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Abstract: [ Objective ] Northeast China is an important grain production base, and it is also one of the largest fertilizer consumption
markets. Over the years, the application of many chemical fertilizers has led to increasingly prominent negative impacts on the
agricultural ecological environment. Using the application rate of chemical fertilizer in Northeast China in the past three decades, it was

estimated environmental cost (EC) from different potential pollution, and their comprehensive environmental cost(CEC)and
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environmental cost load (ECL). This research will provide a scientific basis for realizing agricultural sustainable development in
Northeast China and ensuring China 's food security. [ Method ] Combining energy analysis and disability-adjusted life year assessment,
the spatial and temporal distribution characteristics of EC from different potential pollution sources, and their CEC and ECL were
analyzed in Northeast China from 1990 to 2022. The EC in different provinces and cities and their potential causes were evaluated, and
countermeasures and suggestions for reducing EC were put forward. [ Result J1) From 1990 to 2022, the CEC of fertilizer application in
Northeast China gradually increased, from 42.12 million yuan to 3 200.55 million yuan, an increase of 76 times, with an average annual
growth rate of 14.49%. The growth rates of the 1990s, 2000s, and 2010s were 22.69%, 16.67%, and 7.78%, respectively, which
gradually slowed down. (2) In 2022, the total EC of air, water, and soil pollution caused by chemical fertilizer application was 542.37
million yuan, 749.36 million yuan, and 190.88 million yuan, respectively. Ammonia and nitrate, respectively, contributed the most to air,
water, and soil pollution. Their ECs respectively were 467.92 million yuan, 691.76 million yuan, and 1 485.17 million yuan, reaching
82.64% of the total EC. (3) The largest change in CEC was mainly concentrated in the line from Jiamusi to Chifeng, while the smaller
change was concentrated in the line from Yanbian to Dalian. The largest changes in ECL were mainly concentrated in most areas of
Liaoning Province, Tongliao, Shuangyashan and the surrounding areas of Jixi, while the smaller changes were mainly in Siping, Yichun,
Daxing'anling, and Xilinguole. [ Conclusion] In the past three decades, the CEC of chemical fertilizer application in Northeast China
has increased year by year, but the growth rate has gradually slowed down, indicating that the impact of chemical fertilizer application on
the environment has been significantly alleviated. In addition, the EC and ECL showed obvious spatial distribution characteristics, which
indicates that the impact intensity of the southern and southern coastal areas was stronger than the northern inland areas. In future
research, it is recommended that the focus should be directed towards typical black, brown, and other types of soil in Northeast China, as
well as typical cultivated areas such as the corn belt and miscellancous grain area in Northeast China, to further explore the spatial
differences of CEC. Although chemical fertilizer input can increase grain yield, it also brings high EC, which requires scientific
fertilization measures according to local conditions. It is necessary to continue to promote scientific fertilization and reasonable
intercropping/rotation to improve the utilization efficiency of chemical fertilizers. Finally, the effect of reducing fertilizer application and
being environmentally friendly will be realized to ensure the sustainable development of agricultural production in Northeast China.

Key words: Environmental cost; Energetic value; Northeast region; Chemical fertilizer; Environmental pollution
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Table 1 Pollutant transfer coefficient and ¥i in Northeast China

T YR e ik yit'
Type of pollutant Contaminant Circulation coefficient/ % (x107° akg™")
RAT5H " NH; 8.1t 5.1
Atmosphere pollution FHZA N0 1.15M4 0.4
A AW NOx 0.45 14 6.79
+- 45 g HIREL Nitrate 7.3504 4.9
Soil pollution WilREE Sulphate 39113 0.17
% Cd 0.000 089"* 60.9
VISESEES fHERER Nitrate 5.504 3.05
Water pollution S NH,-N 275110 1.67
WiA2EL Phosphate 1.35 07 0.36

e Yie BNTS YRR S B A ar i AR R . Note: Yi: Years of life damage caused by unit pollutant dose.
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Fig. 1 The change of comprehensive environmental cost ( a ) and its annual growth rate ( b ) of chemical fertilizer application in Northeast China
from 1990 to 2022
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Table 2 Environmental cost estimation of chemical fertilizer application in Northeast China in 2022
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Note: The map is based on the standard map of GS (2024 ) 0650 downloaded from the standard map service website of the National Bureau

of Surveying, Mapping and Geoinformation, and the base map is not modified. The same below.
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Fig.2 The comprehensive environmental cost of chemical fertilizer application in Northeast China( a. 1990-1999, b. 2000-2009, c. 2010-2022,

d. the variation in 33 years )
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Table 3 Changes in environmental costs, grain sown area and environmental cost loads in Northeast China from 1999 to 2022

20 42 90 4E4E 1990 s

21 42 00 4E4% 2000 s

21 42 10 451X 2010s

11X SR B A IR LA
' i kb i L it
Region Environmental cost/ Environmental cost/ Environmental cost/
Proportion/% Proportion/% Proportion/%
( x10* yuan ) ( x10* yuan ) ( x10* yuan )
ST 5244 34.42 16 843 30.17 54537 22.92
R 4977 32.67 14 859 26.61 49 021 20.60
Hp® 3935 25.83 15 980 28.62 86 782 36.47
WL RIS 1079 7.08 8152 14.60 47 586 20.00
A X 15235 - 55834 237 926 -
20 {42 90 418 1990 s 21 22 00 4E4R 2000 s 21 422 10 4548 2010 s
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e i H e
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ip? 312 17.77 299 15.17 342 12.38
it 356 20.29 376 19.08 554 20.05
Hpr® 786 44.80 970 49.26 1411 51.04
MEh RIS 300 17.13 325 16.49 457 16.53
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Region
load/ Proportion/% load/ Proportion/% load/ Proportion/%
( yvan-hm? ) ( yuan-hm? ) ( yvan-hm? )
ip? 17 42.89 56 41.00 159 38.55
A 14 35.67 40 28.76 88 21.39
HJp® 5 12.27 16 11.98 61 14.88
WEH RIS 4 9.16 25 18.26 104 25.19
A X 9 - 28 86 -
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