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A Study on Chemical Features of Fog
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Abstract

Acidic fog is catastrophic to aviation and potentially affect materials, vegetation, crops and public health.
This paper was carried out to investigate the chemical features of fog sample at Mt. Sobaek (mean sea level :
1,340 m) from June to August 1995. Each sample was analyzed for pH, electrical conductivity and major ions
(anion : CI', NOs", SO/, cation : Na*, NH,*, K*, Mg?*, Ca?*) by ion chromatography. The quality analysis of
fog sample data was performed based on ion balance and electrical conductivity method. The wind directions
are subdivided into the northerly and southerly wind according to the wind direction data at the Sobaek-san
meteorological observation station. Statistical analyses were performed on the complete set of results in order to
obtain a description of fog sample. All the statistical treatment was carried out using the SPSS/PC+ software
package.

The major ion concentration of fog samples was higher for the northwesterly wind cases than southeasterly
wind cases. The pH of fog sample varied between 2.95 and 6.08. The average pH and electrical conductivity of
total sample (n=210) were 4.39 and 113.0 uS/cm, respectively. It may be noted that in nearly all the cases, the
dominant major ions in the fog sample at Mt. Sobaek were SO.2", NO.", H* and NH.*.
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o, ofF WE Hdsld odF wAE o] (He] 10
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B e AWA FYHTUW HAF A ]
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Fig. 1. Scattergram of total cation versus total anion.

A oAt bl ahabA EAde] At 97 401

800

y = 0.86x -1.03

s00] P2 =0.81 o

o
o
4

200

E.C-Meas.(uS/cm)
w
o
o

1001

0 100 200 300 400 500 600
E.C-Cal.(uS/cm)

Fig. 2. Scattergram of calculated conductivity versus
measured.
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Fig. 3. The frequency distribution of pH range.
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o, ® 1ME B $ 9lFo] Caseol ate} HE7ke] o
3 Fo o 2 A2 Yehyrd, 53], Lol gy
& A NOs 9 SO&, ol eelM 744 52 %
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% 8o #3H Case 134 5Hc} 22k 3.0uf, 1.94)
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93, NH,'E 469.1peq/I2 € Caseo] H)sted 713
¥ % B

22X Case 3% & 7o i3] 2E o] & FE3to|
A veht drelAd 323 A4 ARZ FAE 24
s 2 Az, AR ¥V Sk Fike] WEel A
ol FAME Ade) uighe) 24402 Hold, w2
Case 39 Z$ollx AA= %" W729EA =+
A Adel At gle I FHuo AWE F

J. KAPRA Vol 12, No. 4 (1996)



404 HAA - o]uled - o)Al

c A

HE 34, 34 9 53R A el LdEAY
AL A e AR As®. 28y oE Case
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o} (o]A7] &, 1995). uwhetA FA FEo| oif £of
ste A £ (1994)0] 59 AAHe4M H43 FY
gyl oz Alle] fZoA Bejot uidE 5% A
Qo) vl QEZoA Bole: vigE ¢F A4 vl
goz FEsgh

E 25 A FEo @2 YF FEPoE T Ad
o] AR §= 1267009, % ALY ANE £+ 844
ojt}, RE o] 252 H¥F ALY vl & HHd &
5 Ade uge] & 9 Fx3tel ¥ JEidted, &

3, Aol F 2949 SO & FF AdEY £F A
o] of 2280 72 S HAvd, ol EAZ Yo
2 BN (AN B 2 3 ANE 33, vla 3,
ARG Tl wel YA A whael, FFF 4
L2 “ﬂ Tl $AAEAM el Aer} 2 S’-"é%
o] A9 Jem® o] U Fgo| A 4
Boleh olejdt AR §d AFA FAE 5’—313& 70‘
Y 54 (BAE, 1994)3 §YT AFE Bolo,
WAL A2 A, FESAAMY A st Eel
& 97 illﬂ‘ 1995)ellM % 2 o 314 3
F S0 AN ¥ AdH 5F A
°l 77} 55.9%, 68.1%e°|¢}, H'& Adg ol F

o b —l)'

Zole

NH'& 22t 76.4%, 79.4%2 329 4018 2
Ashetet.
3.5 B2 24

7t o] 2210 AAaA o 8 ¥ (factor analysis)
2 24 22339 SPSS/PC+E o] &5le] F3}sic},
B 32 7 o] &7k AgAAE B Aoz AdAAsL
0.9 o4 ¥ AAYE B AL ANH=TH

Table 1. The equivalent concentration of fog sample at Mt. Sobaek.

