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Abstract

A study on acidity in fog, dew and frost was carried out. Samples were taken during
May 1990-February 1991 at two sites in Chongwon, Choongbook. The acidity of dew and
of fog collected from grass at site A was 4.89 and 5.46, respectively. Dew in summer
showed very strong acidity. The volume of dew deposited on grass was much less than the
volume of rain, but dew is effective to diffuse acid precursors and acid materials. Dew
and fog can remove more effectively atmospheric acid materials deoposited on grass by di-
urnal turbulent motion rather than direct absorption of acid precursors and materials in
the atmosphere. In a polluted area, acidic dew and fog can be occurred by the direct
absorption and oxidation of acidic precursors in the atmosphere as well as the role of wet
removal on grass surface. Acidity of frost collected on teflon surface showed little differ-
ence to acidity of dew and fog on teflon surface. This suggests a similar absorption mech-
anism of atmospheric precursors and materials into dew and frost in the atmosphere.

Strong acidity in dew, fog and frost appeared to occur from local pollution sources of
several ten kilometres. In particular, strong acidity in dew, fog, and frost together with
acid rain can accelerate a damage in ecosystems.

Discussion i1s made on scientific analyses and seasonal variations of acidity of fog, dew
and frost. A mechanism on acidification of fog, dew and frost is also discussed.
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Fig. 1. Schematic representation of “acidification” by dew, fog and frost.
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Fig. 2. Location of sampling sites in Chongwon,
Choongbook. Site A, B : Sampling sites at the
rural area. A wind rose indicates {requencies
of annual mean wind.
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Table 1. Acidity of dew, fog, and frost sampled on grass and teflon at site A in Chongwon, Choongbook

(1990. 5-1991. 2).

Months 5 6 7 8 9 10 11 12 1 2
Grass dew (MEAN =4.89, MSD=0.87)
Mean 6.17 5.84 3.65 4.31 4,61 4.80 - — - —
Std. dev. 0.27 1.58 1.21 1.04 0.93 0.68 - — - —
Range 5.74-6.48 3.17-7.31 2.75-6.16 2.85-6.53 3.67-6.71 3.87-5.53 — — - -
Cases 4 4 10 14 12 4 - — - —
Grass fog (MEAN=5.46, MSD=0.99)
Mean 6.22 6.52 5.55 343 5.59 5.44 — - - -
Std. dev. 0.54 0.44 1.28 0.31 1.39 0.64 — - — -
Range 5.54-6.84 5.97-7.19 4.27-6.82 3.10-4.10 3.62-6.62 4.55-6.41 — — — -
Cases 4 7 2 9 3 8 - - — -
Telflon dew (MEAN=6.71, MSD=0.07)
Mean — - - 6.69 6.67 6.67 6.82 - — -
Std. dev. - - - 0.37 0.27 0.09 0.26 - — -
Range - — - 6.08-7.09 6.23-7.10 6.58-6.76 6.46-7.04 — — —
Cases 4 6 2 3 - - -
Telflon fog (MEAN=6.62, MSD=0.23)
Mean - — - 6.23 6.70 6.72 6.82 - — -
Std. dev. - - - 0.66 0.15 0.17 0.13 - — —
Range - - - 5.30-6.76 6.55-6.85 6.40-6.94 6.61-7.03 - - -
Cases - - -~ 3 2 : 7 6 — — —
Telflon frost (MEAN=6.69, MSD=0.09)
Mean — - - - - - - 6.81 6.63 6.63
Std. dev. — - - - — - — 0.28 0.11 0.08
Range - — - - - - — 6.44-7.19 6.50-6.81 6.52-6.73
Cases — — - - — — —- 7 6 5
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Fig. 4. Monthly average acidity of dew on grass
and fog at site A, Chongwon, Choongbook
(1990. 5-1990. 11).
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Table 2. Acidity of dew, fog, and frost sampled on grass and teflon at site B in Chongwon, Choongbook

(1990. 5-1991. 2).

