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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 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

*[ 5% SR T RITE  (2024YFD1501800, 2023YFD1501200, 2022YFD1500800) ¥ Bl Supported by the National Key
Research and Development Program of China (Nos. 2024YFD1501800, 2023YFD1501200 and 2022YFD1500800)

@ #AE# Corresponding author, E-mail: liuyalong@syau.edu.cn

TEZ A BRERIE (2002—), 53, T LBAN, W EWFR4A, EEGR TN LEE I SHRE . Enail:
zhangxilun@aliyun.com

ek HH:  2025-05-20; UREIE SR H#H: 2025-09-05: M4 HE & HE (www.enki.net):

http://pedologica.issas.ac.cn



B
Acta Pedologica Sinica

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]
(1) 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 miscellaneous 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.
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Table 1 Pollutant transfer coefficient and Yi in Northeast China

VeSSt V54 i R il
Type of pollutant Contaminant Circulation coefficient/ % (x10° a-kg™®)
KRG /< NH; 8.114 5.1
Atmosphere pollution S~ N,O 1.1504 0.4
HEAN NOx 0.45 14 6.79
REee Sp/0 HER L Nitrate 7.3504 4.9
Soil pollution ik Sulphate 391s! 0.17
# Cd 0.000 089181 60.9
ISESERS fiifR L Nitrate 5.5 3.05
Water pollution A NH, N 2750101 167
R %L Phosphate 1.35 047 0.36

e Yie B YeF RS Bul A frdR B4 S . Note: Yi: Years of life damage caused by unit pollutant dose.
KRR AE araEyk, A ARICHX T 30 i FHALAE AT = A KR T5 5% KIRT5 5
T 385 G PR o 5 R B -
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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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082 /i yuan, HZARJEHLIX 44.71%; Z 5N AR (60 218 /7 yuan, 18.81%). Il T4

(59 785 Jj yuan, 18.68%) FIPNZ AT HE (56 970 /3 yuan, 17.8%) (3£ 2).
% 22022 FEFR AL X AL HE A IME R AL E
Table 2 Environmental cost estimation of chemical fertilizer application in Northeast China in 2022

EREES VIUSER TG

WK Atmosphere pollution/ Water pollution/ Soil pollution/ Bt
Redion (x10* yuan) (x10* yuan) (x10* yuan) Total/

g A W L U T
NI-? TR Ni tra;z Phosph  NH,*- Ni traj?elz Sulphat CFch yuan)

® N0 NOx ate N e

LG i 20910 602 2725 30913 173 2 457 66 369 18 930 2.29 143 082
T 8 745 252 1140 12 928 22 1028 27 755 7916 0.29 59 785
HHE 8 809 254 1148 13023 13 1035 27 960 7975 0.18 60 218
WAL 8328 240 1085 12312 53 978 26433 7539 070 56970
FAbHX® 46792 1347 6099 69 176 262 5498 148 517 42 360 3.46 320 055

(DHeilongjiang, @Liaoning, @)Jilin, @Eastern Inner Mongolia, GNortheast.

2.3 FRALH X LB e A Rl 3R 35 AR AR XA AE

21 40 00 AEAR AR AL HE X & T ARt AR AR AR 5 20 42 90 AEARAH P33 K
3.31 %, 21 th4 10 AR5 00 FAXAH L343 K 3.55 f% (& 2). 20 4l 90 A EE X 3
BT KA MIEREL: 21 el 00 FAFEBE R KE BRE, B JEL, 21 e 10
AR N s BRER B AL, WiER R (K 28~ 20). = TERABE R AKX

A AR EA T BRI — 2k, AR RN X T B AT B ORIE — 2, UIRRR . KN %

MG (K 2d).
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Comprehensive environmental cost / (X 10° yuan)
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T = ZET SR R B R 55 0 it T 10 6 509 GS(2024)0650 5 AR I il 18, IR TR ME 2R
NIA. 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.
2 ZRACH X AL R F 45 5 PR A (a. 1990—1999 4, b. 2000—2009 4, c¢. 2010—2022 4, d. 33 4F:
(] A A )
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)

21 tH40 00 FEARZR A H X 45 3P Rt FH (40 A Ml PR 858 BRAR f i 5 20 20 90 AEAR 3416 K
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LR KR 8 UG ARG PG A 1, AR/ N XS 3 AR DU AR RN IR N
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Fig. 3 The environmental cost load 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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FRICEIE R E M FEESR (KA IR (RIEOKAR) {HHRR BT (& 2). KEXR
FAIF AL 20%~40%, Jta %= E 1 NHs SRS, FERT T s gn ok el 5] e - et
(31, A X R E M S E R R T 12.8%, SRR E AR, ik, W REEES
BAHIR SR E LI BIRITRE, V5 YRR IR, AR X & i A AR 2k DA S 1 A Al
FiT#, RIRMEHAEEN, SBHERTRE. EFGEUY, MUK SREHRE T2
W, ELURRLE AL T 3mAs , iRy 4elea-ss,

3.2 ZR AL b X 1Y AR e A B9 R Ml IR R AN 25 18] 3 AR 5 4E

20 t20 90 EAX, K& VUSF A4 TR = bR FE Fh AR ™= & 43 ) o 75 R4 1Y) 61.93% 4
70.07%, HZRJEHBIX ) 12.57%F1 19.18%; FA/RVE. F5MG /K 24k =T i B 3 i AHUA
2005350 5 SRRV 45.41%7F1 58.81%, (5 ARLY 20.34%7F1 24.85%06), IR 3 X 7
BHZIERAN, SECE SR IEmHA S A . #EA 21 L PUE, RIGHKAREEY)
FRPP AR AN R 7 S SR B I K T 58.84% K1 115.61%, [FI AR E N T 107.26%,
I H ARG IR RAEY) T KR G FE P AR 73 0l 38K T 98.18%. 108.15%7, S:EUHEA L
Hh X R EE AR AL T8 = K

