I3 A BT A A2 #43
J. KAPRA Vol. 12, No. 4 (1996) pp. 389~398
Journal of Korea Air Pollution Research Association

MEA th7|5 Aty 2HEF =Hdojl 2t A7

lonic Composition of Aerosol Particles under Urban Atmospheres of
Seoul, Korea

Ofr

ot & Mg M &Y

FPRPAATI AT
YAl&A g st
(199533 119 19 A<, 1996 89 289 A=)

Jin-Seok Han, Shin-Do Kim?
National Institute of Environmental Research
YSeoul City University
(Received 1 November 1995; accepted 28 August 1996)

Abstract

In order to understand the relative importance of various pathways leading t‘ the production and trans-

formation of aerosols under different atmospheric conditions, the behavior of atmospheric aerosols have been

investigated using a high volume tape sampler in Seoul for a week period during August 1990. The concen-

trations of anion ($O,2°, NO;", CI') and cation (Ca*, Na’, NH.") species of aerosol samples were analyzed to

identify the ionic composition of aerosols and to estimate their relative contributions to aerosol formation. The

concentrations of aerosol species were caiculated by a multiple regression model. The results of our calculations
indicate the existence of various chemical species such as (NH,).SO,, Na,SQ,, CaSO., NH.NO;, NaNOQ,,
Ca(NOs);, NH,CI, and NaCl salts. According to our calculations, the most dominant species of aerosol was
(NH,),SO; with the mean concentration of 23.3 pg/m* (66.8%). The proportion of different components with
aerosol (e.g., NH.NO, and NH.Cl) was strongly affected by temperature, relative humidity, and partial pressure

of gases.

Key words : particle matter, factor analysis, multiple regression, secondary generated particle, equivalent

concentration

1. A B

971 F dAERLE 35, T84 AES RS
gz, f718s § Ve #7132 $2R Bk
ol FoiAdlet. UANEAD F mASAE YHE A
d, FAvlnE ARz F8 UEAE A4t

I, FE& EYHY] FE uagE L, 2
L B3t QA 719%x] 9 o] FU= A
Fots  $UAIZE &) (Appel ef al., 1985;
Pitchford, 1982; Wolff, 1982). ¢)2j3t dAAEA
2 dixiAs EokAY u)ah, sl bubble-
jet mechanismel| 9J3le AF7 T sh} g7 F 7}
2540 §5, AEIRS, IAEASY €S
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0 WA -

=2 %3l 23802 AAHYE 8 (Davis ¢f al,,
1979; Calvert et al., 1978; Middleton ef al.,
1978, 1980). 7] ol F-f3te 234 AALY A4
2 ol HAkst whe A S Fold A Fo] wzhHA
He] Eajsin], 1 UHLEE F2 2um oEl2H, F
8 FAAEE 1A e84 AR Aes B
2 9lv} (Heintzenberg, 1989; Steisen and Sein-
feld, 1981). 4 =dAYY 7| F UAYER] 4
AR JejME oulE] 5 (1986, 1987)e 2js)A,
A F ARG M ol 3P F(1995), HE4E 5
(1996)¢l] oM 7t J¥F9] FELE7} B HAH.
ey ol spatgal qhmold AAakd § sfAAE
Aoy Azhubgat S35 ofat 23Rl B3R A
o) B (Muteg £, 1994a; Davis et al., 1979;
Calvert et al., 1978)% w} 9lov}, o7l F UAAE
Asp 7haAl BAate) whgol o3 EAiyee] WY - A
A At Yo} #g SFEIE F-58 Ao
o} (Autd E, 1994b). ¥ dFdMe d7] F 23
2] QA sk ubgol] 23k {iRle] FAIA o] Mgk WA
o 2Pt 2AYA S M E) sl Mg 2RF
A4g9 o7l & YRAGEAS 44 AHsto 2344
A9 F8 FAAEY 84 ALS EAET chi s
Hubiel QAN 2 FI AL A sk

