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Abstract

The concentrations of ten inorganic (sodium, chloride, sulfate, ammonia, etc.) and three organic (acetate, formate,
and M3A) ions associated with airborne particulate matter were measured from Cheju Island, Korea during the
three field intensive campaigns conducted in (1) Sept./Oct. 1997 (fall), (2) Dec. 1997 (winter), and (3) April 1998
(spring). The results of our measurements indicated that the concentration levels of most ionic species were
decreasing significantly across the three experimental periods. The patterns of concentration reduction were clear as
the sum of all cation and anion species changed dramatically across those periods such as 294> 144>65 and
193 >> 96 > 74 nequiv/m’, respectively. The changes were best explained in terms of the wind rose patterns of the
study site. Since our sampling spot is located on the western—-end point of Cheju Island, it is likely to reflect the
effects of diverse sources such as natural, marine processes during NW and local non-maritime ones during SE
winds. Hence, the periodical changes in ionic concentrations may be accounted for by the comparable changes in
wind direction.

To further investigate environmental characteristics of these ionic components, correlation analysis was
conducted not only between meteorological and ion data but between different ion-pairs. The results of these
analyses confirm that the concentration levels of ionic species are strongly affected by wind speed and temperature
and that there are certain patterns between ion species to which such effects apply. In light of the significance of the
wind rose patterns in the area, we further extended these analyses into four data groups that were divided on the
basis of wind direction. The results of these analyses showed that the strength of correlations between important
pairs (e.g.. between windspeed and most of major inorganic species including sodium and chloride} can be ranked
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on the order of wind direction such as: W>>N>E>>S. In addition, it also revealed that the effects of temperature

on the distribution of major ions are very diverse, depending on data grouping scheme for such analysis. The

results of this study thus suggest that environmental behavior of chemical components be analyzed in various

respects, rather than simple standard, especially if measurements are made in complex environmental condition

under which both natural and anthropogenic effects are competing each other.
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Table 1. A statistical summary of meteorological data measured during the three field measurement periods.

Parameter Windspeed Temperature RH Rainfall Irradiance
Unit m/sec °C G mm M¥/m?
(a) Ist exps. (Sept./Oct. 1997)
Mean+SD 7.0143.59 20.14+2.02 68.3+13.7 11.0+£13.0 98.4+83.6
Range (N) 0~ 14.3(280) 15.5~25.9(99) 40~ 98(99) 1 ~44(11) 0~306(153)
(b) 2nd exps. (Dec. 1997)
Mean = SD 7.51+£383 9.92+£3.08 60.0+25.2 122+138 52.2+58.2
Range (N) 1.5~16.3(256) 3.9~ 15.6(85) 4.9~94(85) 2~459) I ~259(101)
(¢) 3rd exps. (Apr. 1993)
Mean+SD 6.41 +£4.01 16.78 +2.84 87.21+9.62 25+17 121110
Range (N) ~ 18.3(200) 10.6~21.2(66) 59 ~ 96(66) 1~6(20) 0~ 346(108)
(d} All data combined
Mean +SD 7.0243.81 15.78 £5.15 70.5420.7 7.03£10.3 92.3+904
Range (N) 0~ 18.3(736) 3.9~25.9(250) 4.9~ 98(250) 1 ~45(40) 0~346(362)

*Each individual dataset used for the computation are measured basically at an hourly interval.
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(c) 2nd experiments — Dec. 1997

(b} 1st experiments — Sept./Oct. 1997

(d) 3rd experiments ~ Apr. 1998

Fig. 1. Frequency distribution of wind rose during three field measurements: (a) all data, (b) 1st experiments
(Sept./Oct. 1997), (c¢) 2nd exps. (Dec. 1997), and (d) 3rd exps. (Apr. 1998).
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Table 2. A statistical summary of the ionic concentration data measured from Cheju Island during three field
measurement campaigns (Sept. 97 ~Apr. 98).

A. The concentrations of ionic components

(Units in nequiv/m?)

Ist Exp.

2nd Exp.

3rd Exp.

All Exps.

