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ABSTRACT

The real-time radon(**Rn) monitoring has been carried out to evaluate the
background level concentration of atmospheric radon in Gosan site, Jeju Island, for
three years between January 2001 and December 2003. In addition, the atmospheric
TSP aerosols have been sampled for four years between January 2001 and December
2004, and then their ionic and metallic components were analyzed to understand the
characteristics as well as the background level of air pollution.

The daily mean concentration of radon were 2010+ 1065 mBg/m’, and the
seasonal concentrations were 1834, 1925, 2129 and 2159 mBg/m’ respectively for
spring, summer, fall and winter seasons. In monthly comparison, the radon showed
the highest concentration in November and the lowest in May. The hourly
concentrations have increased during the nighttime with showing 2439 mBg/m’ at 7
am., and relatively decreased during the daytime with showing 1577 mBg/m’' at 2 p.m.
From the back trajectory analyses, the radon concentrations showed higher values
when the air masses were moved from the China continent to Jeju area, on the other
hand, it showed lower values when from the North Pacific Ocean.

The concentrations of ionic components of atmospheric TSP aerosols were in
the order of nss-SOs >Na' >NO; >Cl > NH,' > nss-Ca” > K’ > Mg, and those of
metal elements and sulfur were in the order of S>Na>K > Al > Ca>Fe > Mg >Zn
>Pb>Ti>Mn>V>Ba>Cu>Ni>5Sr>Cr>Mo>Cd>Co. On the comparison of
yearly mean concentrations, the major components of aerosols such as I’ISS*SO427,
NOs, S, Al and Ca were in the order of 2002 > 2001 > 2004 > 2003. Seasonally, the
concentrations of nss-SOs°, NOs, S, nss-Ca”, Al, Ca, Fe, Ti and K, which were
mostly originated from anthropogenic and soil sources, showed higher values with the
order of spring > winter > fall > summer, and those of soil components largely
increased in spring more than other seasons. But the concentrations of Pb and Zn

were in the order of winter > spring > fall > summer, and spring > winter =~ fall

_ix_



> summer for those of Cr and Cd. From the comparison of monthly concentrations,
most of aerosol components showed the highest concentrations in March, and the
lowest concentrations in July. Whereas the concentrations of nss—Ca‘b, Al, Fe, Ca, Ti,
Ba and Sr increased in April as well as in March, and those of nss-SO4 and S
were higher in June. Meanwhile in the heavy metals, the concentration were higher
in January for Pb, and in March for Ni, Cr and Cu. Due to the enrichment factors,
the Na', CI' and Mg2+ were mostly originated from seasalt particles, and the Al, Ca
and Fe were from soil particles, however the other components of aerosols were
originated from another sources. On the basis of factor analysis, the TSP aerosols at
Gosan area are largely influenced by soil sources, and next by anthropogenic sources
and marine sources. From the study of the concentration variations by wind
direction, the concentrations of nss—Ca%, K', NO; and nss-SOs were higher when
the wind came from westerly wind (210° ~ 330°), and similarly those of Al, Fe, Ca
and Ti increased in northwesterly wind (270° ~ 330°), but relatively decrease in
southeasterly wind. In the result of back trajectory analyses, the concentrations of
HSS*SO427, NOs;, Al and Ca were higher when the air masses came from China
continent to Jeju area, on the other hand, their concentrations were lower when from

the North Pacific Ocean.
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gelel fixlstr o 54 An "gAE 9 dHeld iRl oo, AlE7,

AVR 5& AAste] 717150l A &% 55 % " ddS sFsdh
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2) 5747171

d

(1) Radon(**Rn) Detector System

g HE7e Wds:E A4S 9

ok

17t= AH|E 3F ANSTO (Australian
Nuclear Science and Technology Organisation)oll 4] AA| 2 o2 A, A =5t} o]
Z= %79 7HE(sensitivity)E 0.21 counts - sec /Bgm *o] 11, 7 Z 3 (lower limit

of detection)= 90 mBg/m>e]t}.

(2) High Volume Tape Sampler

7] F9 dojEF AgE dE KIMOTO ElectricAtolA] A28k high volume
tape sampler(model 195A)& AF&3te] A FHsEG T ©] samplere roll typee] PTFE
(polytetrafluoroethylene) & ¥ (sumitomo Electric, 100mm x 10m)Z A}g3lo] 43
ow ARE AALT F de AeAz=golH, Alme] AHATS dg2 4T = 9l
= timer7} F& 3o o). High Volume Tape Sampler= =449 AHoY Wi
gaste] FdB(Zo] 7Tm, WA 38mm¢el flexible hose)S ZHolHe =WHE TEA

71 A% 6m =ole] olojmEe] xHE  =H AASAY o W F E1e



b

S %714 %7} 92 170L/min°] H =% ZA st}

(3) Inductively Coupled Plasma Spectrophotometer

dofzEe] F4 9 3 AE(AlL Fe, Ca, Na, K, Mg, S, Ti, Mn, Ba, Sr, Zn, V,
Cr, Pb, Cu, Ni, Co, Mo, Cd)2 ICP-AES(Thermo Jarrell Ash, Model IRIS-DUO)E
AVESFe] BEA5kgth ICP-AES+ Simultaneous mode 7Fs @, Radial/Axial Plasma