2 AEHEM o HMYY

947 F dANERY A4 42 M€ BT =¥
g7, High Volume Tape Sampler® A}

A dAFERY ANE A% gei= ISP}
(Pallflex Co.) EHZE d o)X (teflon tape) ¥EES
AHgsteeh. AHE YAYEALS 100 ml AAEeaa
of X £535F4 20 mlE H7H3 ¥, shakerel ]
3087 58 F 44F AN AMed AEE
e o]2z2rtE T8y (Dionex 2001)E AH&-8le
Cl, NOy, SO 9 A& Arsgen, NH, 2 o
=y, Ca®, Na', K+, Mg?>*2 Flameless
Atomic Absorption Spectrometer (Perkin Elmer,
carbon )& 83l EAMlol z o) eXEEe
EMuley H284 (detection limit)& F 13 7o
o, B AgojM 244 35 EMe gz Hux
t E 25t A 9AoE A9 FREL PAAY
A7kl gt exlsd A HF LA (relative mean
error) 2 e, AL bl AYEE 24
A gFo] Wk Wi} (deviation) e} AdjFH
(relative mean deviation)2.2 F#Hslc} R 2-= &
o] & (CI', NOy, SO )ell o8 z2 1.5 pg/ml, 2

Table 1. The detection limits for the analysis of each
ionic component.

Component Analytical Method De(tzzx/orr;il)mlt
SO |lon chromatography - 0.02
NO;" !lon chromatography 0.02
Cl Ion chromatography 0.01
NH.” |Indophenol-blue absorptiometry 0.02

Na* Atomic absorption spectrophotometry 0,005
Ca’r Atomic absorption spectrophotometry 0.01

4-3ted 1990y 8Y 119 12215 89 179 2.4 84 Mg** | Atemic absorption spectrophotometry| 0. 005
7HA] 4217 A28 A4 oz YAAIRAL 3638 ) K* Atomic absorption spectrophotometry 0.03
Table 2. Relative mean deviation (RMD) and error (RME) for the analysis of each ionic component.
Item No cr NOs SO Item No cr NOs S0~
) (ug/ml) | (pg/ml) (ug/ml) | (ng/ml) | (ng/mib) (pg/ml)
1 0.015 0.021 0.037 1 0.048 0.077 0.113
2 0.035 0.062 0.081 2 0.002 0.006 0.005
3 0.048 0.061 0.067 3 0.081 0.117 0.143
Deviation 4 0.042 0.061 0.083 Error 4 0.009 0,005 0,007
5 0.036 0.064 0.077 5 0.069 0.120 0.153
6 0.025 0.048 0.067 6 0.058 0.104 0.143
7 0.044 0.069 0.085 7 0.011 0.013 0.009
Mean 0.035 0.055 0.071 Mean Error 0.040 0.063 0.082
Deviation
Relative Mean Relative Mean
2 4 2.6 3.2 4.1
Deviation(%) 2.3 7 3. Error(%)
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pg/ml, 2pg/ml EEEYE ol &3l ubE FHS A
Az Holn,
4%, 5% 9|t AYE g FUEst S8 AL
4 gl

¥4 AR NS H3ld A7) F YAREL F 5
LA o)X g FPFEE ARG 29, SPSS PC+
Z20YPL o83t UARE 90 A3 varimax
Wel o8t AL stepwise FHALA G Sole

AdH A} Adgdeast 44
o
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HE 371, Fole AE 57hel Astel AAlaed 24
Holeq el ZARee] A S8 A%,

3. o g5 oy

3.1 +EHHEL 559 IAMHE

YAFEA F 7 44 ol HEEH gole A
EEL2 Mz diperuaN EA3T gleng 7 o
AEES BN AAE e Ed bslgion X 33
g, JEEY ¥E: SOS>NO, >Cl, NH, >
Ca® >Na*>Mg* >K 402 vehdch Lol A2
£9 ¥EEX¥E CI° 3.9~32 nequiv./m?, NO;
9.2~56 nequiv./m®, SO 40~ 386 nequiv./m’2.
#o foleAE F SO TR HEHEEE 229
nequiv./m*)7} 713 ¥A Jepton, cfol A LES
e =2 8B¥E= NH,* 38~354 nequiv./m? Ca*
18~90 nequiv./m® Na‘* 2.2~77 nequiv./m®, K*
3.1~30 nequiv./m®, Mg*" 2,5~25 nequiv./m*%&
H ool AHE F NHSY FE(EIFE 199
nequiv./m*)7} 714 ¥4 JepzazA A4ERY
S84 AR F GRY FAde] F88 wFE A
A2 HE & 4 U

