79 8.99 28 74.93 4.63 30 39.70 3.54
Br 4 38.71 9.43 28 43.91 4.83 30 22.66 3.73
Ca 4 2159,.62  413.56 28 1478.24 178.00 23 351.01 69.63
Ce 4 8.51 2.15 28 9.79 1.45 30 1.34 0.12
Cl 4 2931.59  222.45 28 2064.25 180.54 30 1097.36  95.69
Co 4 1.76 0.37 28 0.97 0.10 30 0.41 0.06
Cr 4 11.07 1.95 28 7.48 0.56 30 3.84 0.26
Cs 4 0.69 0.21 28 0.53 0.08 30 0.16 0.03
Cu 4 138.09 16.53 28 203.15 30.31 30 327.80 38.61
Fe 4 4066.90 1060.05 28 1980.27 209.46 30 640.72 58.27
Hf 4 0.49 0.09 28 0.26 0.02 30 0.11 0.01
Hg 4 0.31 0.18 16 0.40 0.05 10 0.29 0.05
1 4 11.62 2.92 28 9.15 0.90 27 2.97 0.64
In 4 0.18 0.03 28 0.14 0.03 29 0.07 0.02
K 4 2461.87 500,59 28 1640.87 193.30 30 573.20 75.43
La 4 4.77 1.17 28 2.46 0.26 30 0.68 0.06
Lu 4 0.05 0.01 28 0.02 0.00 30 0.00 0.00
Mg 4 1402.70  260.33 28 595. 27 74,87 30 165.72 20.27
Mn 4 81.19 16.29 28 47.33 5.18 30 15.44 1.39
Mo 4 1.47 0.16 28 1.42 0.13 30 0.81 0.08
Na 4 1384.43 199.41 28 955,30 120.51 30 394. 49 53.95
Rb 4 11.98 3.01 28 7.49 1.03 30 2.63 0.35
Sb 4 20. 84 2.83 28 18.51 2.04 30 12.79 1.76
Sc 4 1.33 0.39 28 0.56 0.08 30 0.12 0.01
Se 4 0.83 0.22 28 3.60 0.47 30 1.43 0.22
Sm 4 0.75 0.20 28 0.32 0.04 28 0.07 0.01
Th 4 1.41 0.35 28 0.68 0.08 30 0.18 0.02
Ti 4 259.60 96. 50 28 170.57 18.45 30 51.31 4.84
% 4 9.14 2.07 28 7.01 0.66 30 2.49 0.32
Yb 4 0.17 0.05 28 0.10 0.01 28 0.02 0.00
Zn 4 84.72 8.64 28 133.18 10.93 30 72.35 6.57
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Table 9~12v= &4 33Fo iyt HEEZ 5 FI7IAE HojFrh
o] H7lX]+= Crystal Ball (Decisioneering, version 4.0)& ©o]|-&%3%}o]
Latin Hypercube sampling W &2 10,000H2] H¥IEF A1&3E Zledd], tf
71% 55« Lognormal ¥ 2 7Pg3tart. BEAMYE U2 Z} 249 5%
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3t#, Table 132 BA33Ee] 28X U3t Ays BA AU,
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Cu, Hf, Th, V)oll H§3}3 Gamma EX el 67] ¥4 (As, Cl, K, Ti, Ba,
Hg), Extreme =X 3Eef= 57§(Sb, Br, Mo, Rb, Zn), Weibull EX3ef:= 4

::
o
N
i
1o

N (Mn, Se, I, In), Exponential X3 Eel:= 47](Ca, Mg, Sm, Cs), Beta =
ZHE) Feo] zhzh M3kt RO = Uehdch T@ub Se, Fe, Ti, Bag |
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Table 9. Monte Carlo concentration estimates of toxic metals

(unit : ng/m)
As Cr Mn Co Sb Se
Average 6.91 5.99 34.69 0.75 16.25 2.45
5% 0.85 2.14 6.49 0.17 4,30 0.33
10% 1.22 2.60 8.73 0.23 5.49 0.46
25% 2.21 3.60 14.33 0.35 8.25 0.82
50% 4,27 5.18 24.87 0.57 12.97 1.56
75% 8.26 7.44 43.14 0.94 20. 40 2.96
90% 14.96 10.31 70. 84 1.46 30.65 5.27
95% 21.35 12.54 95.17 1.90 39.12 7.44
Table 10. Monte Carlo concentration estimates of metals from
crust and marine aerosols
(unit : ng/m’)
Al Ca Cl1 Fe K Mg Na Ti
Average 2097.61 1413.16 1064.69 1487.37 1225.73 482.65 741.81 132.80
5% 298. 31 67. 56 487.51 261.48 190.18 45.83 124,43 14.78
10% 417.99 109.38 613.68 354.75 263.81 67.82 170.13 21.42
25% 733.47 243.64 902.75 591.49 452,95 130.34 286.72 39.76
50% 1369.36 592.62 1385.21 1044,78 825.38 269.42 511.88 79.18
75% 2556.89 1442.80 2125.57 1843.19 1505,26 556.71 914.51 157.55
90% 4484.72 3213.63 3124.58 3073.44 2584.15 1069.18 1541.05 292.66
95% 6274.99 5185.29 3933.45 4169.93 3568.11 1581.40 2102.71 423.79
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Table 11. Monte Carlo concentration estimates of rare earth metals