Aegolar, 4068 MHzS] RF frequency & XAME 4 A=s T AUt

(4) Microwave Digestion System

dojzEe] FHARL dolzz BHE 4 folo] AHAA vo|azd ¥
FAZ EEZAA oY, vtolazy B3 A= v= CEMAFS] model MAR-5E A&

S

(5) Ton Chromatograph

oz e FQ Yol " So]l AEELS  MetrohmAt9 Modula Ion

ofo
o
O

Chromatograph2 A} S
Metrosep A-SUPP-4 #3235 9Fo]

Y-S AR, HE 7] conductivity detectorg AR&3he] 4] 38ES

’

wAs AT o W 28 A" Sl 4l Metrohm
=

2. 2 == 2UHY

#%E %= Radon(**Rn) Detector Systemol] ZFE S AAs o] AA7Ho
Bl5) sk, 20019 195 E 20039 129744 & 3d7F 308 HAC=E 143
sttt olgA SAE deolHE 28¢ (tAoE HAS iEEdY F
~3 dAE) S8 MAFE SAH ARE o8t AR F AT vEE AEsHATK

Whittlestone S. et al., 1998, Wlodek Zahorowski et al., 2005 )
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detector)E AF-&3Fo] Metrohm Metrosep Cation 1-2-6 Z %, 1.0 mL/min <, 20uL
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Table 1. Method detection limit(ppb) and RSE for IC analysis.

NH,* Na* K* Ca’t  Mg*t S04 NOs~  CIT

MDL 0.19 0.13 1.62 2.42 1.47 0.40 0.32 0.89
RSE 0.03 0.03 0.09 0.06 0.10 0.05 0.04 0.13
SIEE S

(1) Al=e] HA e

o2& As7F AHE ZEE vdeXed dEste] 20 C Weae] HF
AL, oieF e AR FA ®AEA doR2Ee] 34 9 3 AES EPA
Method 3051A°] W o2 mfo]aRs T3l FA5 Abgate] &4 &0z EZAF]
o AlE7E AFE ZEE HZE &7 P ¥e Zak 9mLet W A4k 3mLE
74e & wlolARIE FAEY] 558 B¢ X5 175 T2 i, thA] o] 2k oA
4587 FAAZ F 1083 A 22 "oy Fsit). vlojamy RIS
AZ &AL 045m HEHZE o Fsle] EEAH HYAE AL F 2EFE A HF

Aoz §FFeaAcA BmlE EFste] ICPEA & AR AMEsH T

2 55 2 F AL 24

£ ICPHo® Al Fe, Ca, Mg, K, Na, Zn,

™

AAeE 7% dojmdEe] 55 4
Pb, Mn, Ti, Ba, Cu, Sr, V, Ni, Cr, Mo, Cd, Co 59 =& A&7 & d&S #43
ATk ICP 24 Al #5892 AccuStandardAte] ICP4 1000 ppm &84S Z&49)
4 &Aoo w FMeto] AT o] W 34 &= mER A s H45HA7]7]
st Alge dAAE FAY A ¥EEZ HNOs¥ HClIE 33 &8 218319
o AgA A4 A Aed mEse Ao Ed we 1FE 4EEL 00150
pg/mL, A % AEES 001~10pg/mL HYE AP o] w 19F9 F& i

I g5 BA6H7] 913 ICP-AESS] =1 3% A E3A= Table 29 2t



Table 2. Instrument conditions and detection limit(ppm) for ICP-AES analysis.

Instrument Thermo Jarrel Ash, Model IRIS-DUO
Operation Mode Simultaneous mode RF Power 1150 W
Outer = 16.0 L/min
Plasma Type Radial, Axial Ar Flow Rate Inner = 0.5 L/min
Nebulizer = 28, 35 psi
RF Frequency 40.68 MHz Pump Rate 130 rpm
Detection Detection Detection Detection
Element Wavelength .. . Element Wavelength o
Limit (ppm) Limit (ppm)
(nm) (nm)
Al 396.152 0.044 Fe 259.837 0.009
Ca 317.933 0.021 Na 588.995 0.028
K 766.490 0.068 Mg 202.582 0.012
Ti 334.941 0.001 Mn 257.610 0.0002
Ba 233.527 0.002 Sr 346.446 0.003
Zn 213.856 0.001 \Y 309.311 0.001
Cr 267.716 0.003 Pb 220.353 0.021
Cu 324.754 0.003 Ni 221.647 0.002
Co 228.616 0.001 Mo 202.030 0.002
Cd 214.438 0.001 S 182.034 0.031
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15w} ol Blojdh A= FdAdo] "olxBngE A&ttt & o] 7|3t
FE+= 2010 mBg/m' £ 1065 mBg/m’o] 22, 20031 29 25¥el] 71 =2 6448 mBg/m’ <]
TEE UEYler, 20019 6€ 18¥d 7 ©2 87 mBag/m'e FEE H A

w3 =77 Fo gEsEE AdEZ v w2 A3 (Table 49 Figure 3), &
Holl = 1834 mBg/m', A& & 1925 mBg/m’, 7F=Eoll 2129 mBg/m’, &4 2159
mBg/mZ ALl 7MY EE FEE BHAA, o ® JHE, oF ooy, Hof )
g FEE el oleld Al WSk Takao lidao] o8] ZAbE A9
Nagoya, Kasugai, Taki #A9e] =4 ZAye} AR+ 43S HAH Takao lida,

1996 ).

Table 3. Yearly “*Rn concentrations(mBq/m’) during the year of 2001 and 2003.