Sole3} ofo] 29 o] WIAE F 37 ¥ 144
A By o 8 ofol 2 o)Al EM Fol29] Py
71 ool e 90% FEoln HA7IZd AL FUH
ez eyt

Meng et al.(1995)2 7] YAAEAS whibel e

The Sum of Anion (s equiv/m")

Fig. 1. Relationship between total anion and cation
species (r=0.99, N=36, P<0.0001).
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Fig. 2. The concentrations of cations and SO,*.
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Fig. 3. The concentrations of anions and NH,'.

Table 3. The concentrations of ionic components of ambient aerosol samples (nequiv./m°).

Ccr NOy SO& Anion NH,* Ca** Na*t K* Mg?* Cation
MAX, 31.6 55.5 386 415 354 89.5 77.0 29.6 24.6 466
MIN. 3.94 9.19 39.8 54,1 37.8 17.5 2,17 3.07 2.46 70.0
AVG 10.2 25.7 229 265 199 48.2 19.6 10.7 12.0 289
) (3.8)° 9.7 (86.5) (100) (68.7) (16.7) (6.8) (3.8) 4.1 (100)
S.D. 6.4 10.7 97.4 101 87.4 18.4 17.6 4.91 5.77 108
* unit=%
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02 AN - A=

3 TRl e FEE AARlA e, ol A¥el 7t
243 AR HYe B Aoz Bazly
. & AN debd Fol2 Ade] ¥5 AL
Abol &3 FrbAbol 9] $Ae] o] Foix|A] YT o|F
o FE7F Fol 28 ol XA Fa o sk A
22 A7dd. 44 EAAN 244 ARl 2 F
842 o|F AEEel ZtAREAS 7] F ukgel 9
3§ Aoz e AES ¥ AR oz
olE 744 AEY dFEel & ATA GPeE 3

I 9l 57HA ool  E#Elc) (Heintzenberg,
1989; Stelsen and Seinfeld, 1981; Calvert
et al., 1978).

244 429 AANARE ek 29 29 32 Ao
Be S84 A FUSEY WS geled Av:
SOZ, oolee] A4+ NH, o] 5= wohel] ofaf 7
293 Qe 4 4 A

=8 33023t Fele, SO RS AA Ml
NH,' 559 AA887} 9482 lon $aetmye}
99 AN 44 29 FEE B9 S
% 4 35 2F 29 39049l 139 AYFE 149 2
169 % ol %S 284 4% Fruge F$A4S
ool g ASALS G B me) Pavh B
Ediobds] 4HEE AARE Ro2 YUt

3.2 ME2te AN QAXIEN

FHA RS 29 AL AR Hetd 7 o
AR BM2E (N=36)5 o83l dARASE
T3 A= B 49 2ow, ol AEE 7Y A
4% CI'st NOs 7} 0.68, Fol2AEE Zelle NH
8} Ca?*7} 0.62, Ca®* ¢ K*7} 0.71, Na*g} Mg*7}
0.6322 Aol ¢S ¥52 ZF P<0.0001=2 (%
9 =E 99,99%) JepgTh Sol AR oFol A ¥

Table 4. Results of correlation analysis.

o} A#4e CI2 Na*, Mgl 72 0.80, 0.59,
NO;& Na*, Mg**¢l 0.81, 0.81, SO:%2 NH,*,
Ca*, Na*, Mg**, K*2} 0.97, 0.75, 0.52, 0.62
ol P<0,001% vieht, o AEEo] ¢ HAd
22 WEHAdAY W7 F ubgel st HER
APAHY 7o) & Zloz A7

7t AEEe] W2 AR S FES] sl QAN e
AN B e AAEM (factor analysis)E =g
Hegol o8 oy A2 ¥E Fae ¥ 3l (common
variablity) & 7= WES Zohfo] F 79 JdAE
HAME7) A Aoz A4 HREY FEE HEE AS
st

AR 7|2 2y-e o3 Zoh (William and
Matthew, 1984).