Acetate 0.293+0.175* 0.2544:0.134 0.208+0.088 0.24140.125
0.135 ~0.603(6)* 0.038 ~ 0.458(12) 0.024~0.377(14) 0.024 ~0.603(32)
Formate 0.453+0.560 0.254+0.129 0.12940.170 0.260+0.313
0.014~1.936(10) 0.009 ~0.534(19) 0.019~0.637(14) 0.009 ~ 1.936(43)
MSA 0.103+0.069 0.103+0.090 0.317£0.222 0.15910.161
0.037~0.269(10) 0.012~0.332(18) 0.029~0.782(10) 0.012~0.782(38)
F 0.254+0.184 0.496+0.568 (.254£0.434 0.358 £0.459
0.047~0.518(9) 0.024 ~ 1.868(15) 0.014~ 1.497(11) 0.014~ 1.868(35)
Cl 115+ 145 5251400 29.1£369 58.93+82.48
8.1 ~430(10) 3.4 ~139007) 0.6~120(15) 0.602 ~430(42)
NO;~ 69.9+ 107 2244200 12.1£104 31.72+£58.11
12~361(10) 32 ~67020) 1.63 ~32.8(10) 1.63~361(40)
NSSS'® 97.3+478 75.61£46.7 23.54+24.7 64.0149.8
17.9~169(10) 269~ 175(20) 0.48~70.9(14) 0.48 ~ 175(44)
S§§ 11.2£10.6 7.0+£7.0 5.33£622 7.39+£7.85
1.4~ 34.4010) 0.6~25421) 0.15~17.6(15) 0.15 ~ 34.4(46)
Ca*' 4.09+3.80 2554256 1.89+£2.22 2.6609+2.843
0.5~ 12.5010) 0.2~92021) 0.05~6.4(15) 0.053 ~ 12,5(46)
Mg 2.01+£1.93 1.26£1.25 0.9441.10 1.319+1.404
0.2~6.2(10) 0.1 ~4.6021) 0.03~3.18(21 (1027~ 6.20(46)
Na* 93+£87.9 57.8+58.4 43.1£50.5 60.66 +64.76
11.4~285(10) 4.9~21021 1.2~ 146(15) 1.215~285(46)
NH." 85.3£53.2 3264292 26.14£289 42.1£42.0
13.8~ 186(10) 2.4~ 118020) 0.11~89(15) G- 186(45)
K* 9.9+10.3 34431 2.02£1.40 4.362+5.894
1.1~26(9) 0.3~ 1120) 0.39~5.42(13) 0.3 ~26(42)
B. The concentration ratios between jonic components of various combination
X(Cation) 193+91 95.9+73.8 7374743 110£88.7
74370010y 13.6 ~260021) 2,70~ 195(15) 2.7~370(46)
X(Anion) 2941190 144 295 65.1+64.9 151140
120~ 609(10) 39.1 ~ 37421 1.4~ 169(15) 1.41~609(46)
X(Cat.)/S(Ani.) 0.73+0.18 0.75+0.63 1.20:£0.31 0.89+0.51

Na*/Cl

Form /Acet.
(F+ A)Ani®
Org/Ani.®
NSSE/NOy-
NSSE/SSS

MSA/NSSS®

0.40 ~0.98(10)
1.091+£0.313
0.481 ~ 1.595(10)
1.425+1.756
0.064 ~ 4.909(6)

0.29+£0.36

0.01~1.23(10)
0.34%0.37

0.06~ 1.3(10)

284+ 1.77

0.42~5.41010)

2104252

1.29~ 74 3(10)

0.1340.09

0.03~0.36010)

0.35~2.57(21)
0.766 £0.293
0.557~1.845(17)
1.887+£2.830
0.617~10.8(12)
03214013
0.01 ~0.55(19)
041017
0.08~0.83(19)
5042095
0.99~12.120)
223+223
2.2~ 94.9020)
0.17£0.16
0.01 ~0.63(17)

*

0.66~ 1.95(15)

1.68 £0.30

1.21~2.17C1 D)
0.405+0.311
0.112--0.992(9)
3.94£5.72
0.03~17.2(14)
4.26 £5.66
0.27-17.2(14)
5.95+5.51
1.26 ~18.9(9)
6.6846.21
1.27 -22.6(14)
1.33£0.99
0.53~3.17(9

0.35~2.57(46)
1.12+£0.49
0.481~2.174(38)
1.29+£2.11
0.064 ~10.8(27)
1.4943.63
0.01~17.2(43)
1.65+3.65
0.06~17.2(43)
4.6913.58
0.42~18.9(39)
17.1£20.4
1.27 ~94.9(44)
045+0.71
0.01~3.17(36)

he upper one denotes mean = 18D, while the lower showing the range of concentration and the total number of data (N in parenthesis).