2001 2002 2003

MeantSD Max Min MeantSD Max = Min MeantSD Max Min

1909+1050 5470 87 1999+£1056 6355 169 2124+1082 6448 145

Table 4. Comparison of seasonal “’Rn concentrations(mBg/m’).

Spring Summer Fall Winter

MeantSD Max Min MeantSD Max Min MeantSD Max Min Mean+SD Max Min

18344942 5298 169  1925£1158 5509 87 21294981 5470 145 2159+1135 6448 304
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Table 5. Monthly mean concentrations of radon at Gosan site.

Concentration (mBg/m’) Concentration (mBg/m’)

Mean Median SD Max Min Mean Median SD Max Min

Jan 2172 1825 1269 6355 304 Jul 1695 1630 1163 5124 111
Feb 2251 2053 1087 6448 505 Aug 2155 2046 1232 5509 200
Mar 1991 1900 1046 5298 330 Sep 1912 1879 872 4494 145
Apr 1860 1884 828 3570 169 Oct 2155 2030 925 4522 355
May 1651 1581 912 4254 232 Nov 2312 2132 1099 5470 341
Jun 1925 1863 1032 4422 87 — Dec: 12063 @ 1968 1035 5098 322

4000

3000 | T —_— T

&5
2000 | \_€9. wiod A !

Concentration(mBg/')
N
I
A
\/4

1000 || L ] ] L

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 4. Comparison of monthly radon concentrations at Gosan site; The
circles represent mean values based on all hourly data, whereas

the bars represent mean values based on daily concentrations.
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Figure 5. Comparison of hourly radon concentrations at Gosan site.
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TeHHE A8 2R o JAA EAS AT FAA B4 v FE g
712 (NOAA, National Oceanic and Atmospheric Administration )l A& 3l

HYSPLT4 ( HYbrid Single-Particle Lagrangian Integrated Trajectory )® &g o]&3}

Ak wgk AAA A AREE F3, TE5 AR 94 NOAAS Hyh FNL ( FiNaL
run at NCEP)A= & o] &3t3ith FNLAR 9 F3Ax= =9t 4% 247 1905 kn
oln, A7 FxE AFHE 20hPa7tA 14Z08 FAEHO gl T F3 g FoA
A 7] eAEde] A9 g 4Y oo gk w=ddtE Zo® A gl

A, olE zetahe] dAlH ®Ae) mANHE 5A1204ME AASFATH FDH A

2 AT 7ol S48 dH gEdolE T AEERE 2 A9 10%<F sk 10%
2 et ar, BA-o| 27670, AEH 2767, 7FSHol 24370, AL H] 27074 ¢ )
olHE AASAY. g o] dAE V|FoE 3 9gHH BN AFE 19 Figure 6
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~ Figure 9o Yelidth. Aol HiTo] ghE s AAHez F7|A7 5ol

ARE AFAGoR oW W & TRE W wH, RuHdel dFowyy
AFAGow o5 W B ve FEE ehla vk Sel old@ @Re

=
b SadiEolA 23 AV AFE AR Gew FAEAAR, v s=7F
S 89 10% 9 well= 57.2% A=7F T dlFolA Edskda, vvA 357 % =
Ag 3 FEHEEAGAA FhA FUA AFE adAGer oFHAES &
& AT AFHeE A9 10% asE s Al7lel of 572% =7 T
, 321%7F 4 B 5 HEEAY, 10.7% 7 sElvet 2 Aol Aol A we]
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Figure 6. Back trajectories corresponding to high(upper) and low

(lower) 10 % of radon concentrations in spring.
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Figure 7. Back trajectories corresponding to high(upper) and low

(lower) 10 % of radon concentrations in summer.
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Figure 8. Back trajectories corresponding to high(upper) and low

(lower) 10 % of radon concentrations in fall.
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Figure 9. Back trajectories corresponding to high(upper) and low

(lower) 10 % of radon concentrations in winter.
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2. O7ldol2& == 54

Ao wjEo] mEA F
7vakal da, olv Hul, FHI A 3 o S5 sk dAdd ol2dn 53 S
< uFe dv] ed=dS wiEste] 2 Tolert P & AeR AN Ut
(Mckendry et al., 2001; Perry et al; 1999; 7183 9], 1996). solAlo} X2 SO, ¢

&S 1996l AR dEtdla s @ o] HiEH L Au( A 9]
2004; Street et al, 2003). 20000 7|=o 2 ofAlo} A He] SO, FHlE S 34,940
GgolH, 53] F3+¢] W& %S 20,753 Ggo & ofAlo} HA wjZEe] 60%, Fobrlo}t
Ao wiEZFe 90 % & AHAska vk Carmichael, 2003 ).

ol gk o]fF = Folrlol Ao firledEd AAY o A= =MLY T8
dAstFAlolw ole] gk A vt H A FAVE 8 E I vk dE] A9 1990
9 2HHEEH Mg B FEE AR e dE=E e A olFd e #d 4
T7F AEHA o7 Py b Hatakeyama et al., 2001, 1997, 1995). &3k 1990
Z ko] =3l® NASAS] PEM-West A2} B(Pacific Exploratory Missions West)2]
4 Ao wzd SHE G Ao tr7t sotAletmRE A7 e olFskE SO:

I A Thornton et al., 1999, 1997, 1996 ). &= SO, ¢} 3
AAEe 5, A4 HES v3s drled=4de] F7egoleat westo
HAge] thrld d A A A, A FEAE SR g tirledlol2Ee] F
& 5= A7) flete]l ACE-Asia® H| %3 INDOEX, TRACE-P, ABC 59 <+
AtdEo] 28 Fo 9th(Huebert et al., 2003; Tu et al., 2003; Bates et al., 2002 ).

