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ABSTRACT 

The efficiency of nucleation scavenging of submicrometric aerosol particles with radii 
between 0.028-0.28 µm was measured at Tsukuba, Japan, during the summer and winter of 
1987 by using two thermal gradient diffusion chambers, with and without a water vapor 
source. The efficiencies were measured as a function of the supersaturations (S). Although the 
efficiencies in winter tended to be lower than those in summer, mean efficiency by volume 
was evaluated to be 0. 75 at S = 0.25 %, 0.81 at S = 0.51 % and 0.93 at S = 1.04 %- On several 
occasions, individual aerosol particles were collected with a low-pressure impactor and were 
examined by the dialysis (extraction) of water-soluble material with water. It was suggested on 
the basis of these data that the efficiency of nucleation scavenging for submicrometer aerosol 
particles was closely related to the hygroscopic properties. Further, the reduction in the 
efficiencies at supersaturations less than 0.5% was mainly due to the presence of particles with 
small volume fractions of water-soluble material. Structural features of some cloud-inactive 
particles were also indicated. 

1. Introduction 

Submicrometer hygroscopic particles play an 
important role in the formation of cloud droplets 
in the atmosphere with supersaturations of less 
than 1 %. Junge (1963) argued that in continental 
air, giant and most large particles act as cloud 
condensation nuclei and that cloud droplets will 
contain most of the aerosol mass present. In 
recent years, the incorporation of submicrometer 
aerosol particles into cloud droplets has been 
studied in natural clouds (Hegg et al., 1984; 
Sievering et al., 1984; Daum et al., 1987; ten 
Brink et al., 1987). Hegg et al. (1984) measured 
the number-size distribution of aerosols with 
range of 0.05-0.5 µm radius both in cloud-inter­
stitial air in non-cloudy air. They obtained 
nucleation scavenging efficiencies for cumulus, 
stratus and strato-cumulus clouds, ranging from 
0.2 to 0.9 with a mean of 0. 76 ± 0.2 by volume. 
Sievering et al. (1984) observed the nucleation 
scavenging efficiency of particles in the 
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"accumulation mode" by stratus clouds and 
showed high efficiencies of 0. 76 to 0.91 by mass. 
High efficiency of about 0.9 was also measured 
by Daum et al. (1987) and ten Brink et al. (1987). 
Daum et al. (1987) measured the volume 
distributions of aerosol particles with radii in the 
range of 0.1-1.5 µmin the air below cloud and in 
the cloud air and implied that about 90% of the 
particles were activated to form cloud droplets in 
winter stratus clouds. Ten Brink et al. (1987) 
measured the light scattering coefficient of par­
ticles at a high resolution (2 s) in cloud-free air 
and cloud-interstitial air and obtained a high 
efficiency of 0.9 for nucleation. Recently, 
Heintzenberg et al. (1989) also obtained, on the 
basis of the measurements of clean air particles 
and droplet residues, that on the average, 80% of 
fine particulate mass was incorporated in 
stratocumulus cloud droplets. 

Numerical studies of nucleation scavenging 
have also been carried out. Jensen and Charlson 
(1984) obtained the mass fraction of aerosol 
particles which form cloud droplets in a parcel 
of air moving upward in the area below the cloud 
base. The calculations were made for particles 




































