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ABSTRACT 

Using a recently developed cloud and rain acidity/conductivity (CRAC) real time analyzer, 
clouds atop Mt. Mitchell State Park, North Carolina-the highest peak ( -2038 m MSL) in the 
eastern US-were investigated from May to October during 1987 to 1989. Measurements for 
chemical and physical climatology were performed to estimate exposure of pollutant at the forest 
canopy resulting from direct capture of cloud droplets. The mountain peak is exposed on the 
average to cloud episodes about 70 % days per year. Results are reported for integrating times 
of cloud collection, approximately 5 min, during several precipitating and non-precipitating 
cloud events. Cloud water was found to have higher acidity and higher concentrations of sulfate, 
nitrate and ammonium than previously observed in rain droplets. The pH of the cloud water was 
in the range of 2.4 to 4.9 during 1987 through 1989 field seasons, while the pH of the rain water 
was in the range of 3.5 to 5.5. The cloud water collected in summer season was more acidic than 
those collected in any other seasons (spring and fall). The maximum of average cloud pH value 
(i.e., low acidity) was found when the predominant wind direction was from southeast. On the 
other hand, the low average cloud pH values (i.e., high acidity) were found when the predomi­
nant wind direction was west through northeast. Total concentrations of major chemical species 
in cloud water at Mt. Mitchell State Park are significantly higher (-1250 to -3020 µeqjl) than 
those reported for other rural locations. According to the time-sequential chemical concentra­
tion, a concave trend with total concentration decreasing at the beginning and rising toward the 
end of event was observed. It was also observed that changes in the individual ionic concentra­
tion are proportional to the changes in total concentration. It suggests that condensation and 
evaporation of cloud droplets are the important processes, during various stages of a cloud 
event, in determining the total pollutant concentration of cloud water. 

1. Introduction 

Much interest has developed recently in trying 
to ascertain the role of clouds in contributing to 
high elevation forest decline in the United States, 
Canada and western Europe (Blank, 1985; 
Waldman et al., 1985; Weathers et al., 1986; Aneja 
et al., 1988, 1990; Saxena et al., 1989; Saxena and 
Lin, 1990); since it is now recognized that clouds 
and fogs are more acidic in nature than precipita­
tion at the same location (Falconer and Falconer, 
1980; Muir et al., 1986). Cloud exposure may be 
about five times greater than the corresponding 
number of rain hours. In the high elevation moun­
tain areas, it was indicated that cloud deposition 
pathway may account for a large fraction of both 
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moisture and chemical loading (Lovett et al., 1982; 
Saxena et al., 1989) because the cloud droplets are 
frequently developed onto terrestrial surface; and 
the higher wind speed aloft also enhance the cloud 
droplet capture efficiency. It has now been shown 
(Murthy and Aneja, 1990), based on an analytical 
analysis, that clouds provide the primary pathway 
(,...., 60 % ) for pollutant deposition on high eleva­
tion forest ecosystem when compared to wet 
(,...., 20 % ) and dry (,...., 20 % ) deposition processes. 

Recently, questions have been raised about 
the chemical and physical structure of clouds 
regarding their potential role in adding chemicals 
such as nutrients, mineral acids and trace metals to 
such ecosystems. However there is paucity of data 
on chemical composition of clouds, and limited 


