E AFgAE S 719 MAEE AL EE SNt T A QoA HA Y
= drled=de A7 A4E A f% &

A Ao A 7] olof2ES AF, FAA T 2001 1955 20043 12€¢ 24 44
T AR A RE AFHsStY] o 8 B w5 ARESs B8 28 1
A3 Z Table 6 ~ Table 93 Figure 10 ~ Figure 17¢] e AT,

o] 71zt & WrlololREe] F4A A FEE nss-SO. (542 gg/m') > Na' (2.00

N\

lo

N

AP}
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m') > K'(0.33 pg/m’) > Mg (0.30 pg/m') 9] +o & velygth A= HFses 20019
ol nss-SOs” >Na > Cl >NOz >NH; >nss-Ca” >Mg” > K", 20029 nss-SO
>NO; >Cl >Na >nss-Ca” >NH; > K' >Mg”, 2003l nss-SOs >NO; >Na'
>ClI >NHs > K >Mg” >nss-Ca”, 2004l nss-SOs >NO; >Na > Cl > NH,'
>Mg? > K >nss-Ca’ 9 o2 A9 fA}s AgS Roch

o] 714 nss-SO, & HI31 Y (non-sea salt) SO ¢ FE=, SO, ¢ & FwoA 3
Ao fFhel 7193 SO o wEE W, [nss-SO. 1=[S041-[Na'lx 02519 o]
93] AlME FZo|tH(Ho et al, 2003; Nishikawa et al., 1991; Yoshizumi et al.,
1986; Lester et al, 1980). ©]# & nss-SO° v 5= Aoz a|F g wjA st
A9A 299 SOSFERE 2 F 9lom nss-SOS FEE 2001 556 pg/m', 20023
6.28 pg/m’, 20039 4.53 pg/m’, 20049 5.36 pg/m'® YERGTE 4Wd7HS] nss-SOS FEE
542 pg/m’' o)W, AEHEE= 2002d %0 7MY 2 FEE B, W] 20034 Eel

Tho wel gEFE e Ao g (AN E, 1998). £ U] Tom WEH
F e Ao waso Aok A o dHE FRA A YA
o} Al e, FHAAed A2 dFE AL, drldozE A T TS

Prospero, 1999).
NO; &= SO, ¢ vhd7bA & -2 1914 a9l BA7|4E Y, 142 9%

Al NOJF abstad& AA AdEH= 22 S9EHolth. NOs o 4%

NH, /g &o] Az}t Alwtel osiA NOs = 73teo] EGIA7E d7] o2 s

A
dejzEol Fdd F= vk T HEu AR Sl o AdTAHoR Y] T
FHE7I= o 28y NOs o 22 dif2 3h4 die] A3 ddo] =2,

ok
>
offt
ﬁN_';

N

A BE 5o ggor wAEE gEAe A9H odB otk
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0.72 pg/m', 200213 0.65 pg/m’, 2003 0.20 pg/m’, 2004 <]l

Witk 2001 nss-Ca’ <]

=

[e]

=
I 4

=

w4 23
SN o1&, 7] FolA

2 ZALE A

2 Bt Gordan, 1997 ).
vl Ca’'o] #E 2, [nss-Ca’'l=[Ca®]-[Na'lx 0042 2o ¢]

T+ 22 2.00, 1.86 ug/m'e] Fk
FZoltH(Ho et al, 2003; Nishikawa et al., 1991, Yoshizumi et al., 1986;

o

Al

R
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=l
B 2001 ~ 200430 72 1.24, 158, 1.32, 1.32 pg/m'e) kS X aL, 2002

1

o =LA m|
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Sk

£ 7] ol =&

2
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T
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al
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B Zo WX vate] o&, Ni, V 5& A9 9 3AolM, Phi AHE At w
Z7F2=0l A, Cu, Cd, Zn, Cr, Pb & &7 344, Na, K, Mg 52 sfidel ofs) &
A= Aoz ¢4eA Qv Huang et al., 1994).

T olE 4 AREY 493 A s vus) 2 23 S>Na>K>Al>Ca>
Fe > Mg >Zn>Pb>Ti>Mn >V >Ba>Cu>Ni > Sr>Cr>Mo > Cd > Co?| <2
T2 ALY TV LS YEd= S wE7F BE =3, o & Na, K, Al Ca,
Fe, Mg 59 3ld % EF A5 dAH R & & HAth A== v
8 2 A3} 2001 dolE= S >Na> Al>Ca>Fe>K, Mg >Ti>Zn>Pb>Mne o=
=4 dvEhken, 2002d9] S >Na> Al> Ca > Fe > K> Mg > Zn > Pb > Ti > Mn,
2003 S >K > Mg > Al > Ca>Fe >Na >Zn >Pb > Ti > Mn, 2004 S>K > Al
>Ca>Mg>Fe>Na>Zn>Pb>Mn>Ti¢ ¥% &4 Vehglth v o] & A
e Y] AEES BT "4 g FFEo sRE Bl