IR Al b X B AT oL T AR A A It FH AN 355 s AR 747 PR X 338 23 A SR B DA N ARRAIE s — 2 AE A T
T P X (1) B g B s T AR S R X . g s {E OB T 134.32 yuan-hm?) 5
BARAE (K204 7.16 yuan-hm2) 2R 8%, =14, X fmrrsLmEmas, M 20 i
#c 90 “EAR Y 10~20 yuan-hm2 34 28 21 4 10 SRR T 80 yuan-hm? (] 3). I TH I
FSCAS o5 B B R T RE PR TAR 7 LU R, P9 58k 2R T BRI A o be BRI B R AR AR 2, 1
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7 319992022 FRILMXIMERA . IREBAERT R EHIME A T2 T
Table 3 Changes in environmental costs, grain sown area and environmental cost loads in Northeast China from
1999 to 2022

20 4 90 44X 1990 s 21 fitzd 00 41X 2000 s 21 th4d 10 4K 2010s
TSA RoAD RAD
ﬂﬁ_@ " A L # I A e # I A L
Region Environmental - Environmental . Environmental -
Proportio Proportio Proportion
cost/ /% cost/ /% cost/ Y
(x10* yuan) i (x10* yuan) ° (x10* yuan) °
T 5244 34.42 16 843 30.17 54 537 22.92
HHE 4977 32.67 14 859 26.61 49 021 20.60
LG I 3935 25.83 15980 28.62 86 782 36.47
SR 1079 7.08 8152 14.60 47 586 20.00
HRAHX” 15235 55 834 237 926
20 4 90 424X 1990 s 21 2 00 4E4X 2000 s 21 k4 10 424X 2010 s
X WA EB, T R T R T
Region Grain sown area/  Proportio Grain sown area/  Proportio Grain sown area/  Proportion
(x10*hm?) n/% (x10* hm?) n/% (x10* hm?) 1%
ST 312 17.77 299 15.17 342 12.38
O 356 20.29 376 19.08 554 20.05
BIr® 786 44.80 970 49.26 1411 51.04
CE T 300 17.13 325 16.49 457 16.53
HAbx® 1753 - 1970 - 2765
20 tH#d 90 424X 1990 s 21 2 00 4E4X 2000 s 21 4 10 424X 2010's
HuIX FREE A A7 7o . B8 AR A7 4 - BRI A 4 L
- : dith - gtk - dith
Region Environmental . Environmental . Environmental -
Proportio Proportio Proportion
cost load/ /% cost load/ /% cost load/ 1%
(yuan-hm?) (yuan-hm?2) (yuan-hm?)
wr” 17 42.89 56 41.00 159 38.55
RN 14 35.67 40 28.76 88 21.39
i 5 12.27 16 11.98 61 14.88
CETY S 4 9.16 25 18.26 104 25.19
ZRIGHIX® 9 - 28 - 86 -

(DLiaoning, @\ilin, @Heilongjiang, @Eastern Inner Mongolia, ®Northeast.

3.3 FRIb X PR AR Ml FR B Al AR B33

IRAEAOW I AL T W R, 0 TSI B BSOA T mr R X, 1 B R 5 e 4%
AR R , IR G e SALITR s (L) HETRLAAE: ARHE L IE 7y S RC T TR =
B LSRR S ELG], S8 RHURE, AR IE 5300 RIE LIRS SEY KRS NEHE
ML E S, FRRERFN R, 232 R ERTRA. (2) GBI, Wit
HURE - 1% J8 NS0 T Rl 8L, HEAT A ML MU 39 ST HUAE BLSR T T, e K 3ok A
HESAEA G RO s H DA LR SRS, (3D JKAE— 1Rtk FHxsFoR i X, @i
IRAE AR SEELATRTTAE,  S2THALRLRI 2

XF T ATt IR 58 AR T AR M X, 7 B Yk fp it /g, B ISR A ey R . 2
R (D GREERAE: BRI, 7 2~3 MR B ke, o IR S5,
ITROT SR Y, DB EIEAR Z (R s (2) HEAT S b DB IR Z A, TR PR IRE (82
fiE SR, IR R L PUR AR (B XORIED; (3) SEEIMMTEA R 4G,
ANLE BRI, HEHEPRAL 5 T A ) R

4 45
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ARALHLIX 1990—2022 FAV LN FH 2R BB AIG K 76 fiF, FIYMGKERIX 14.49%, (H
WK IR RTINS, AL PREE A s me B35 N . 2022 AF AR Hb X A4 AR it F BT 5
E IR I AN 320 055 /5 yuan, XA ZKARAI 3875 GRS A 23 ) A 54 237 Ji
yuan. 74 936 /3 yuan £l 190 881 Jj yuan. H H, ZSRIRHER £ 1 DTk il 1A 2 AR Y 82.64% .
AR IREE BOCARBGR B RK  X 3a A TEE AR T A AR T — 2R, AE SR A N B K IE T
—RAREN, AR R IR ARSI AR R . ARSI IS T R A [R] R R KA
FRIX S ML T B 3 X, RGBS N S IR BSOS I 2 () 22 S A e T o 85 B AR 38 7 2 P A
FIAEE A, TR E AT R SRR R, SRR AL, SRR
AKPEFFHHERIE, #Esh R REORE.
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