Mean Anion(ueq/1)
Case Month Sample E.C N ‘-
Date Number pH (4S/cm) Cl NO, SO
Case 1 6/18~19 55 5.15 42.7 11.9 56.5 138.3
Case 2 7/ 8~ 9 33 4.78 98.5 54.1 171.6 265.8
Case 3 7/ 9~10 19 3.65 240.5 49.9 144.6 664.5
Case 4 7/19~20 48 3.84 91.7 18.0 66.4 203.7
Case 5 8/ 9~10 33 3.81 170.7 37.3 90.1 308.4
c Cation(ueq/1) Sum Ratio
ase y ‘ -
Na* NH,* K+ Mg** Ca’ H* Anion Cation C/A
Case 1 13.9 151.5 4.8 8.7 26,9 13.5 206, 7 219.4 1.06
Case 2 54.5 389.7 17.3 8.3 7.9 26.7 491.5 504.3 1.03
Case 3 39.8 469.1 15.8 16.7 16.7 246.1 858.9 804.2 0.94
Case 4 15.9 138.0 6.9 1.1 3.8 219.9 288.0 385.7 1.34
Case 5 24.3 202.0 11.6 9.1 17.8 184.2 435.8 449.0 1.03
Table 2. The equivalent concentration of major ions according to the wind case.
Items | 5ample Anion(ueq/1) Cation(ueq/1)
Case Number | ¢ No, S0  Nat  NHS Kt Mg Cat Hf
North-Westerly 84 | 419 1205 345.9 40.1 3145 111 12.0  18.5 156.6
Wind Case
South-Easterly 126 26.3  98.2 158.1 27.3  195.1 9.0 6.4 17.5  48.3
Wind Case

RN | B A A12H A4 %
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Table 3. Correlation matrix between each chemical components of fog sample.

E.C cr NOs” SO& Na* NH.* K~ Mg** Ca’*
cr .52
NOs .67 .57
SO .93 .47 .73
Na* .32 W91 .41 .25
NH/* .70 .54 .94 .80 .36
K* .68 .54 .78 .72 .40 77
Mg** .27 .70 .32 .16 .81 .21 .26
Ca’ .20 .36 .30 .15 .43 .22 .24 .70
H* .63 .03 .16 .56 ~.09 .15 .21 —.09 -. 11

Table 4. Results of varimax factor matrix for fog

data.

Factor 1 Factor 2 Factor 3
NH,* 95345
NO;” .91486
K+ .84359
SO& .76452 .57588
Mg™* ,95672
Na* . 88607
clr , 76930
Ca’ .71551
H* .95947
E.C .64913 .68334
E.V, 5.26 2.26 1.00
P.V. 52.6 22,6 10.0
C.P. 52.6 75.3 85.3

Remark .= Eigenvalue

E.V
P.V.= Percentage of variance
C.P. = Cumulative percentage

SO#, CI's} Nat 23)3 NO, ¢+ NH,*eo|n, AbabA
o] 0.8 o]AFZ SO ¢ NH.*, Na*s} Mg 2 Jeht
Wl pHe 7 ol 4YE AL v Hoe
velsict,

¥ 4= 9dEM AFAE R Aoz 347
(eigenvalue) 22 3709] 4918 Mdsigony, Adsg
3719 2e 3 249 85.3%F A9 5 s A
A 892 NH,*, NO;, SO 28] K*7} $+ &
Ake) 52.6%2 ¥ AWHE sHAH, AR FI
(factor loading)® 0.76~0.95% oj7| ol wj&¥ 1
2 298] 7 v B yAHe 4 EF
# #AE = 9dor, FHA 89E Mg, Na”,
ClF 28T Ca*2 2 28] 22.6%2] A4ge 717
o, <z REgE 0.72~0.96°3M AEY 23|
A9 gAY J3E HA] o= AYolmE (HAA

5, 1994) Eo 719E T2 glE YA ooz
#AAA}, =5 A 89 H*9 AZJAEE2A
3 249 10.0% d9EE Y, nHgE 474
0.96, 0.682 uJelwich uwhetd g% A Lwat
ol A WAt b le EoFANY o Al 5
of 9§ HAHES ¢Jgo] 74 E 89lez ztegin