2 SS9 Al Ca, Fe, K, Na, Mge] ¥%& v EW, S9

74 2001 ~ 2004l Z+zb 1.65, 2.24, 155, 1.58 pg/m' & 2002l 7F4 =31 2003 ol
AEor ve s Yehlduh =3 B9 JNEARE T Al 2001 ~ 2004\
of Z+7} 0.87, 1.27, 0.27, 0.31 pg/m’, Ca> Z+Z} 0.76, 1.23, 0.26, 0.27 pg/m' & LFEFRE
A=W vl A S Al Ca Al AE ZF 20024 > 20019 > 2004 > 2003 9] <=
o® e AF¥S eI FeAd & 7H7E 075, 1.03, 0.23, 0.18 ug/m’, sl gl 2
A9 Nadt Mgel FEE 2001 ~ 2004l Nazb Z+2+ 153, 191, 022, 0.14 pg/m',
Mg2 Zt7} 045, 0.63, 0.33, 0.22 pg/m'e] s YERATE AR o5 AEE o
Al 2002 > 2001 > 2003 > 20041 9] o= 200297 20019l =2 AFS o
el 28y K AEel 4% 2001 ~ 200430 ZH2E 045, 0.66, 1.28, 0.74 pg/m' 2,
20039 > 2004 > 2002 > 200119 FE =& YEo & AREdE vE A

o molxm gl Aow 2R

filo
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Table 6. Annual mean concentrations of Water—soluble components during the

year of 2001 and 2004.

Concentration(ug/m')

Year Statistics
NH,, Na° K  Mg>” NOs CI résa%I ggi;
Mean 124 263 032 033 19 238 072 556
Median 094 202 022 024 137 111 017 440
2001 SD 103 184 031 025 18 28l 155 435
Max 586 917 141 129 1060 1415 937 2240
Min 016 018 001 002 040 004 000 068
Mean 158 201 038 034 223 218 065 628
Median 110 164 028 025 163 107 023 477
2002 SD 124 138 037 031 214 247 110 450
Max 6.18 766 ' 228 221 1346 1457 549 1994
Min 000 013 000 000 006 000 000 024
Mean 132 160 028 021 170 137 020 453
Median 107 141 019 018 139 070 013 350
2003 SD 090 097 028 013 117 153 031 332
Max 421 483 196 071 743 794 248 1656
Min 028 018 000 000 016 009 000 047
Mean 132 183 033 034 19 158 021 536
Median 102 159 027 021 164 081 015 459
2004 SD 103 118 029 0338 158 160 021 349
Max 567 617 161 187 1066 738 165 17.78
Min 000 008 001 003 014 010 000 006
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Table 7. Annual mean concentrations of sulfur and metal components during the

year of 2001 and 2004.

Concentration(ug/m’)

Year  Statistics

Al Fe Ca Na K Mg S
Mean 0.87 0.75 0.76 1.53 0.45 0.45 1.65
Median 0.37 0.23 0.24 1.12 0.22 0.22 1.35
2001 SD 1.68 1.69 1.66 1.30 0.78 0.75 1.37
Max 10.43 10.89 1041 7.86 4.38 4.68 8.95
Min 0.02 0.01 0.02 0.00 0.00 0.00 0.02
Mean 1.27 1.03 1.23 191 0.66 0.63 2.24
Median 0.34 0.28 0.36 1.54 0.33 0.29 1.72
2002 SD 3.75 3.02 3.19 1.37 1.19 1.39 1.65
Max 25.97 23.36 22.82 8.69 921  12.20 11.73
Min 0.04 0.02 0.04 0.09 0.02 0.03 0.18
Mean 0.27 0.23 0.26 0.22 1.28 0.33 1.55
Median 0.21 0.16 0.18 0.18 1.18 0.20 1.36
2003 SD 0.27 0.28 0.32 0.15 0.58 0.36 1.05
Max 2.05 2.34 2.44 1.07 3.61 2.11 8.48
Min 0.02 0.01 0.01 0.01 0.06 0.03 0.05
Mean 0.31 0.18 0.27 0.14 0.74 0.22 1.58
Median 0.20 0.14 0.15 0.13 0.60 0.16 1.46
2004 SD 0.38 0.19 0.36 0.09 0.59 0.20 0.87
Max 2.71 1.67 2.31 0.53 3.38 1.19 4.82
Min 0.01 0.00 0.00 0.00 0.01 0.00 0.01
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Table 8. Annual mean concentrations of sulfur and metal components during the

year of 2001 and 2004.

Concentration(ng/m’)

Year  Statistics
Ti Mn Ba Sr Zn A\ Pb

Mean 42.02 22.76 6.73 5.40 37.33 8.97 31.88

Median 18.23 10.89 2.69 2.69 21.84 4.55 20.89

2001 SD 65.34  33.84 11.92 '7.86 4751  12.87 38.34
Max 27589 18524  70.33 45.07 357770 8370  247.88

Min 0.60 0.42 0.00 0.00 0.00 0.66 0.38

Mean 38.07  34.62 9.17 0.92 56.12 9.52 48.02

Median 18.88 12.90 3.07 2.87 36.98 3.72 34.03

2002 SD 12777 74.29 20.48 11.53 53.54  22.87 54.57
Max 60548 506.09 133.13 ~ 10451 . 33992 177.04 323.45

Min 1.37 0.99 0.00 0.00 0.00 0.00 0.05

Mean 14.35 10.12 3.41 2.25 4417 3.92 26.69

Median 10.67 7.63 211 1.90 29.97 3.24 19.90

2003 SD 14.05 10.26 4.38 1.79 51.19 2.43 26.13
Max 7893 7417 26.78 1314 40552 1379 19311

Min 0.51 0.55 0.00 0.00 0.00 0.90 0.00

Mean 11.44 12.01 2.87 2.03 33.58 4.15 17.92

Median 8.98 8.18 1.62 1.39 26.04 297 10.99

2004 SD 10.11 12.35 3.64 2.22 30.78 4.03 19.96
Max 6834 8525 22.39 1842 16780  28.67 98.96

Min 0.13 0.25 0.02 0.08 0.40 0.06 0.00
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Table 9. Annual mean concentrations of sulfur and metal components during

the year of 2001 and 2004.