Xi=aufi+apf+ - +aufc+ - Faimlata @)

71X, Xz &34 A Héoln, ank A WS
o kA FEAA ) W3 AFHR A1 (factor
loading)°] 2, fil kA FFUA, e mAY ¢z
o & g ¢ A W5 E4<3 (unique
factor)eld}. e TE FEUA s FARRol 7}
At o7t anfitaph+ - Fawfit -+ amfagt 349
A (2)7F B EH,

Var(X,)=Var(c;)+ Var(e) (2)

of71A, Var(c)# Var(e): 22 H4 X2) FEEA
(common variance), E4-%Al(unique varian-ce)
olg} sy, FEIFALL FEX (communality)e} 7]
% 32 h2ez AT FTEERE FEQAA A
429 FRAL] dal dREelAe FEL oju)siy,
i3 72 Aoz RHIHY,

Ccr NOy’ SO.= NH* Ca’* Na* Mg**
cr (36%)
NOs . 684" (36%)
SO -.139 .351 (36%)
NH.* —.246 218 970 (36%)
Ca® —.023 .385 746" 623" (36™)
Na* 798" 812+ 111 —-.016 .051 (36*)
Mgt .590* 811" .520 .384 .570° . 628" (36%)
K* —-.033 . 340 .624* .502 705 .161 .526*

* 1 No. of samples
* P <o0.001
* P < 0.0001

BRG] A1z A4
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hi=ai’+ag’+ - +aw’ (3)

A3 QA £5 AA7] M E A (eigen
value) 9} FEE, 283 ¥47]d & (cumulative per-
cent) 5& 2ejsie, A8 AAe| wety g2 o
v o g DHA5F 1.0 o4, FA7|AEo] 80% o]
ol AeA QA4E AA Y (William and Matt-
hew, 1984).

TRAE ok Aol A dejA 4 it

{R-I+H)-All=0 (4)

o714, RS A#AeLgd, 1= 2484 (unit mat-
rix), H= m/) 84% 2+ h? (i=1, 2, 3,-+, m)
9] A g4 (diagonal matrix), Ax ZHolc),
=3 FEAAS AR FEES 2HA
(eigenvalue) & AM&stch. UM AAQ & 5%
ARy THA7F 1 o|4e AL <l 1, 274AjelH,
o)z} 27kA] YA 7]odgo] 91,6%0|BE QA 1, 2B A
gaioc). AEY 4L F7] Hstd dAEHY A
(factor rotation)e] 7}&8tx, o8} 72 wpo
Kazero] 9}#lA = iL3)#l (orthogonal rotation) sk
varimax #o] A4S, mEM A 2AS A4

~ Table 5. Communality and eigenvalue.

: : Cum.
Var., Communality Factor Eigenvalue Percent
Cr 0.812 1 3.907 56.4
NOy 0.829 2 2.439 91.6
SO~ 0.990 3 .449 98.1
NH.* 0.986 4 - . 108 99,7
Ca?* 0,865 5 .018 100.0
Na* 0,880 6 .002 100.0
K* 0.628 7 —.016 100.0
Mg** 0.818 8 -.097 100.0

Table 6. Factor loading and communality by the
varimax method.