(unit :

ng/m)

Ce

La

Lu

Sc

Sm

Yb

Average

5.86

0.48

0.72

1.43

3.08

6.60

13.15

19.87

1.80

0.27

0.38

0.65

1.20

2.20

3.80

5.27

0.016

0.001

0.002

0.004

0.009

0.018

0.035

0.053

0.41

0.04

0.06

0.23

0.47

0.93

1.39

0.26

0.02

0.03

0.06

0.29

0.58

0.88

0.073

. 006

.009

.018

.038

.083

.166

. 251

Table 12.

Monte Carlo

concentration estimates of other metals

(unit :

ng/mi)

Ag

Ba

Br

Cs

Cu

Hf Hg

I In

Mo

Rb Th

Zn

Average 0. .33

5%

10%

25%

50%

90%

95%

0.08

0.25

0.42

0.65

0.85

61.61

18.09

22.72

33.20

50.62

77.16

35,60

5.96

8.15

13.74

24.55

43. 82

112.75 73.87

141.46 100,94

0.40

0.04

0.06

0.22

0.46

0.89

1.32

261.10

64.66

83.48

127.55

204. 40

327.42

500.11

644.95

0.21 0.37

0.06 0.08

0.07 0.10

0.11 0,16

0.17 0,28

0.26 0.46

0.38 0,74

0.48 0.98

7.30 0.14

0.77 0.006

1.12 0,01

2.11 0,02

4,26 0,06

8.59 0.14

16.15 0.32

23.55 0.52

1.23

0.26

0.35

0.55

0.92

1.54

2.44

3.22

6.10 0.

0.58 0.

0.86 0.

1.66 0.

3.43 0.

7.08 0.

13.61 1.

20.02 1.

53

06

08

16

31

62

15

66

5.33

0.87

1.19

2.02

3.64

6.56

103.22

31.43

39.22

56. 80

85.67

129.23

11.12 187.07

15.26 233. 44
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Table 13. Results of goodness-of-fit tests

Arithmetic Geological Distribution No of
Element Chi-square P-value
mean mean type samples

As 6.71 427 9,936 0.192 Gamma N 62
6.710 0. 349 Lognormal (3)

Cr 5.95 5.18 3.161 0.870 Lognormal 62

. . Weibull

Mn 34.08 24.87 4. 452 0.616  Weibu 62
5.742 0.570 Lognormal (2)

Co 0.75 0.57 8. 968 0. 255 Lognormal 62

. . t

Sb 15. 89 12.98 . 097 0.648  Extreme 62

10. 903 0.143  Lognormal(5)
Weibull

Se 2 37 1 56 12.839 0.046 eibul 62
20. 581 0.004 Lognormal(5)

Al 2044. 32 1369. 52 2.194 0.948 Lognormal 62

tial

ca 1056. 41 593. 02 2,764 0. 906 Exponentia 65
8. 655 0.194 Lognormal (6)
4.129 . G

cl 119.2  1385.32 ! 0.659 " Gamma 62
10,903 0.143 Lognormal (6)
9.613 0.142 Beta

F 1466. 72 1044, 81 62

© 12.194 0.094 Lognormal(3)
3.484 0.746 Gamma

K 1177.22 825.77 62
5,097 0. 648 Lognormal (2)
6. 065 0. 640 Exponential

M 439.52 269.43 62

g 6. 387 0.495 Lognormal (2)

Na 711.62 512.10 7.355 0.393 Lognormal 62
9.290 0.158 Gamma

Ti 118.61 79.19 62

' 24.129 0.001  Lognormal(6)

a) Chi-square testE 23] AF&EH p-valueoll TE Lognormal £ Y= <9
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Table 13. Results of goodness-of-fit tests (continued)

Arithmetic Geological . Distribution No of
Element Chi-square P-value
mean mean type samples