Concentration(ng/m")

Year Statistics

Cr Cu Ni Co Mo Cd
Mean 2.78 3.73 421 0.58 0.79 0.89
Median 1.68 2.84 2.58 0.29 0.65 0.63
2001 SD 3.42 3.97 4.48 0.94 0.69 0.81
Max 20.37 25.44 21.68 7.89 4.87 477
Min 0.00 0.04 0.00 0.00 0.00 0.00
Mean 4.16 4.80 5.30 1.00 0.79 1.00
Median 2.18 3.57 4.26 0.57 0.65 0.72
2002 SD 7.10 4.74 4.45 1.61 0.53 1.03
Max 48.68 26.54 34.08 11.59 2.62 5.60
Min 0.00 0.19 0.49 0.00 0.00 0.00
Mean 1.34 3.90 3.38 0.21 0.96 0.74
Median 1.09 2.76 2.26 0.17 0.70 0.59
2003 SD 1.13 4.81 3.03 0.20 0.71 0.59
Max 6.22 50.17 13.29 141 3.06 4.54
Min 0.00 0.00 0.00 0.00 0.00 0.00
Mean 0.76 3.22 2.61 0.13 1.37 0.57
Median 0.46 2.18 2.24 0.09 1.70 0.39
2004 SD 0.85 3.07 1.65 0.13 0.87 0.56
Max 6.41 17.28 9.77 0.89 3.61 2.62
Min 0.00 0.15 0.00 0.00 0.00 0.00
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components during the year of 2001 and 2004.
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Figure 12. Comparison of annual mean concentrations of S, Al, Fe, Ca, Na,

K and Mg components during the year of 2001 and 2004.
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Figure 13. Comparison of annual mean concentrations of Ti, Mn, Ba, Zn,

Sr, V and Pb components during the year of 2001 and 2004.
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Figure 14. Comparison of annual mean concentrations of Cr, Cu, Ni, Co,

Mo and Cd components-during the year of 2001 and 2004.
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Figure 15. Comparison of annual mean concentrations of metal components

during the year of 2001 and 2004.
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25, a8 a vz AMEE U Aeg d#A] It Pio et al, 1996; Carmichael et
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Z7tete ATFS BA(HTF 9, 1994). ® Cle 27 59 Ax7HAdA HCl7b2~
2 7] Fol wEE ¥, 724 NHy 3 wh&3ke] NH,CL 9 23 Y#5 A,
Aol v AR el A Fx=7t F7F ghvkar G A ATk, 1983 ).
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=, 7He, B £oE =2 FREE BT EF Cl Y TEe 144 ~ 223 pg/m' 9
H E

=2 TEE R dld 719 Na 4

pord
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Table 10. Seasonal mean concentrations of Water—soluble components.

Concentration(zg/m’)
Season Statistics nss— nss—

NH,, Na" K Mg” NO; CI Car SO

Mean 147 187 037 041 268 194 0.97 6.16

Median 1.15 145 029 028 208 031 0.29 4.87

Spring SD 1.00 142 031 039 212 250 1.65 4.01
Max 479 798 139 221 1060 1415 937 19.40

Min 000 008 000 003 013 006 0.00 0.76

Mean 139 181 023 021 119 144 0.11 512

Median 096 -~ 147 0.3 017 105 0.65 0.07 3.86

Summer SD 122 137 026 015 069 164 0.12 4.37
Max 58 747 161 118 454 834 0.69 22.40

Min 0.00 010 0.00 0.00 014 0.09 0.00 0.06

Mean 1.10 216 030 022 167 182 0.24 4.56

Median 082 182 024 019 145 1.07 0.17 3.39

Fall SD 092 139 026 015 1.03 193 0.33 3.63
Max 567 917 19 079 638 1110 278 19.94

Min 013 029 001 000 037 004 0.00 0.34

Mean 151 216 039 036 222 223 0.37 578

Median 114 187 029 027 166  1.37 0.19 4.85

Winter SD 1.07 143 039 031 211 2.45 0.54 3.72
Max 6.18 766 228 187 1346 1457 3.19 18.14

Min 025 013 001 000 0.06 0.00 0.00 0.87
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Table 11. Seasonal mean concentrations of metal components.

Season Statistics

Concentration(zg/m’)

Al Fe Ca Na K Mg S
Mean 160 135 151 125 108 075 2.02
Median 043 035 039 048 067 029 1.61
Spring SD 387 324 337 162 133 148 156
Max 2597 2336 2282 786 921 1220  11.73
Min 002 001 001 000 000 000 0.02
Mean 028 013 015 067 055 020 1.60
Median 020 009 010 033 02 013 1.39
Summer  SD 025 014 013 071 056 023 115
Max W97y #080=1 —0.85- 018761 11225 156 5.94
Min 001 000 000 000 000 000 0.01
Mean 034 025 030 075 072 030 1.47
Median 024 018 020 023 059 020 118
Fall SD 052 046 045 095 053 035 123
Max 574 507 450 535 305 211 8.48
Min 002 001 002 004 002 001 0.13
Mean 038 034 044 102 082 034 1.90
Median 024 023 028 040 063 028 1.64
Winter SD 040 033 047 127 066 025 1.10
Max 271 167 266 869 338 119 6.06
Min 005 001 004 005 000 003 0.34
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Table 12. Seasonal mean concentrations of metal components.