Var. Factor 1 Factor 2 Communality
Cr -0,2378 0.8870 0.8433
NO;” 0.2369 0.8843 0.8381
507 0.9804 —0.0025 0.9613
NH,* 0.8461 —-0.1404 0.7356
Ca?* 0.8004 0.1365 0.6592
Na* -0, 0485 0.8370 0.7644
K* 0.6342 0.1382 0.4213
Mg 0.4765 0.7644 0.8113

o] QARBFL AZaodch

E 6023 Az 13 28 FAHE 23 Qe o2
HEL 5O NH.*, Ca?* 18]Z Mgts} K7} #3
Ho) gl HREoln, o 29t 2L BANE 27 9
L o]4%E CIY, NOy, Na*, Mg 24 o] 435
o H% wWshe, AT AT g AEY
£ UehlE ek &, 59U o] Sla gakel Ay
e, 9% 59 o 4R 9% 9% £& A
& 4% glou g7l 3 YAl F4Y 244 4

RS RS gy] SN stagEste] wgeld ska

B3t AR BT Astel 284 JHUAA A
Y53 W3t 9] A Hn o WeEe
Fsis g AHslelAel 8 Aoz A7AEe 1ol
3 QA 18 Aol BHEFEYAA, AR
25 AU Aol S8 AIEGUA B4
el glet.

3.3 H7mYel WH
P44 SRS 70 ARYRAH 3 AARALY
A YRR EANAE 2 A3l 3]
24 ANGOR $44 4BhdAe FHAZY
2 gg3t 2ol ®UY £ Yok,

[Anioni)=an[NH,*]+a:[Ca’** ] +as[Na* 1+
aid[K+]+ai5[Mg2+] (5)
[Cation;]=bu[Cl'] +bp[NO; ]+ bSO ] (6)

FHAZYINS A48T AYASES DAL G
Sl £89 3ol glold ol &3t Fol29] Asp
YT Aed A ()8 (6)22 B¥E 39

CARYANY 7 HpY ASE 0<a, b<19 A&

sl 7 o] 2R ALEY & (Fay) 14 7t
£ 5 530] ¥ gl AEET RAE FEI
uteds i 9l &S onjahe Aoz E 4 9. wepH,
DA RA, QdAEA, stepwise selection Hb¥e]]
o3 A FIHARANG @4, 34 2 54 2
55 3ld IAARY S At g Aok

HA ARG L AAss] Held 74 So]2AEL o
o] AR, 7 ol AR Fol A RS HEt step
wise selection ¥Piel] 23 HAFIARYL 7 Ed
gdon, FIAne] Ay HA #Ar|FLE
A AAAS (R? adjusted) s} 3HARYPLZ Hgs:
AR AR (K2 v 3 EAAEET (MSR),
2303 MYz o= FAEY ¥ (FHAASY
SSE)& A% (DF : n—k-1Z v¥ 3 s
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Table 7. Results of multiregression analysis for anions
using a stepwise selection method.

Coefficient Value

Dep. Var. R?
NH.* Ca* Nat Mg K+
SO~ 0.898 0.911 0.484 - — 0.997
CI’ - - 0.246 0.398 - 0.888
NOs - 0.188 0.490 0.683 - 0.965
Total 0.898 1.099 1.120 1,081 0.0

Table 8. Results of multiregression analysis for ca-
tions using a stepwise selection method.

Coefficient Value

Dep.Var. R?
Cr NO; SO
NH,* - - 0,867 0.991
Ca’™ - 0.451 0,154 0.940
Na* 1.289 0.335 - 0.854
Mgt 0.264 0.208 0.018 0.953
K+ - 0.111 0.034 0,895
Total 1.553 1.105 1.074

#H# (MSE), 283, F-Ratio (MSR/MSE)S$ o4&
& F 734 (F-test) 8Py o] AH-® 4= 9)o} (Wonnacott
and Wonnacott, 1979).