Months 5 6 7 8 9 10 11 12 1 2
Grass dew (MEAN=6.67, MSD=0.08)
Mean - - 6.64 6.62 6.76 6.72 6.60 — - —
Std. dev. - - 0.17 0.56 0.22 0.17 0.30 — - —
Range - — 6.44-6.95 5.63-7.72 6.38-7.18 6.47-6.96 6.28-7.00 — - —
Cases - — 5 15 10 6 3 — - -
Grass fog (MEAN=6.56, MSD=0.20)
Mean — 6.38 6.67 6.22 6.73 6.71 6.67 - - —
Std. dev. - 0.51 1] 0.56 0.08 0.21 0.25 — — -
Range — 5.30-7.03 6.67-6.67 5.31-6.81 6.63-6.81 6.26-6.95 6.22-6.95 - - -
Cases - 8 1 10 3 11 7 - — —
Telflon dew (MEAN =6.99, MSD=0.06)
Mean - — - - 6.94 6.94 7.01 — — -
Std. dev. - - - — 0.26 0.14 0.13 — - —
Range - - - — 6.45-7.19 6.78-7.17 6.95-7.20 - — —
Cases - - - - 6 6 2 — - —
Telflon fog (MEAN =6.89, MSD=0.05)
Mean - - — - 6.86 6.96 6.84 - - -
Std. dev. — - - — 0.17 0.21 0.13 — - -
Range - - - - 6.62-6.99 6.56-7.24 6.66-7.00 - - —
Cases — — — — 3 12 8 — - -
Telflon frost (MEAN=7.53, MSD=0.15)
Mean - - - - — - = 7.38 7.49 7.74
Std. dev. - - — - — — - 0.20 0.15 0.16
Range - - - — - - - 7.12-7.81 7.10-7.81 7.44-7.89
Cases - - - — — — - 8 11 5
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Fig. 5. Monthly average acidity of dew on grass
and fog at site B, Chongwon, Choongbook
(1990. 6-1990. 11).

5-114%9t £9x3} teflonoll A FA3E+ °]
t} pH gtel b A bt

&, WHE

3.4. 0=, 9N, Malel A& Him

28 62 A7l F #5444 A9 B ¥
3} teflonol A A& ol&, <, AMeje] A=gts
v Aeolck. ¥ 99 teflondl M 3§ ol&
7} b7l pH 6-79) FolF & ReolA| et
T Ade EeA AHG o1& ol AT A
o] Bo] Fut. F HEF HAV|7HE F3d AF
A2 EollA BEF olen sl HF pHe 44
4.89, 54622 AtA S vlely o}, BxH e ol&d
k7le HF pH 6.67, 65691 FAo 2 tiebyrt
B3] A2 ol&e AT FEHI|HE Fihd
o AHA(pH 4.89)& viehiqich

4. = 9

HAA e} F BHAL (snte A, Byedld 5%
o]z, at7ll, A9 AHEE Axdo FdddA 5
2% o]&3) XHRIE}ILt— Fag Ae5A o]
vhelub=) o¥gtar pH 6-72 F4o2 F&=EAG
(1, % 2, 19 6). Axoo] ZM FHF o]



%)
S
o,
o
ofy

8 [ oin -]
7 Site A
—
6 Site B
5
T 4
=
3 -
21-
1
0 Gras dew  Grass fog Tef ]on frost
Teflon dew  Teflon fog

Fig. 6. Comparison of acidity of dew, fog and frost
on grass and teflon at site A and site B
(1990. 5-1991. 2).

