
Accepted Manuscript

Long-term changes in wet nitrogen and sulfur deposition in Nanjing

Xiuying Zhang, Limin Zhao, Miaomiao Cheng, Hongling Liu, Zhen Wang, Xiaodi Wu,
Hua Yu

PII: S1352-2310(18)30648-4

DOI: 10.1016/j.atmosenv.2018.09.048

Reference: AEA 16281

To appear in: Atmospheric Environment

Received Date: 23 March 2018

Revised Date: 17 September 2018

Accepted Date: 23 September 2018

Please cite this article as: Zhang, X., Zhao, L., Cheng, M., Liu, H., Wang, Z., Wu, X., Yu, H., Long-term
changes in wet nitrogen and sulfur deposition in Nanjing, Atmospheric Environment (2018), doi: https://
doi.org/10.1016/j.atmosenv.2018.09.048.

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.

https://doi.org/10.1016/j.atmosenv.2018.09.048


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Long-term changes in wet nitrogen and sulfur deposition in Nanjing 1 

Xiuying Zhang1,*, Limin Zhao1, Miaomiao Cheng2，*, Hongling Liu3, 4, Zhen Wang1, 5, Xiaodi Wu1, 2 

Hua Yu1 3 

1 International Institute for Earth System Science, Nanjing University, Nanjing 210023, China 
4 

2 State Key Laboratory of Environmental Criteria and Risk Assessment, Chinese Research 5 

Academy of Environmental Science. Beijing10012, China  6 

3 State Experimental Teaching Demonstration Center for Environmental Science and Engineering, 7 

Nanjing University, Nanjing 210023, China 
8 

4 State Key Laboratory of Pollution CYYUontrol and Resource Reuse, School of the Environment, 9 

Nanjing University, Nanjing 210023, China 10 

5 Jiangsu Center for Collaborative Innovation in Geographical Information Resource Development 11 

and Application, Nanjing 210023, China 12 

* Corresponding author, Xiuying Zhang, e-mail: lzhxy77@163.com;  13 

Miaomiao Cheng, e-mail: chengmm@craes.org.cn 14 

 15 

Abstract:  16 

The concentration and deposition of acid from precipitation in Nanjing in the 17 

Yangtze River Delta are presented, and their long-term trends are detected based on 18 

ground measurements. The wet SO4
2- deposition was 18.1 kg S ha-1 yr-1 from 19 

2015-2016, which is much lower than the average across China; and the NO3
- 20 

deposition was 8.5 kg N ha-1 yr-1, which is higher than the national average. Both 21 

SO4
2- and NO3

- depositions were relatively high in spring, summer, and autumn, with 22 

the lowest occurring in winter. From 1990 to 2016, the averages of SO4
2- deposition 23 

during each Five-year Plan gradually decreased from the 8th (1991-1995) to 12th 24 

Five-year Plan (2011-2015), although the annual value did not show a significant 25 

decreasing trend due to large variations. Both the annual value and averages of NO3
- 26 

deposition during each Five-year Plan showed significant increasing trends from 1990 27 

to 2016. The SO4
2- deposition during the 12th Five-year Plan decreased by 26.5% 28 

while the NO3
- deposition increased by 182.9% relative to that of the 8th Five-year 29 

Plan. These results confirmed that NO3
- deposition is still high in the Yangtze River 30 

Delta. 31 

Key words: wet acid deposition, long-term trend, ground measurement, Nanjing 32 

 33 

1 Introduction 34 

China has become one of the global hotspots of acid deposition due to the 35 

increased energy consumption in recent years (Vet et al., 2014). To control acid 36 

pollution and improve air quality, the Chinese government has enacted a series of 37 

policies to decrease the acid deposition precursors SO2 and NOx since the mid-1990s 38 

(Hao et al., 2000). Before the 12th Five-year Plan (2011-2015), only SO2 emissions 39 

were controlled, and the joint control on SO2 and NOx emissions began with the 12th 40 
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