R? adjusted=[R*-k/(n-1)1[(n-1)/(n-k-1)]
(7)

4714, R*= A4S, n: 2229 $, k: =

H4:9] $0]3, F HAAA+E F(k, n—k-1; 1-a) o
9. FAFIARYE AAT o ¢4 AYASY 129
s} g4 F gt& AAbsld F(k, n—-k-1; 1-p)
p=0.01, #25F0] oF 90%e] # g3l 4,0 o]A}e]

 HeEE AR g

o]zt 2 A& UKl WeolM Fol &3} Lol
L& FALE 47 HAFIH RN L ANE A
7, 8% Zom, FoleAEL FAozZ FAMI Az
FolAFE FAHLE FHF ARE vlmsld Hn
Na;S0., MgSO,, K,SO., NH,NO,;, KNO,8| Ag3
2 2 A il?iﬁﬁoil*i BdAstE Aoz eyt
o w3, 4 HpEY ASES X7, SDIW Ag ¥
ol & FAo2G FAARYY HALI} ol A
FEG 1o 2AHE diA ez 48, (NH,).SO0.,
CaS0., Na:;S0,, NaCl, MgCl,, NaNQ,, Mg(NO,).,
Ca(NO:),o| A& 23sl= 23 L o] %3 gl

HH 7 RAGEA) A12d A4E

Hebd, Fold F4UTE ¢ AALYL AAsige
o, HASAEH AN AR Fole (P EH
A A B4 bPsAel Rud AgHHE ¥4 2
E387] 93ty NHNO;, MgS0O,, K.S0,, KC19 7
T MY IARAE ARsgE <8 A9
olgddts SARY FolM W WSE] ds) 7

[+]
= %

Table 9. Model fitting results for anions.

Dependent Independent Coefficient Standard R%-

Variable Variable Value Error adjusted
cr- Na* 0.2461 0.0501 0.885
Mg** 0.3983 0.0994
NH,* 0.8899 0.0327 0.997
Ca®t 0.7209 0.2051
SO» Na* 0.4319 0.1861
Mg 0.0367 0.7155
K+ 1.0506 0.6729
Na* 0.3897 0.0712 0.965
NO; Mg** 0,6828 0.2714
Ca* 0.1884 0.0517

Table 10. Analysis of variance (ANOVA) for the regre-
ssion between CI~ and cations.

Source Sum of DF Mean F-Ratio P-value
Squares Square

Model 4,633.9 2 2,316,9 135.1 0000

Error 582.8 34 17.1

Total 5,216.7 36

Table 11. Analysis of variance (ANOVA} for the regre-
ssion between SO,> and cations.

Source Sum of Mean F-Ratio P-value
Squares Square:

Model 2,229,770 5 445,954 2 378.5 0000

Error 5,812 31 187

Total 2,235,582 36

Table 12. Analysis of variance (ANOVA) for the regre-

ssion between NO,” and cations.
Source Sum of Mean F-Ratio P-value
Squares Square
Model 26,881.0 3 8,960.33 323.0 . 0000
Error 915.4 33 27.74
Total 27,796.4 36




HEA H71% QA 29Ede] A B dF 3%

Aggo] ASeo} sk 7l R2AY Y ¥ F FEY
A3, £ 9o AXE Tl 7 AR 2y Ao
vebdet, E 10~122 7 2yl gg #4F £ A
A& Astelt, A2$ (n=36)o] YA Leid 2E
37 ®8je] F-Ratio7} 130 olAo]=2 mel| oA
AgE el e FAbo] Fxte] Wld Moz aw
P<0.000122A fo4F 99.99% o|A oA of 3H
Zye} BARHCE oujz} iy ALz vebdd. o
d Aag AHd, o5 FHARE S I

{C1"] =0.2461[Na*]}+0.3984[Mg**] (8)
[NO; 1=0,1884[Ca’*1+0.3897[Na*]
+0.6828[Mg**] (9}

[SO+ 1=0,8898[NH,*]+0.7210[Ca’*]
+0.4320[Na*]1+1.051[K*]
+0.0367[Mg**]
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Fig.- 4. The relationship observed between computed
concentration of SO,>” (r=0.99, N=36, P<0.0001}.

