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Local emission factors and spatio—temporal distribution of open—air vegetable production—-related ammonia
emissions in Shanghai

MIAO Wenliang'?, XU Chang"", SHEN Genxiang'?, QIAN Xiaoyong', JI Yingjie', NI Yuanzhi', FU Kan', XU Chunhua’

(1. State Environmental Protection Key Laboratory of Environmental Health Impact Assessment of Emerging Contaminants, Shanghai
Academy of Environmental Sciences, Shanghai 200233, China; 2. School of Resources and Environment Engineering, East China
University of Science and Technology, Shanghai 200233, China; 3. Shanghai Agricultural Technology Extension Center, Shanghai 200233,
China)

Abstract: In this study, we monitored the ammonia emission characteristics of open—air vegetable cultivation using the dynamic box—
aeration method and simultaneously observed the main meteorological parameters in order to obtain the characteristics of ammonia
emission from open—air vegetable cultivation and its spatio—temporal distribution in Shanghai. The results showed that the cumulative
ammonia emission amount of 5 typical open—air vegetables in 4 seasons ranged 14.44~41.94 kg-hm™, and the highest ammonia emission
appeared between day 2 and day 5 post fertilization. Most of the emitted ammonia was released within 15~18 days. The ammonia emission
during the topdressing stage was significantly higher than that of the base fertilization stage. The ammonia emission loss rates of leafy

vegetables, melons, solanaceous fruits, beans, and cabbage reached 6.02%, 18.30%, 14.98%, 14.57%, and 11.77%, respectively, following
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the order of melon > eggplant > beans > cabbage > leafy vegetables. The correlation analysis showed that temperature and humidity were

the two main ammonia emission—affecting factors in open—air vegetable cultivation lands. Furthermore, temperature and humidity exhibited

a strong positive and a significantly negative correlation with the ammonia emission flux, respectively. In 2017, the total ammonia emissions

from open—air vegetable cultivation in Shanghai reached 832 tons. Analyses of the spatio-temporal distribution characteristics of total

ammonia emissions in Shanghai showed that the three districts with the highest ammonia emissions are Chongming, Pudong, and Qingpu,

accounting for more than 67% of the total ammonia emissions. The seasonal distribution characteristics of the total ammonia emissions are

summer > autumn > spring > winter across the whole city of Shanghai. The total ammonia emissions in summer are 3.6 times significantly

higher than those in winter. In conclusion, the NH; emission of open—air vegetable cultivation in Shanghai exhibits significant changes and

its spatio—temporal distribution shows obvious regularity.

Keywords: NH; emission; emission flux; emission factors; open—air vegetable cultivation; Shanghai
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Figure 1 Changes in NH; emission flux during planting of five typical vegetables
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Table 2 NH; emission characteristics of typical open—air vegetable cultivation
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Category Variety Duration/d Peak time/d  Maximum emission flux/(mg-m~-d™") Cumulative emission NH, emission loss
amount/(kg-hm™) rate/%
S IN R 15~17 4-5 389.71 14.44 6.02
JRZE K 15~17 3~4 1 636.93 41.94 18.30
PIE S e 15~17 3~4 1619.15 34.02 14.98
[FES NG 17~18 4~5 345.57 16.41 14.57
BB KA 17~18 2-3 1189.11 24.72 11.77
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Table 3 Correlation between NH; emission flux and

meteorological factors of open—air vegetable cultivation

4T

T

Meteorological Leaf iR SR RES PSR
€ €AY Solanum  Melon Bean  Cabbage
factor vegetable
L 0.58%* 0.85%: 0.51% 0.45% 0.59%
3 -0.57*  -0.88%*  -0.52% -0.84** -0.86%*
A 0.33 -0.22 -0.65* 0.55% 0.38%
RAUE 0.73% 0.1 0.06 -0.19  -0.33

TE : #3RIRTE 95% T DX ] 23 AH OG5 4 R IR 7E 99% A X [H] 1
FH,

Note: * means significant correlation in the 95% confidence interval;
** means significant correlation in the 99% confidence interval.
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Table 4 Comparison of NH3 emission loss rate in open—air vegetable cultivation

it R0 NH:HER 2 %

BRI A R P AR 2 Ay it 2 R . - o E= BTN
Vegetable variety ~ Vegetable type ~ Planting mode ~ Province  Type of fertilization Nitrogen apphci“”“ NH emissionloss g o ence
rate/(kg-hm™) rate/%
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Figure 2 Distribution of NH3 emissions from different open—air vegetable cultivation in Shanghai in 2017
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