&2 749 43 pH 3.659] #f 5 75 AHY
Elfen, 7-104 F<stol A& pH 5e)s}e J*‘{
AHol&o] AEEATH Y 4). FY F

Ne 8ol ¥ pH 3.439 73 *“éa
Weorl, zubHe g o)&o AAHE7) qhriE} 14
= A BSEHAHE 1), ol FJdEH F
e ol&e] ofo] ahrfRc) Mol F w4
Mz-]zt' ul A}-k]%?g \,Ho]]/(—] _—g‘_‘,}z‘io;’_
Batse] x]7] @Folu}. it o]&3 el ds]
% Asehubgo] Sigt A5 Ao AN EAY A
2 ql sinkZ 2% 4 &S AAjh

A Ao FglolA #FEF AT AL ol&H
gz oez 19909 8-119%9 AXgolA teflon

2 3% o|&7 & pH 6-79 FA4o8 T
ZE A 2F 4). o183 Axdel EU3} teflon
oA £33 ol& Y VA AR 4 %
e AL AA, o] NY Y75 A4 HAxE
A EHL] FE7} Sl olF EAe] ﬂl?l%’ﬂlﬂ
E4o AHE oj&H ) YAE G2 AFH F
57 BohE, 2358 ol o] sy A

Zdeol vlg] AxHAH SO,9 HNO, 5ol ofitel

Fdxde A oled b el &8 o
Astabgof o8] FEAAHE AS AARH( Y
D. 4, AYAHL sdAgez dg7F SO,
NOx 5527 Az o2 yolr], #35}3} utgo] 3
Wt AE5HE AT EYFde YA o4&
el A A HEE Y AHgEAe adtbzial
A3 R At go] mljekg Ro R AR KIch oA
2 #4949 AE% 7-10¥59 Ao 2 pHr) o}
Al abgstar odx 5-6¥e] At Sl A4
& i

Brlge] Z3} teflondA] 54§ ol&3} o=
#2775k FEigh AR HEE Holx oy B

et

o] o]

FHe2 FFHAUNIH 5). 454 FuHS
71ste] 3% U % W =2 AHF=(RH)e} 7
g efEAbs SO9k NOxo| #siehubgg Fdi4)
ek d7)Fel A Fsshibg-ol o8 Fu® AHE

2o odgd 48 BANA 2o AA L9A
oz zum«»u Aol RuEAch(sl, Hanel,
1982). =g A% 9 SO 0,9 FHE =

7} 57}‘5} T5 Fdgel 5=k McLaughlin
and Taylor, 1981).

2822 A, B Y AFH A #E5F o
£°] dAF Axale A4, B A9 HAz o
2 370 Gl 9 AYEAL FAb Y ofFo]
A odojutr] wEel, ke GHAG AxYAS
=AY AZRE 9 AHEAL 2w} Ah;}];g—]og
g g ook ad AX9E 200me] e
E2 Aol oj&l = de FAA e} 2R
A ¥ FE8CAM A HEE Y AYEA
o] BAYH} Axde Eld ez Az F
A5, F2bel] Edol AxAHE olF MY EAE
L optel]l EYRHe FAHH olFUE L3 ¢ 4
st 4 Qo) whebd 5 A Ao £9 FHo
AAE olgd e Hd AZFYAE 44 A=z
= 2 ANEAE FEAAAA A A4S e
4 4 gl

z2u A, BAR9 9 teflon FHoA £33 o],
at7he) FAHEE o] A Wr]F Y SO.9 NOxsx
7h wtel, olF A4 HxE 9 AAEAo] teflon
Edgdel FAH o], R dir)Fotae] =
Al 47t vjepsty| WiFo 2 Alg€r}

AL H(12-29)%F AAAolA] teflono. 2 43
T A9 Ale &= 8-11Y%E<) teflono & A% o}
3 A9 vz 4% JdelWu(E 1), BAY
teflone. 2 A3 AaEl= teflono]&d R}
pH7} ot & d714ded FSHA=W Fag
Aolg BAF2] oFstch(E 2).

A2l A A aAsiEy r]F SO.e
HNO,5 8 7h2 &47} olanch slokste] olgn
o 2 AH4E F o2 spAY). 22y Foster
5(1990)°] wA#jed o] tetlonof 4 FEF o)L
el pH 6.0-7.29 912 o7 Aele 4yt &
zholz} §la, w3l o]&F AMe|o| ofoldi} &ole
FEx 9 79 vsdigled, oA d7|F 3
g0 o] &3 MelWRe] F47)Teh 1 AAu)E
o] FALst7] afF-olefar Barsksdr).