3.4 2xjMi Ml Riet ERRIXte] EXfHER

sadgate AAgGYAs F8 244 YAEY 5
28 o)1 gt} (Stelson and Seinfeld, 1981;
Appel et al.,, 1978), A7) FoMe} siade 749wt
3 AaAba At vk Fel ogk 24 R
o AR 77 deiMe 8 ATl osiM B
v} 9lew (Davis et al., 1979; Calvert et al.,
1978; Friend ef al., 1978; Castleman ef a!l.,
1975; Smith et al., 1973), 3k, AAY, 4
9 NaCl 52 oh&3 22 ubg7igd o3 di7]

A g wAdgT o (23, 19900 Sein-

feld, 1986).
S0:(g) + 84 4 AHNaCl, MgCl) — SAV)(HH )

— 3 4 YAH(Na;S0s, MgSO0.)+HCl(g) (11
HNO;(g) + 34} 2HNaCl, MgClz)
— AU AHNaNO;, Mg(NO:))+HCI(g)  (12)

+ SO:(g) +CaCO:(E%44 L) — CaSO(EFEZFUAD)

(13)
S0,(g) +MgCO;(EFY AL — MgSO(EEg A
(14)
HNO;+CaCO:(EFY AL — Ca(NOs) (EFEZY A
(15)
HNO;+MgCOs(E¥4aH — Mg(NOs) A EFEZY D
(16)

YALAERY Fo WAL el e T
H] 86%% A8t gl NaClzl B4 AFEEAR
A ol&ET glont, HARFHAM dFE g2
e w2 72 E AZEE Natzl 4 (8)e A 24.6%
uto] NaCigel2 &3k, A (9)ollA 39%7} 24k,
A (10)elH 43.2%67F BA9e2 vehtby, Mg
ASE 2 S B gi7] FollM ubSel odle &
Ayt wgd oz gxc sgY=z) A7 F
oA HNOu9} #hge] o8 NaNO. Yz #ggo] 4
& £l 929 vt gJd (Mamane and Gottlieb,
1989; Mamane and Mehler, 1987). #HdyA2]
NaCl, MgCl-2 AHET 75% olAbeM f-8ofx 4}
g2 fAign 7] F9 SOk~ ¥ HNO:$H A4} (11)
# (12)3} el A2 EFYAZ w s HCI7F A
Aol sAEA "o, dgeid, dddxt $9 Cl 5=
= 4 Y o vigle Hoo ol ClY ¥
ZF AL chlorine lossz} 3he} (Q2318t3), 1990).

YAEA F 7R £ w44 shidd EUAE
izl A8 7ol SO714 2 HNO; 2 HE-S-of 9
ghed A (13) ~(16) 3} o] YA7b HeAd b, HH
239 A= Caztd 72.1%, 18.8%, Mg**9] 3.7%,
68.3%7F 7z B AArd e, 18T K2 100%
7b gz 28 A Qg S sk
A B F71R Cad o) 38l AL o
=13 = (1988)e) o8 B3 ¥ d} g, Mamane
& EEY dy] £ ojdubgy ssAL AYES
E3ted 27 8}¢dcd (Mamane and Gottlieb, 1992;
Smith ef ai., 1973). SARIAY A$ TH 5|
A EHe} CaCOs, MgCOs7F SO:7k2 9 HNO, 9} ut
S3ted B4A1EE 2T gl AN 9 AAE Y
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Table 13. The concentrations of ionic components determined from ambient aerosol samples. (ug/m?)
(NH,).S0, CaS0, Na;SO,  MgSO, K:SO, NaCl MgCl. NaNO; Mg(NQO;); Ca(NO,):
MAX. 41.6 8.78 4,72 0.10 4.25 1.11 0.93 2.55 2.49 2.77
MIN., 4.44 1.72 0.13 0.01 0.44 0.03 0.0 0.07 0.25 0.54
AVG 23.3 4.72 1.20 0.05 1.55 0.28 0.45 0.65 1.21 1.49
© (66.8) (13.5) (3.4) (0.1) (4.4) (0.8) (1.3) (1.9 (3.5) (4.3)
S.D. 10,3 1.81 1.08 0.02 0.70 0.25 0.22 0.58 0.58 0.57
* 1 ounit=%
s N FURAE SA7EA 2 AAT A 28] Na.SO, (3. 4%),
° N 7w 7 NaNO; (1.9%) 59| EFUAYNZ 3% - HAsel e
G AL A & ¢ 49l
a0 F \ R
£ =R I S | \Mf | 4. & E
Y - 1 ,
g M=t " Mg EFEAGY A7l F e S 94 A3
K al of $44 42 chigaAbgel AR 9 $3)9)
A T S ol fstd EAstd. QA A,
Qa1 SO, NH,*, Ca*, Mg*' ¢t K*Z 3pareh
oot s b EEsdAl, dA 2: CI, NOy,
—o— (NH,}.S0, —»— CaSO, —+— NaSO, \ 2 . . .
—— Mg(NOy),  ----- Ca(NO;). Na', Mg 2A NaCle] sjgdatst Ratdl ojg 59
FGYAY BAE deiedd.
Fig. 5. The distribution of chemical species com- o] eutztAZE I FIHAEA AF, (FF&F
puted from the regression equation. 99.99% o|Aro2) EA el ou)r} gl= Z3|Hwy
’%‘ ﬁ% ‘}I'\‘ ‘il?d‘# °] x ———i‘l‘a (NH4 2504,
io}é‘i}%x}i ”d%‘ﬁ’%ﬁ}?ﬂ ;]O 2 “)F‘ 9\1‘:]' °]‘t‘€‘-‘ NazSOa, C3504, NH4N03, NaN03. Ca(Noa)z,
EFYAEE FdHo| SO, NO2& 432 2ol  NHCI9 NaCl dzg9] £4 7t54e] FEH 2,