The numbers given in superscripts denote: (1) NSSS=non-sea-salt sulfate: (2) S$S8=sea-salt-sulfate: (3) F=formate and A=acetate: (4) Org.
includes MSA. Formate. and Acetate: (5) Calculated ratios ure given in percent values. Al values in (3) (5) are in pereent.

= o M fe]
B9 49

(S(Anionhell = =5t Felo]
| ~32F 7|7+ 7. 294> 144> 65

H5le) ol

nequivim*= w3 50%

o))
Fol He). o2l FxgtHe

A}
| A%

J. KAPRA Vol. 14, No.5(1998)



484 A7 - o

ok

°
<

Qo= fAsHAl vFERG T (193 > 96 > 74 nequiv/m?).

ol9} & pwsle] o] oy 2u)E =
78] 3= #r FAF Ao FHHE d7F
ol v o Hx FAo| sled oz M
elt}. Chen et al. (1997)¢] <F 313 (1992~ 1995) 7|7}k
Eot TARA oA A8 A}, NSS-S0,(142), Na
(74), NH. (72), K (10), Mg (25), Ca (25 nequiv/m?)2]
B 57 HrFHo Cat Mgi} 2 FAeE
£ AQshd, ol & AR 3yl HFF =X E 20

AAE B A3 175 "737‘]9]- H] = ZAs
wheba], 221 Bl 3xkEA 71 e WA e 7
2FAE ol AE A FA 2 Helvh E
&) Chen et al. (1997)0}] Ao} B7)7hefol| o] &2

by
=7k b dehdehm Ee AMLE deks)

ERCSE

to oA 9ol AR S T %7:3@-
B31o) BAE AP wm L6 AgHng
e FEE ok 2 Fo AdgEEe W
o b W ol Fol e A-RES] HAE
7 %7 dEehe e 5 4 eI 1. 0B
s7] Sls) 23 26l LE AR BAGERS
Y Aoz TR ¥ A7) FRTon AP

TR
FARES 4 AR AAYFSEE normaliza-
tiongt A7} A A]Fe] gl 11]—.—5«] A& el
A g 1A AL A, MFe] B o "Fo o]
&9 %E(%ﬂ%%ifl Q2 A7t
FElaHA 2ok AE o 4 ok (el# g Rl
ek Al opgel FoH pmAlEe] RA{elA]
2op AAE] A AT 28] 3 237 Zhel] wlsl 3
24717kell o] 252 Tt sl Fase WY
w=E Feae] #A R o Hx dye] shed A
et olw] F1AbzZel WgE Adrel M, 32153 7] 7k
HEAMFRTE o

o 2 2% ¢ {r e
N
=
M
N
12
fo

' ol
N
s
E
2
i,

r
X
(o
f
AL
rlo

FFA 7| LA A 14 A5z

d9lE R ofol 2 Fol
o] Fx el ‘H F W EE, (1) BE FAA RS
g EA o] sheElA °]‘T‘°‘]Z]—L wE2) 28

Zhll By AAel7t fAE A 19 3E Hs
geh(z(C atlon)/Z(Amon)— 1. o2br o=t
Ay o)A R-2] A dFo H=ga]A
o7 4" 4

»o) 20257 4714

o4
-

2 i

AR e £

(quality assuarance: QA) x}12] 7]&
Seh. B AT E By
oo W EAHo] olFeigdonz o Aw o
s e Az gHE AoE G4 4 U
AA = 1,22 71746 22 0732 0752 1.0¢0) 4
25% A= REY AFghe BT o9 2ol 1u
o e £77b b delez Cat Mgsh e o
o] 2% UL 71oldle] A3 AIE o]

e Aol alg oz weleh ad 3x7)2
ol 2w ghel o 20% |4 F7H8 1202 uie}
weh 1,23 712k wle) 33k 71207} Eeis o
2 AL He AP gyl 414 4¥E 2
2] wlZkolr} NSS-SO.8F ¥ v] Sola A
2 ¢lel Bele] ¥} B3] NSS-SO./SS-S0; 7+2)
v)7h Aol 208 ofZk 2Fse & veRliesl
327Nl 6.7 Amz "ozl e apge} whekol
o) &ARRE Aol AvkabF 2 oI wAw

b HAAA F3 9leh

—

3.2 0|2 &9 YeFI| SEEE

24A3F wHele Aol ojfeixl 13} A 2
2], 2,33 FA7)7 el £33 (0900~ 1700)9}
ofzHe) (1700~ 0800) M2 19 2314 A&e] BX &
Arstaleng, dF7] FEwste] Folsiete] 7}
ek & 3ol F FA7IZE] ZE ARE F-
otz gt F 2okt AAe AlAstue 1