Ce 5.85 3.06 7.677 0. 362 Lognormal 62

La 1.80 1.20 7.355 0.393 Lognormal 62

Lu 0.02 0.01 3.484 0.837 Lognormal 62

Sc 0.41 0.23 4,129 0.765  Lognhormal 62
4,667 0.793 Exponential

Sm 0.26 0.13 7.667 0.363 Lognormal(2) O

Yb 0.07 0.04 3. 667 0.817 Lognormal 62

Ag 0.33 0.25 8.625 0.196 Lognormal 48
2.194 0.901 Gamma

Ba 61.542 50. 621 18. 323 0.011 Lognormal (9) 62
1.548 0.981 Extreme

Br 35.52 24.55 5.742 0.570 Lognormal (5) 62
8. 968 0. 345 Exponential

Cs 0. 40 0.22 8.968 0.255 Lognormal(3) 02

Cu 260. 91 204. 41 3. 807 0.802 Lognormal 62

Hf 0.21 0.17 8. 968 0.255 Lognormal 62
0.800 0.670 Gamma

He 0.37 0.28 2.800 0.424 Lognormal(5) 0
5,576 0.472  Weibull

I 7.31 4.26 10,661 0.154 Lognormal (6) 59
2.115 0.909  weibull

In 0.14 0.06 8.672 0.277 Lognormal(4) O
2.194 0.948 Extreme

Mo 1.23 0.92 5.742 0.570  Lognormal(5)  °2
4,774 0.688 Extreme

Rb 6.113 3.43 7.032 0.426 Lognormal(3)  °2

Th 0.52 0.31 4,452 0.727 Lognormal 62

\% 4,96 3.65 8.323 0. 305 Lognormal 62
2.194 0.948 Extreme

Zn 100. 62 85.67 6.387 0.495 Lognormal(3) 62
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Fig. 17. Comparison of heavy metal concentration between

industrial complex and roadside
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Table 14. Varimax rotated factor matrix

Eactor
1 2 3 4 5 communality
Al 966 109 098 113 019 968
Br 162 943 .095 .046 145 948
Ca 910 133 .260 118 011 927
Cl .783 222 100 .007 315 772
Cu ~.273 -.028 -.042 -.068 -.032 .083
Fe 966 108 136 116 .005 977
Mn 952 .097 203 133 .020 975
Mg 856 037 -.153 116 146 792
Na 850 -.080 -.013 -.099 .363 871
v 855 .089 402 .200 ~.062 944
Zn 523 413 606 .300 .079 .908
As 322 .095 184 .903 013 .962
Ba 739 .334 323 -.027 -.079 796
Ce 216 .068 178 .083 -.078 .096
Co .898 132 159 123 -.078 870
Cr .880 221 255 AT -.071 .901
Cs 875 .081 .332 .109 120 .829
Hf .906 222 72 .024 -.024 910
| .682 .035 .498 295 166 .947
In 077 216 126 .023 917 952
K 916 .063 .309 .086 .026 .909
La .956 078 144 107 -.003 911
Lu 935 .059 .035 113 132 .963
Rb 877 019 298 176 152 973
Sb 072 969 .099 .046 .085 890
Sc .978 .002 .078 102 .021 973
Se 190 122 .907 072 104 890
Sm 976 .043 .090 102 012 973
Th .955 106 137 135 .022 .961
Ti 942 .061 .095 .048 110 915
Va‘(';‘/‘o’;ce 61.57 7.953 7.948 4314 4.086 .890
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AP F 7ER 8] B HoA 17718 {45 (Al, As, Ba, Ca, Co, Cr, Cu,
Fe, K, Mg, Mn, Na, Sb, Se, Ti, V, Zn)o] ZEF o2 REAMF =y, Aas,
Sb, Se, Ba, Cu, Ti, Zn, Al, Ca, Fe, K, Mg®] 127] 4o tisdir= INAA
2 BEAM3 =248 X9 Fduidn FEY =7 oAl 1,2 3L 5=
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Abstract (15-20 Lines)

From the results of the quantitative analysis for airborne particulates at the roadside by
INAA, it is shown that the concentration of metals such as Al, Ca, Cl, Fe, K, Mg and Na due
to crust and marine aerosols is much higher than that of any, other metal. The concentratlon of
human carcinogen, arsenic and chromium is 6.711+0.85 ng/m’ and 5.95+0.41 ng/m’ while that
of non-carcinogenic toxic metal Mn is 34.08+£3.62 ng/m’, respectively. During yellow sandy
season the concentration of metals such as Al, Na, Mg, Ca, Fe and K shows up to 12 times
higher than that in summer.

The 95th percentile concentration of toxic metals is 2 to 3 times as much as that of their
arithmetic mean, which may be caused by high end of skewed distribution and the limited
number of data. Therefore, it is necessary to analyze much more samples for the refinement of
probabillistic concentration estimates. Results of goodness-of-fit tests show non- symmetrical
skewed distribution for concentration of every trace metal. The distribution will be closer to
Lognormal while the number of data increases.

INAA has very low detection limits and needs very small amount of airborne particulate
sample for the analysis. However, it can not analyze the metals such as Pb, Ni, Cd, and Si
which are very important ones for risk assessment or receptor modeling. Thus, it is necessary to
use other analytical tool like ICP-MS as a complement.

The results of factor analysis by SPSS shows that 85.8% of total variance is well explained
and that communality of almost every analyzed metal except Cu and Ce has about 0.9. Factor
1 is soil and road dust, which explains 61.57% of total variance. Thus, this is the biggest
source to be judged in the study area. Automobile exhausts, combustion of residual fuel oil,
nearby industrial complex and yellow sand, and sea salt spray accounts for 7.953%, 7.948%,
4.314%, and 4.086%, respectively.

INAA, Airborne Factor

analysis
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