£ 4 s
4, 4 2

Aol A B4 (6, 7, 8¥)o] AF A2 gl
b AEE A B An odw g2 ARE 9
4 9ldet. ob7le) g pHE 4.392 19919%H
19939717 %9 AN #23 74Rox ¢ pH 1
Axst W S Rgen, yF AVAExE
113.04S/cm2 & 79 o ¥ & fAsgd &
7, pH -2 7h7h FAAXSE 2dslr) A7 Al
7 EXL o A7k B o] FAMAE Hgen,
Wt 4% A - ¥l s AANE deid. o8
olf= 942 AAe: AXE HA (surface inversion)
of 71 Asled eAEA] A9 FASA 93, 4%
FA = o AR A77AE= ¢S (mixing layer) o]
wol FAte] & o] Foix|2) o] WHog i =
&, A 2, T4 ¥4, M 24 59 892
2 & Casedd @& Fx Feole wj§- =2A Jepdol
a3 FH FEel g ¥= BAL G ¥ A9 vigt
o] £ frc BF Ade upgle] & ) TE o]&9
7 A Jehdeh 23T o) 27ke] A#AE Cla
Na* Z2|32 NO; ¢ NH,*7} 0.9 oJ4e ¥ A4
< 2ol shde] pHet 2b o] 279 AMRA L wl$ Y2
U Bgen, gd¥A A Addd 3749 892 F
HAke] 85,3%5 A9 e 4 Sl
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Z3A 5 (1992) 71AFAbA, AL, 341-342pp.
A7, A9, U3, 9AE (1995) BYAL HE
9l A B wlxE BN, 374 EA],
31(1), 35-44,
e, Aok, w3, A (1994a) 2 xo of
Aol A A (Al2R) 19939, #1183
7RG FHES] 84, 49-53,
PG, An, oAdr], HAA, o4
(1994b) A4k obrie] Aty =4, A 193]
Z7 W71 gE 3] 2x)3), 84-85.
A, 333, P4E (1994) AFEdM9 WE o
= B, 39|, 10(2), 98-
104,
olmled, olAl7l, HAA (1992) 4 A He A wiAo)
71 #AZe] HYAe B 24 A4S F
=53, 9(1), 127-134,
old7], HAA, ejuled, HukA (1995) WAL o713
Yz BA] b EAo) i A (1) -
o] Aol RE9} AFE FALR, TIY
714 e8]], 11(2), 179-184,
FAH, WA, olAdr], HAN, o)uled
(1993) gHt= F¥Ajukel 19923 shA] AbAdw
23X, 7IAdF=E4, 10(1), 75-92,
a5 2 (1992) $8 ALY o, off, Me
9] A= 7, IR, 8(1),
45-51,

A, ojuled, ojAl7] (1994) TA AQ 7}4e] 3
¥ BA # AF, IR,
10(1), 64-72,

AN, olmled, o]Ad7] (1995) AWAE FAHoR ¥

A, FEHAAY FAeF o84 ol ¥
#gk A7, AFTIAE A, 31(4), 353-361.

A, 74, olwied (1995) F-oF A9 €lE9] 234
B4, 7MddTeEd, 12(1), 23-29.

A HEE (1989) Bettm 5 81F wlwd, 37pp.

HE MERAR (1989) MtETE, AELHE, 25, 725-
731.

Aherns and C. Dnald (1985) Meteorology today,
2nd ed., Westing Publishing Co., 523pp.

Bruce D.J., D.K. Kenneth, A.L. Peter, and
C.W. Kathleen (1987) Two new ground-
level cloud water sampler designs which
reduce rain contamination, Atmos. Envi-
ron., 21(4), 893-900.

Collett J.J., B. Oberholzer, and J. Staehelin (1993)
Cloud chemistry at Mt Rigi, Switzerland :

BB 12 M4 2

Dependence on drop size and relationship
to precipitation chemistry, Atmos. Envi-
ron,, 27A(1), 33-42,

Eliezer G., Z. Levin, and P. Doron (1993) Deter-
mining the acidity and chemical com-
position of fog, haze and cloud droplets
in Israel, Atmos. Environ., 27A(12), 1821
-1832,

Falconer R.E. and P.D. Falconer (1990) Deter-
mination of cloud water acidity at a
mountain observatory in the Adirondack
Mountain of New York State, J. Geo-
phys. Res., 85, 7465-7470.

Jeffrey R.F., A.P. Robert, and B.H. Carter
(1990) The chemistry of dews and frosts
in Indianapolis, Indiana, Atmos. Envi-
ron., 24A(8), 2229-2236,

Kapoor R.K., 5. Tiwari, K. Ali, and G. Singh
(1993) Chemical analysis of fogwater at
Delhi, North India, Atmos. Environ,,
27A(15), 2453-2455,

Khemani L.T., G.A. Momin, S.N. Medha, R.
Prakasa, P.D. Safai, and A.S.R. Murty
(1987) Influence of alkaline particulates
on pH of cloud rain water in India,
Atmos. Environ., 21(5), 1137-1145.

Isaac G.A. and P.H. Daum (1987) A winter
study air, cloud and precipitation chemi-
stry in Ontario, Canada, Atmos. Envi-
ron., 21(7), 1587-1600.

Makoto T. T. Akira, and M. Ichikuni (1990)
Origin of soluble chemical species in
bulk precipitation collected in Tokyo,

Japan : Statistical evaluation of source
materials, Atmos. Environ., 24A{(6),
1493-1500.

Patricia S.M., A.W. Kimberly, H.C. Bradley,
V.A. Thomas, and R.A. Pribush (1986)
Fog chemistry at urban midwestern site,
JAPCA, 36(12), 1359-1361.

WMO GAW (1994) Chemical analysis of preci-
pitation for GAW : Laboratory anaytical
methods and sample collection standard,
85, 25-26,

Zheng L. and V.P. Aneja (1992) Regional analysis
of cloud chemistry at high elevations
in the eastern united states, Atmos,
Environ., 26A(11), 2001-2017.