Wl $ HEES 0 24T AL 101
T QIeh 24 FANE RE FI1Y AEe] F7b
del ¥ HEE HelA 33 FHeME 2w



ol E2 BA EH 74k AA 485

2.0
1.5 ~—O— Windsp.
—{~ Temp.
—{—- RH
—7— Rainfall
1.0 < rrad,
.5 T
3+ O
-(% ‘ —O— Acetate
o —— Formate
2 2 —&-- MSA
N - F-
© <~ Cl-
£ ~0- NO3-
S 17 —O— NSSS
—3— SSS
0 T T T
3
27 —0— Ca2+
—{— Mg2+
—4&-- Na+
4 - -7~ NH4+
0 T T T

=N
n

Wind Direction

Fig. 2. Comparison of individual parameter as a function of wind direction. All data were initially sorted out on
the basis of wind direction and the mean for each of the four directions were normalized by the
grand mean of all data. The numbers for wind direction 1 through 4 represent north, east, south, and

west, respectively.
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Table 3. A comparison of the diurnal variabilities in the

collected during the 2nd and 3rd experiments.

concentrations of ionic species using the data

(Units in nequiv/m?.)

Daytime (All) Nitetime (All) Daytime (2nd) Nitetime (2nd) Daytime (3rd) Nitetime (3rd)
Acetate  0.299+0.098 0.170+0.087 0.362+0.073 0.146+0.078 0.236+0.078 0.188 +0.094
0.156~0.458(12)  0.024~0.323(14) 0.297~0.458(6) 0.038~0.271(6) 0.156~0.377(6)  0.024 ~0.323(8)
Formate 0.262+0.193 0.150+0.103 0.300+0.158 0.214+0.086 0.206+0.241 0.070+0.056
0.009~0.637(15)  0.019~0.410(18) 0.009~0.534(9) 0.095~0.410(10) 0.035~0.637(6) 0.019~0.168(8)
MSA 0.207+0.150 0.156+0.205 0.141+0.109 0.065 +0.044 0.353+0.127 0.2924+0.277
0.013~0.532(13)  0.012~0.782(15) 0.013~0.332(9) 0.012~0.158(9) 0.25~0.532(4) 0.029~0.782(6)
F- 0.634+0.644 0.153+0.156 0.782+0.655 0.170+0.137 0.398+0.617 0.135+0.186
0.024 ~1.868(13) 0.014~0.509(13) 0.024~1.868(8) 0.033~0.401(7) 0.055~1.497(5) 0.014~0.509(6)
Cl 54.5+48.1 30.1£27.3 76.9+£42.1 30.9+23.0 28.9+43.6 29.1433.2
1.34~139(15) 0.60~77.8(17) 29.8~ 139%(8) 34~63.99) 1.34 ~120(7) 0.602 ~77.8(8)
NO;~ 24,75 +22.77 13.25+8.49 33.53+22.96 11.35+6.48 7.20£7.12 17.04+11.43
2.20~67.00(15) 1.63~32.8(15) 5.90~67.00(10) 3.2~19.8(10) 2.20~19.3(5) 1.63~32.8(5)
NSSS 70.4+55.3 39.7+32.3 99.5+47.7 51.7£326 2194240 24.8+26.8
0.8~ 175(16) 0.48~134(18) 52.3~175(10) 26.9~ 134(10) 0.80~ 66.8(6) 0.48 ~70.9(8)
SSS 7.26+6.68 5.48+6.78 8.724+6.58 5.49+7.46 5.18+6.73 6.14+6.15
0.35~24.4(17) 0.15~25.4(19) 2.6~24.4(10) 0.6~254(11) 0.35~17.6(7) 0.15~16.3(9)
Ca?* 2.594+2.39 1.9942.46 3.15+£2.38 2.00+2.71 1.794+2.35 1.98+2.25
0.13~8.8(17) 0.053~9.2(19) 0.9~8.8(10) 0.2~-9.2(10 0.128~6.40(7) 0.05~5.93(8)
Mg+ 1.26+1.17 1.01+1.23 1.52+1.15 1.03+£1.35 0.889+1.168 098+1.12
0.064 ~4.40(17) 0.027 ~4.60(19) 0.5~4.40(10) 0.1 ~4.60(11) 0.064 ~ 3.176(7) 0.03 ~2.95(8)
Na® 59.0+54.5 45.2+56.1 71.7£54.1 4524619 40.8 +£54.1 451513
2.92~202(17) i.22~210(19) 21.2~202(10) 4.9~210(11) 2.9~ 146(7) 1.22~135(8)
NH.' 36.7133.1 2334232 46.9+35.1 18.22+10.60 22.0+£254 29.64 +32.88
0.83~118(17) 0.11~89(18) 10.5~118(10) 2.40~33.8(10) 0.834~74(7) 0.11~89(8)
K- 3.89+£3.08 1.88+1.68 4.99+3.42 1.83+1.72 207098 1.97+1.76
0.5~ 11(16) 0.3~6.4(17) 0.5~ 11(10) 0.3~6.4(10) 0.645 ~ 3.40(6) 0.39~5.42(7)
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Table 4. Fesults of correlation
meteorological data.