FG5A o] o} 29 # (cloud condensation nucleii)
o=y A4d £E 9T, AFGIEAE UG 2=

ek, wigAb|ZEe] TR R wlste] BhabEA |7
Z 7b%e) 2L CaSOst FFdldrhe oWl ¥

(1989)°] R3¢l sk Ao}

ReAA 4L AR L ol 43t YAGEH
9 o2 FEE H 45t 47 4 (484
FFFEE AT F SR EA4HY
£2 AEd A3 ® 133 2od a¥ 5: 54

T F2 24 Fed A vE H3E By -’F"’
‘th} A ARG et} bt del 27} 66.8%
(23.34 ug/m*), 13.5% (4.72 pg/m*) & & ¥|F-% 3}
A& gk, AA A QA oF 88wz, HAMY
7.4%ql ¥ldted A veht Tpxe] Akl 23]
o4& FE3 USE ¢ 5 ok =¥ MeClst
YEFY 59 9z 7.4%o1 ) A9 YA 5 NaCl
o ZAYRE FAL Ax AL 0.8%Z g7+ 3

X

5

=

;f——;

(N O}f uE oX

.\'_aw.“‘-‘lx

g 7| R A2 A4 E

07] FelM AR UAbe} W - AL JAEe] s}
o 53} 2 ARE =&

A5 & oEA ] E AArtEy ot 3 Akst
2ol el FaleA 4%, IHAZFHAA
NH,* 9] 89%7} #Abgtr]oldd (66.8%, 23.3 pg/m*)
ez SAshe Aoz e dF-E f9dxz
2E )28 Aoz 4235 Natel 24.6%%) NaCl
Fe2 EAET 397t ANE, 43.2%71 BAPLe=
vepgen, Mgite] A¢x & WS B, 7] F
uhgof ojste] iyt W3R Aox FARAG

ERIAE SO,7kA 9 HNO, o wh-g-of 2)ste] 9Jz}
7} s WAEY Ca?t 9 72.1%, 18.8%, Mg’ 9|
3.7%, 68.3%7} Ztzt Ak RAgY, Ko <
100%7} Ak Fel2 EAfsle Ao vepde

ARz RY &4 Fyupd T FHY A3 ¥
T Az doldn abtgdel 47 66.8% (23.3
pg/m*), 13.5% (4.7 pg/m®), A #HAES 88%F
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