Concentration(ng/m’)

Season Statistics

Ti Mn Ba Sr Zn \Y% Pb
Mean 54.25 3847 1155  7.32 50.65  14.16 34.81
Median 2021 1519  4.07 2.93 31.85 5.79 24.10
Spring SD 816 7374 2165 1279 5218 @ 24.20 36.69
Max 60548 506.09 133.13 10451 357.70 177.04 247.88
Min 0.31 0.34 0.06 0.00 0.00 0.23 0.19
Mean 10.77 653 1.57 141 271.54 4.06 17.97
Median .47 453 0.95 1.30 16.35 3.67 8.64
Summer SD 1153 6.38 1.4 0.90 28.82 2.26 23.94
Max 70841 3636 8.78 530 14745 1350  127.73
Min 0.13 0.25 0.00 0.00 0.00 0.06 0.05
Mean 16.02 1268  3.25 2.50 37.75 2.98 28.14
Median 1092 850 2.17 1.98 26.93 2.57 18.19
Fall SD 1892 16.71 5.10 2.41 37.65 2.08 33.12
Max 17149 16484 5016 2147 20455 1879 19544
Min 0.65 0.59 0.00 0.25 0.00 0.65 0.00
Mean 1998  19.31 4.99 3.79 55.03 4.32 42.97
Median 1343 1296  3.18 2.75 39.96 291 25.65
Winter SD 1795 2471 523 3.29 59.23 3.49 51.58
Max 94.34 23849 2678 1842 40552 2043 < 32345
Min 1.05 0.83 0.00 0.00 0.00 0.00 0.02
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Table 13. Seasonal mean concentrations of metal components.

Concentration(ng/m’)

Season Statistics

Cr Cu Ni Co Mo Cd
Mean 3.92 4.90 5.75 1.04 0.99 1.07
Median 1.81 3.06 4.37 0.42 0.73 0.77
Spring SD 6.28 5.30 4.98 1.75 0.80 0.99
Max 42.17 26.54 34.08 11.59 4.87 5.60
Min 0.00 0.00 0.00 0.00 0.00 0.01
Mean 1.28 2.38 2.71 0.18 1.03 0.52
Median 1.01 1.81 1.98 0.14 0.70 0.36
Summer SD 1.25 2.00 2.44 0.13 0.75 0.60
Max 7.56 10.20 13.76 0.74 3.02 454
Min 0.00 0.04 0.00 0.00 0.00 0.00
Mean 191 4.04 2.95 0.24 0.84 0.66
Median 1.10 2.90 2.15 0.17 0.59 0.51
Fall SD 4.61 5.00 3.12 0.29 0.64 0.52
Max 48.68 50.17 22.28 2.80 3.06 2.74
Min 0.00 0.17 0.00 0.00 0.00 0.01
Mean 1.69 4.21 3.86 0.40 1.08 0.91
Median 1.27 3.48 3.07 0.29 0.87 0.73
Winter SD 1.46 3.23 2.70 0.35 0.75 0.80
Max 8.83 21.81 11.42 1.85 3.61 4.71
Min 0.00 0.19 0.17 0.00 0.00 0.00
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4.5 —
3.6
E
o
3
T 2.7+
2
)
<
=
S 1.8
[P]
=
(=]
@]
0.9 + J-
0.0 = 'T' * i T T f
Al Fe Ca N a K M g S

Figure 35. Comparison of Al, Fe, Ca, Na, K, Mg and S concentrations in win-

ter.

_48_



100

~~
E 75 +
S~
on
=
N’
=
(=}
2
& 50 1
N
=
(5]
&
=
(=]
@)

_l
—
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Table 14. Monthly mean concentrations of water—soluble components.

Concentration(ug/m’)

Month
NH,  Na' K' Mg B Nos ggi;

Jan 173 266 043 042 049 225 314 621
Feb 170 192 041 042 042 263 184 607
Mar 153 258 043 049 115 300 321 653
Apr 139 168 037 046 120 296 162  6.24
May 157 129 029 020 025 163 084 546
Jun 213 105 039 018 017 123 056 740
Jul 113 17177012 < 019 — 006 115 147 405
Aug 096 256 019 025 0.1 119 217 409
Sep 119 197 025 020 018 120 154 477
Oct L1 245 036 024 029 193 179 487
Nov 103 202 028 022 024 177 206 410
Dec 120 193 035 026 025 190 178 524
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Table 15. Monthly mean concentrations of sulfur and metal components.

