
Accepted Manuscript

Long-term variation of the source of sulfate deposition in a leeward area of Asian
continent in view of sulfur isotopic composition

Tsuyoshi Ohizumi, Naoko Take, Yayoi Inomata, Hiroaki Yagoh, Tomomi Endo,
Masaaki Takahashi, Kazuki Yanahara, Minoru Kusakabe

PII: S1352-2310(16)30405-8

DOI: 10.1016/j.atmosenv.2016.05.057

Reference: AEA 14645

To appear in: Atmospheric Environment

Received Date: 4 March 2016

Revised Date: 24 May 2016

Accepted Date: 27 May 2016

Please cite this article as: Ohizumi, T., Take, N., Inomata, Y., Yagoh, H., Endo, T., Takahashi, M.,
Yanahara, K., Kusakabe, M., Long-term variation of the source of sulfate deposition in a leeward area
of Asian continent in view of sulfur isotopic composition, Atmospheric Environment (2016), doi: 10.1016/
j.atmosenv.2016.05.057.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.atmosenv.2016.05.057


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

1 

 

Long-term variation of the source of sulfate deposition in a leeward area of Asian 1 

continent in view of sulfur isotopic composition 2 

 3 

Tsuyoshi Ohizumia*, Naoko Takeb, Yayoi Inomatab, Hiroaki Yagoha, Tomomi Endoa, 4 

Masaaki Takahashia, Kazuki Yanaharaa, and Minoru Kusakabec 5 

 
6 

a Niigata Prefectural Institute of Public Health and Environmental Sciences, 314-1 7 

Sowa, Nishi-ku, Niigata 950-2144, Japan 8 

b Asia Center for Air Pollution Research, 1182 Sowa, Nishi-ku, Niigata 950-2144, 9 

Japan  10 

c University of Toyama, 3190 Gokufu, Toyama 930-8555, Japan 11 

 12 

*Corresponding author 13 

Telephone: +81-25-263-9411, Facsimile: +81-25-263-9410, E-mail: 14 

oizumi.tuyoshi@pref.niigata.lg.jp 15 

 16 

Abstract: 17 

A large emission of air pollutants from the Asian continent has caused 18 

transboundary air pollution, especially in northeastern Asia. This paper evaluates 19 

sulfate deposition at a leeward area of Asian continent, i.e., the Nagaoka observation 20 

station located along the Sea of Japan. We have monitored atmospheric sulfate 21 

deposition and its sulfur isotopic ratio for 28 years at the station. The sulfur isotopic 22 

ratios of non-sea-salt sulfate (δ34Snss) ranged from 0.0 to +6.2o/oo. The isotopic ratios 23 

of local emission and Chinese coal sulfur showed negative and positive values, 24 

respectively. Several statistically significant trends were detected on the deposition of 25 

non-sea-salt sulfate (nss-SO4
2-) during the study period. The decrease of  nss-SO4

2- 26 

deposition since the middle of 1980s was considered to have been caused by local 27 

anthropogenic SO2 emission that showed relatively low δ34Snss values during the 28 

period. The increase of  nss-SO4
2- deposition from the end of 1990s to the second half 29 

of 2000s was interpreted to have been caused by the change in SO2 emission in China 30 

because the δ34Snss values increased during the period with the winter values getting 31 

closer to the averaged value of Chinese coal sulfur. The decreasing trend of nss-SO4
2- 32 

deposition from the middle of 2000s was likely affected by reduction of Chinese SO2 33 

emission judging from the decrease in δ34Snss values in the period. Mass balance 34 

calculations suggested that sulfur released by coal combustion in China during 1990s 35 

contributed by about 40% of annual total sulfur deposition in Nagaoka, and its 36 
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