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Abstract

Wet deposition by precipitation plays an important role in the removal of atmospheric particles and
soluble gases from the atmosphere. In this study, scavenging characteristics of atmospheric components
were examined using a long-term precipitation water quality dataset obtained in Sapporo, Japan. The
dataset is based on precipitation observations conducted over approximately 30 years from 1990 to 2019.
Electric conductivity (EC) of precipitation samples was used as an indicator of dissolved ionic
components originating from atmospheric substances. Meteorological conditions, particularly wind speed
during precipitation events, were compared with EC values. The results show that precipitation samples
with relatively high EC values tend to occur under stronger wind conditions. In addition, precipitation
samples with EC values exceeding 60 uS/cm were more frequently observed during snowfall events than
during rainfall events. These results suggest that wind-induced atmospheric mixing may enhance the
interaction between precipitation particles and atmospheric components. In cold atmospheric conditions
associated with snowfall, the solubility of gases in water increases and adsorption of atmospheric
components onto solid surfaces may also become more favorable. These processes may contribute to
efficient atmospheric scavenging. This study demonstrates that long-term precipitation observations

provide useful information for understanding precipitation-related atmospheric purification processes.
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1 Introduction

Precipitation is one of the major processes responsible for the removal of atmospheric particles and

soluble gases through wet deposition. This process, commonly referred to as atmospheric scavenging,



contributes to the natural purification of the atmosphere. Rainfall and snowfall may remove atmospheric
components through different physical mechanisms. Rain droplets mainly remove soluble gases and
particles through dissolution and collision processes during their descent. In contrast, snow crystals may
capture atmospheric particles efficiently because of their relatively large surface area and slower fall

velocity.

Sapporo, located at approximately 43°N in northern Japan, is characterized by relatively low temperatures
and frequent snowfall during winter. Such meteorological conditions may influence the efficiency of
precipitation scavenging processes. Professor Emeritus Norimoto Watanabe conducted long-term
monitoring of precipitation water quality in Sapporo for approximately 30 years. These observations
provide valuable data for examining the relationship between precipitation chemistry and meteorological
conditions. The objective of this study is to analyze this long-term observational dataset and to investigate
the relationship between precipitation water quality and meteorological conditions, particularly wind

speed and precipitation type.

2 Materials and Methods

2.1 Observation Site

Precipitation samples were collected at Miyanosawa-Nishi in Sapporo, Japan. Observations were

conducted continuously from 1990 to 2019.

2.2 Sampling Method

Precipitation was collected using a plastic bucket as a simple sampling device. Although the sampling
system was simple, the same collection method was consistently maintained throughout the entire

observation period, allowing long-term comparison of precipitation water quality.

2.3 Measurements

Electric conductivity (EC) of precipitation samples was measured as an indicator of dissolved ionic
components derived from atmospheric substances. Meteorological data during precipitation events,

particularly wind speed, were obtained from the official records of the Japan Meteorological Agency.

2.4 Conceptual Processes of Atmospheric Scavenging

The removal of atmospheric components by precipitation may be influenced by several physical

processes.



Atmospheric mixing by wind: Wind enhances atmospheric mixing and increases the interaction between

falling precipitation particles and atmospheric constituents.

Dissolution by rain: Rain droplets can dissolve soluble atmospheric gases during their descent. Gas
solubility in water generally increases at lower temperatures, consistent with the temperature dependence
described by Henry’s law. Therefore, colder atmospheric conditions may enhance the dissolution of

atmospheric components into precipitation water.

Particle capture by snow: Snow crystals have relatively large surface areas and fall more slowly than rain
droplets. These characteristics may enhance the capture of atmospheric particles. In addition, adsorption
of gases and particles onto solid surfaces often becomes more favorable at lower temperatures.
Consequently, the cold conditions associated with snowfall may promote the adsorption of atmospheric

components onto snow crystals.

3 Results and Discussion

Analysis of the long-term dataset indicates that precipitation samples with relatively high EC values tend
to occur under stronger wind conditions (Table 1). When precipitation types were compared, samples
with EC values exceeding 60 uS/cm were more frequently observed during snowfall events than during
rainfall events. In the dataset analyzed, 217 snowfall samples exceeded this EC level, whereas 81 rainfall
samples did. During these high-EC snowfall events, the average wind speed recorded by the Japan
Meteorological Agency was approximately 4.3 m/s. These observations suggest that stronger wind
conditions may enhance atmospheric mixing and increase the interaction between precipitation particles
and atmospheric components. Furthermore, the structural characteristics of snow crystals may contribute
to efficient particle capture. Cold atmospheric conditions during snowfall may also enhance both the
dissolution of atmospheric gases into precipitation water and the adsorption of atmospheric particles onto
snow surfaces. However, the detailed physical mechanisms responsible for these processes require further

investigation.

4 Conclusions

This study analyzed a 30-year precipitation water quality dataset obtained in Sapporo, Japan, in order to
examine the relationship between precipitation chemistry and meteorological conditions. The results

indicate that:

1. Precipitation samples with higher EC values tend to occur under stronger wind conditions.

2. High-EC samples occur more frequently during snowfall than during rainfall.



3. Snowfall under cold and windy conditions may contribute to efficient atmospheric scavenging.
Long-term observational datasets such as this provide useful information for understanding

precipitation-related atmospheric purification processes.
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