Component Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Al 043 045 206 190 036 039 021 023 031 032 037 028
Fe 040 041 160 174 021 023 007 010 017 025 032 026
Ca 052 053 18 192 019 020 0.09 015 023 031 035 033
we/m' Na 141 072 168 137 041 048 064 08 077 067 083 094
K 08 08 124 115 071 058 051 055 059 075 078 071
Mg 037 035 099 084 021 030 013 019 023 032 034 031
S 186 198 222 221 137 222 129 132 167 146 132 188
Ti 2510 2350 6539 6532 1591 1725 700 850 1252 16.13 1862 13.39
Mn 2379 1840 4725 4662 944 1046 397 537 916 1228 1581 1641
Ba 488 755 1407 1414 268 282 072 125 230 316 410 3.26
Sr 434 446 963 850 166 149 1.00 1.71 194 257 287 288
Zn 5852 6588 6546 5200 2722 43.17 19.73 20.89 27.74 38.46 44.80 44.49
\4 484 572 1419 1845 525 544 384 307 337 282 283 289
ng/m Pb 4962 39.15 4711 3567 1592 2750 1241 14.65 2593 27.71 30.29 40.44
Cr 168 204 498 448 127 149 126 111 291 135 170 1.4
Cu 397 412 599 538 237 336 196 191 299 539 347 447
Ni 461 441 720 564 394 418 234 176 317 273 3.00 287
Co 049 041 120 132 025 025 012 017 019 021 031 032
Mo 104 0954 110 0598 08 108 093 107 102 078 076 1.20
Cd 093 09 117 120 066 069 036 052 050 074 071 091
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Figure 38. Variations of monthly mean concentrations of water

-soluble components.
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Figure 39. Variations of monthly mean concentrations of Al, Fe,

Ca, Na, K, Mg and S components.
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Figure 40. Variations of monthly mean concentrations of Ti,

Mn, Ba, Sr, Zn, V and Pb components.
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Table 16. Seasonal comparison of seawater enrichment factors for

water—-soluble components.

(Cx/chi+ )Acroso]/(Cx/CNa+ )ScaWaLcr

X Seawater
Annual Spring  Summer Fall Winter
S04~ 0.26 17.6 22.1 19.3 13.2 18.3
Ca** 0.04 7.6 14.6 3.6 4.7 6.6
K* 0.04 5.8 6.6 5.0 4.9 6.6
Mg** 0.13 1.4 2.2 1.1 0.9 1.6
Cl™ 1.80 0.5 0.5 0.4 0.4 0.4

Table 17. Seasonal comparison of soil enrichment factors for metal elements.

(CX/CAI)Aerosol/(cx/CAl)Crust

X Crust

Annual Spring Summer Fall Winter
K 0.3483 10.1 e 9.6 12.9 11.1
Na 0.3595 8.5 5.0 11.2 7.8 10.3
Mg 0.1654 6.2 4.5 6.1 6.9 7.4
Fe 0.4353 1.8 2.0 1.2 1.7 2.9
Ca 0.3731 2.6 2.9 1.7 2.4 3.4
Co 0.0001 12.1 14.0 10.0 10.1 14.4
Ti 0.0093 5.6 5.4 4.9 5.5 6.5
Mn 0.0075 5.3 4.6 3.4 5.6 7.9
Ni 0.0002 66.7 54.8 70.6 65.5 77.4
Vv 0.0007 24.9 26.8 31.7 19.8 21.5
Pb 0.0002 493.2 339.8 395.9 498.1 753.0
Zn 0.0009 171.4 114.1 146.5 185.8 2441
Cd 0.0012 2.3 2.0 2.0 24 2.8
Cu 0.0003 4.7 3.2 3.7 6.2 5.8
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Table 19. Results of varimax factor analysis for aerosol components.

Component Factor 1 Factor 2 Factor 3 Factor 4
NH4 -0.056 0.841 -0.189 -0.125
Na’ 0.053 0.031 0.930 0.044

K’ 0.105 0.866 0.228 0.104
Mg” 0.380 0.277 0.617 -0.015
NOs3 0.347 0.498 0.412 0.096

Cl 0.163 -0.106 0.920 0.002

nss—-Ca”' 0.642 0.335 0.323 0.053

nss-SO;” 0.077 0.916 -0.056 -0.066

Al 0.968 0.063 0.085 0.040

Fe 0.967 0.090 0.099 0.051

Ca 0.968 0.109 0.118 0.052

Na 0.526 0.178 0.541 -0.208

K 0.657 0.127 0.205 0.314
Mg 0.919 0.166 0.169 0.071

S 0.294 0:819 0.025 0.079

Ti 0.861 0.151 0.215 0.003
Mn 0.930 0.214 0.101 0.041

Ba 0.953 0.198 0.107 0.063

Sr 0.912 0.193 0.233 0.037

Zn 0.319 0.721 0.116 0.273

\Y 0.940 0.120 0.098 0.027

Pb 0.126 0.853 0.155 0.171

Cr 0.817 0.147 0.096 -0.057

Cu 0.541 0.524 0.045 0.201

Ni 0.653 0.424 0.164 -0.206

Co 0.932 0.126 0.110 0.014
Mo 0.033 0.221 -0.046 0.843

Cd 0.487 0.563 0.123 0.325

Eigenvalue 14.6 4.2 2.3 1.0

Variance(%) 52.2 14.9 8.2 36

Cumulative(%) 52.2 67.1 75.2 78.8
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Figure 42. Variations of K, nssta%, nss-SO,° and NOs; concentrations

(ug/m') as a function of the wind direction.
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Figure 43. Variations of Al Fe, Ca, K, Ti and V concentrations(ng/m')

as a function of the wind direction.
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Figure 44. Variations of S, Pb, Zn, Mn, Ba and Cr concentrations(ng/m")

as a function of the wind direction.
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