of A 2] BMAAF 7] AkdRbee) A 487

analysis to investigate the relationships between chemical components and

NO,

SS§A

Acctate Formate MSA F Cl NSSSA Ca*> Mg** Na~ NH,* K~
(a) All data
Wspeed 0.0898 -0.1085 -0.1206 0.0411 0.4241*% 0.0626 -0.0303 0.5007* 0.4973% 0.4977* 0.4973* -0.1335 0.3058*
Temp. 0.2492  0.2541  0.0395 -0.0803 02215 0.2791 0.I1815 0.0204 0.0241 0.0179 0.0248 04525 03122
RH -0 0317 -0.0417  0.2473 -0.1428  0.0276 -0.0063 -0.2036 0.0946 0.0956 0.0963 0.0954 -0.0262 -0.0218
IR -0.2598  0.1215 -0.1671 -0.1267 0.2914 02756 03097 0.2583 0.2582 0.2556 0.258 0.2104 0.2831
(b) Ist exps.
Wspeed -0.1166 -0.2717 -0.3815%-0.5593* 0.647% 0.2162 -0.1405 0.5937* (.5921% 0.5946* 0.5937* -0.1964 0.5467*
Temp.  0.051 0.0763  0.1816 -0.0859 -0.0037 -0.1042 0.0577 -0.0421 ~0.0423 -0.0428 -0.0425 0.0773 0.0068
RH -0.391 -0.0032  0.0439 -0.3654 0.131 -0.085 -0.0814 03211 03208 0.3204 03207 -0.1913 -0.1266
IR ~0.2742  -0.0909 -0.1389 -0.1354 0.2344 0.1483  0.2759 02297 0.2295 0.2295 0.2296 -0.0288 0.2742
(¢) 2nd exps.
Wspeed 0.2106  0.0264 -0.0845 0.2806 0.1392 -0.0604 0.0239 0.5409% 0.5455% 0.539* (.543*% -0.0497 0.1783
Temp. ~0.1186  0.2145  0.693* 0.2353 03471 0.2413  0.0504 -0.4337 -0.4423 -0.4272 -0.4389 0.2789 -0.0212
RH 0.1174  0.2442 -0.0081 0.0031 0.1948 0.166 -0.0145 0.1285 0.1280  0.1361 0.1262  0.1372 0.1893
IR 0.6116*% 0.2779 -0.2402 -0.3206 0.4925 0.363 -0.1115 -0.3198 -0.3218 -0.327 -0.3211  0.1873 -0.0414
(d) 3rd exps.
Wspeed 00029  0.1904 -0.0376 0.0876 0.4239%-0.4471 -0.0871 0.4902% 0.4682% 0.4682* 0.4682*-0.1219 0.5779*
Temp. 06879% 0.2954 -0.668* -0.1473 -0.8229%-0.2166 -0.3331 -0.8538*-0.8102%-0.8102*-0.8102% -0.4983 -(1.7482*
RH 0 066 0.0566 -0.3225 0.0356 -0.2782 -0.2424 0.1206 -0.1989 -0.2333 -0.2333 -0.2333 -0.0154 0.0461
IR -0 0127 0.0849 03563 0.2262 -0.012 0.75%  -0.1365 7().()727 '7()‘()727 -0.0728 -0.0727 -0.2461 0.0735
Note: » and ** denote non -sca-salt and sea - salt sulfate, respectively. * represents the case w hosL probability of no correlation is [0 or less.
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Table 5. Results of correlation analysis between chemical components and meteorological data after all

datasets are divided into four directions.