£

aeb A A, BZ]°—1°] teflon £ ol 4] 2§ o]
7 el A Ul7s Ay HERE 9 AR
zle] o)} AMz|WHR 2 §449 d, olE ol&z}



5 AU A,

Aele] 471 FAFE AR ol Re ol
3 e AR ThE B Al E7en )
F la F401 agde, 2dbE) A =
A QAN A 45D S g s ANBTh

5. &

FE AYTAAA 25T W, ol A9 mg
= z2Ab 9 2 dFE BAT 4% dge) AR
Aot

1) Zdwel A A9 FoA +3g o]&3
Ne 5-109%<r FF pHr} zhzh 4.89, 54619
Aoz BaF 9t

2) o§§H o]&9 #A¥ AHdL(pH<E) ¥& &
=9} 7g ek EAlEtol A SO, NOx2| #3behub-g-
"EH'" OIE FHE w2 HZ:% Ay g 7]qls}
7} ok v} #

Zrdo & #AkA|

o2

&k
ke o e BA1E LY AEE Y HUEA
o Boh okl flonsae ol Se b
A ol5 FAZol gl o437 bhhz
AP o F4u7uck, Farel Eolo) Az
MR olg 2ALe ol&w WllHel §o 2
W3 7ok o mEbH AL Ak el gols.
odol Ag £4 P FAAY Friol HetE ol
€4 LhE dFad 4 A2E o 1aE
o AyHel F5 % AFael v A=PY=
44 AET 9 4B FEAT eu A4
595 alee Al
4) £ A9 teflon EA ol &3} Aelrh Faw
MERE Molx e Ao ulFel olEe e
2o Aol BT AFeNA ol& Ael)
= 44 AEE 9 A4EAs FRT SR
& At

6. A yal

ol&, MH, Melt Ade
Fuch 2-30 A% o A7 HY
Hulol BrhHo R o 4R A4stE A
Aol wads Nalg &2 - oleh b ol
£ oladae) 44st 717 W 1 &shl @e A
%79l @77} 8 7Heh

ol&, Hujg AT AF 51

o1&, W, Aels HHRE AN AUt
7 5 10k FA) WHr|@Hel 58 Fashoh
U sEode A FYED b2 slel, 5
A2 BAL W4AF) BoHde ol

A, Mol eish Agssel A 4 slok.

53 =4 ¥ PR F2 5% 2o 2d
Aol e A4 ol&, bl Hel} BE
5 Slee AN, =8 449 ols, A, A2
7 AEst waEel nAE 4% A AT ¥
Moz a7 He

H AD

o] AT FFetAte] A7)z
07-00-57) )l el& T3 =5

A7 (90-

231 #

Brimblecombe P. (1978) “Dew” as a sink for sul-
phur dioxide. Tellus 30, 151-157.

Chameides W. L. (1987) Acid dew and the role of
chemisiry in the dry deposition of reactive
gases to wetted surfaces. J. geophys. Res.
92, 11895-11908.

Foster J. R., R. A. Pribush and B. H. Carter
(1990) The Chemistry of dews and frosts in
Indianapolis, Indiana. Atmos. Environ. 24,
2229-2236.

Hanel G. (1982) Influence of relative humidity on
aerosol deposition by sedimentation. Atmos.
Environ. 16, 2703-2706.

Lindberg S. E. and G. M. Lovett (1985) Field
measurements of particle dry deposition to
follage and inert surfaces in a forest canopy.
Envir. Sci. Technol. 19, 238-244.

McLaughlin S. B. and G, E. Taylor (1981) Relative
humidity: An important modifier of pollu-
tant uptake by plants. Science 211, 167-169.

Mulawa P. A,, S. H. Cadle, F. Lipari, C. C. Ang.
and R. T. Vandervennet (1986) Urban dew:
its composition and influence on dry deposi-
tion rates. Atmos. Environ. 20, 1389-1396.

Wisniewski J. (1982) The potential acidity associ-
ated with dews, frosts, and fogs. Wat. Air
Soil Pollut. 17, 361-377.