Acetate Formate MSA F Cl- NO;

NSSSA  SSSa Car Mg?* Na* NH4

K"

(A) North
Windspeed -0.1209 -0.0267 -0.0897 0.0154 0.2974 0.0492 -0.1849 0.442* 0.4406* 0.4450* 0.4393* -(.2503
0.4304 -0.121 -0.1251 -0.1319 -0.1218 0.6344* 0.3707

Temperature 0.3201  0.2192 0.0268 -0.1922 0.1328 0.3373
RH -0.4562 -0.184 0.432 -0.2667 0.2553 -0.0917

-0.1086  0.2581 0.2589 0.2525 0.2569 -0.0387

Irradiance -0.0608 -0.1457 0.2304 0.0808 -0.1412 -0.0229 -0.0114 -0.1396 -0.1237 -0.1339 -0.1229 0.0654

(B) East
-0.3538 0.1708 0.187  0.1735 0.1813 -0.4736* 0.1502

Windspeed -0.0123  0.0309 -0.2879 0.0004 0.255 -0.2488

Temperature 0.099  0.2856 0.0972 0.1034 0.4438 0.406

0.088 05679 0.5687 0.5703 0.5683 0.5649

RH -0.2396 -0.0497 0.4491 -0.0353 0.5415 0.1644 -0.0276 0.5037 0.4978 0.5075 0.5033 0.3513
Irradiance  0.2028 0.1036 0.0285 -0.1066 0.2599 0.1851 -0.0613 0.3346 0.3689 0.3675 0.3673 0.0971
(C) South

0.0153

0.0008
-0.1915

-0.0275
0.3423
0.046

Windspeed  0.4834* -0.1163 -0.2196 0.266 -0.0741 -0.4489 -0.3458 -0.1077 -0.1148 -0.1131 -0.1132 -0.4256* 0.0473
Temperature 0.363  0.4197 -0.0256 0.0954 -0.045  0.5359 0.2718 0.0868 0.0937 0.0558 0.0904 0.4096

RH 0.4079 -0.1746 -0.3195 -0.3216 -0.005 -0.1255

-0.3582 0.0418 0.0409 0.0348 0.0411 -0.2875

Irradiance 0.2718 0.2378 0.0422 -0.0579 -0.138 -0.0469 -0.1885 -0.1282 -0.0873 -0.0962 -0.0837 -0.0958

(D) West

Windspeed -0.0452 -0.1344 -0.2598 -0.2947 (.8835* -0.237

0.0512 0.7443* 0.7370* 0.7358* 0.7370* 0.2032

Temperature -0.5026  0.0565 0.2925 -0.1864 0.8003 0.2821 -0.1348 0.5256 0.5656 0.5637 0.5635 0.5502
RH -0.4718 0.1779 0.4548 -0.2923 0.4635 0.1307 -0.074 0.5485 0.5825 0.6132 05825 0.3331
Irradiance 0.3414 -0.4119 0.4934 0.0358 -0.1007 -0.1113 -0.027 -0.2352 -0.1749 -0.1742 -0.1752 -0.1439

0.1096
0.1877
-0.163

0.7399%*

0.7335

043
-0.0752

Note: » and * denote non-sea-salt and sea—salt sulfate, respectively. * represents the case whose probability of no correlation is 10 © or less.
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Table 6. Results of correlation analysis between different chemical components measured during three field
measurements made at Cheju Island, Korea (Sept. 1997 ~Apr. 1998).

Acetate Formate MSA F- NO; NSSSs» Na* NH,~" K*
Acetate (441) 0.4027*  -0.3073*  0.2936*  -0.148 0.3602* 0.5713%  -0.1934  0.5827* 0.3473*
Formate (640) -0.125 0.2724*  -0.0143  0.0346 0.2879* 0.0335 0.3071* 0.2902*
MSA (579) 0.1638 -0.1088 -0.0004  -0.1101 -0.0015 0.182 ~0.155
F (515) -0.1724  0.0004 0.1233 ~-0.106 0.0578  -0.1286
Cl (623) 0.0074 0.1394 0.9056*  0.029 0.7695*
NOs” (595) 0.4558% 0.0455 0.541 0.1447
NSSSA (648) 0.184 0.8322% 0.5136*
Na* (672) 0.0291 0.5943*
NH.,* (656) 0.4694%*
K 617

A denotes non-sea-salt sulfate. # denotes number of observation after adjustment. * represents the case whose probability of no correlation is 10 ©

or less.
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