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The spatiotemporal dynamic changes in net anthropogenic nitrogen input (NANI) in Quzhou from 2003 to 2022. YANG
Yu-hang', HAN Yu-guol‘z’3 . ZHANG Xiao-lin*, DUAN Wei-li' (1.School of Soil and Water Conservation, Beijing Forestry
University, Beijing 100083, China; 2.Forest Ecosystem Studies, National Observation and Research Station, Linfen 042200, China;
3.Key Laboratory of National Forestry and Grassland Administration on Soil and Water Conservation, Beijing 100083, China;
4.Quzhou Wuxi River Drinking Water Source Protection Management Center, Quzhou 324003, China). China Environmental Science,
2025,45(4): 2075~2085

Abstract: The Net Anthropogenic Nitrogen Input (NANI) model was utilized to estimate nitrogen inputs to Quzhou for the period
from 2003 to 2022, and its spatial and temporal patterns, variations in components, and determining factors were examined. The
results indicated that the average NANI for Quzhou over the past two decades was 12925kg/(km?>-a), with a peak of 15698kg/(km>-a)
in 2011. The spatial distribution was found to demonstrate an east-high and west-low pattern, which was consistent with land-use
configurations. The predominant component of NANI was nitrogen fertilizer, which contributed 27% to 41%, followed by net
nitrogen input from food/feed at 22% to 42%, atmospheric nitrogen deposition at 21% to 33%, and nitrogen fixation at 7% to 11%.
The variations in NANI were primarily driven by nitrogen fertilizer application between 2003 and 2008, food/feed inputs between
2009 and 2014, and atmospheric deposition in recent years. Strategies were proposed to mitigate NANI, including promoting new
energy vehicles, reducing nitrogen fertilizer application to align with standards of agriculturally advanced nations, and regulating
livestock and poultry farming to match local demand. It was anticipated that these measures would decrease NANI by approximately
833, 893, and 896kg/(km>a), respectively, achieving a cumulative reduction of about 2622kg/(km>a), positioning it among the lower
levels globally.

Key words: net anthropogenic nitrogen input (NANI); Qujiang River Basin; nitrogen deposition; mitigation strategy
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Table 1 Basic characteristics of research units in 2022
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Table 2  Atmospheric nitrogen deposition in nearby regions
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Table 3 Parameters and sources for NANI estimation
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Table 4 NANI comparisons with other countries and regions

A s NANI [kg/(km?-a)]
2009 CHEPN RSl 5013
2011 RPN ER B 28 X 355D 5800
2007 5 [ 4% g ! 4900
2011 B fi g 3 5 D 6955
2009 ERES o 9930
2008~2017 o [ i 26 5 1 22 15929
2006~2016 rh Ak 77 A s A ) 11632
2011~2019 A [ T 37 2 ) 13063
1985~2020 AR AT R 3143
2014 w52 6132
2018 A [ = e [ ) 20639
2013~2022 rp VT iR 8511
2003~2022 AT 12925
2022 AT 8828

3.2 NANI 4% 2240 5 #r

50

7000
6000 140

5000+ g |
430

o
=)
S
S

Jit ik LE A5 (%)

3000 F [ 420

0 H L] g L g L H 0
2002 2004 2006 2008 2010 2[&21 \2014 2016 2018 2020 2022
0

NANEL: [ /4 20 A2 eriah A tiE=S Ui il o< < m ook
LEA) : —o— {E1 [ R —A— Al —e— R F—e— KR ik

NANI [kg/(km'a)]

393
=3
=3
=1

1000 |

4 MM 2003~2022 £F%AL 7 P-4 SRR EL A1)
Fig.4 Proportional contributions of each component to NANI
in Quzhou, 2003~2022

ABIF O] PN A A Je % DX EL 1Y) NANT 41 23 164 T
TN G B 4 ProR,2003~2022 4 [A] M
NANI - N 3518 57 ik B9 Bl ) ) 2 2R 28 4 e rp
STt R0 N 26 B/ 3 o kb U N 1) DTk L

Bt R, 53 T2 K 27.06%~40.87%F122.14%~41.70%,
SES TTIRE 23 ) 4398.98 1 4200.91kg/(km*a), 7
205 BN 20a ~F- 24 NANT AR [ 34.03% 41 32.50%.
LA KRR DTIEFIAE) [ 20, B W& 1) Tk b
B %5 Sk R g, 4 o 21.13%~32.68% F1 6.90%~
11.36%, ) oT Bk {8 4 )k 3282.03 F1 1043.00kg/
(km*a), 4> ) o5 A 1 M- 2 NANI {E 1 25.39% 1
8.07%.H &l 4 ] LU H5ZIZ X 18 NANI {H 1) 3
IR 2 B/ DR e N R TR U N P
XF NANI A2 b 3k a5 DS PEAE F ol UG
1H(2003~2008) ALt FH T NANT (15200 d5: K, = 1
(2009~2014) & Pyt k)4 U0 N R 5 Wi f K, 30 JLAE
(2015~2022) %I it FH A0/ 4 Rk 1 S0 N 10 32 1)
BN, KRR TIT o L) S I3 3.

Bl 5 RN T NS X EL 2003~2022 SE%-41 AR
PRI, 7] LA H TP BRI L B 821 0 P A S )
U AR A IR AU 3 1 A b S A EL o e i
KA RAEGTRE, BT R AR, 7 A K
15, T LA NANT (185 K R 2 08 KAA DT AT X
LD P DX 117 DXL K P A b XN 1 S A e
K T AR N R A, SRS K LU/,
3R 2.99%F1 6.31% 35X N Hb X AE Ay 117 X FR AR
SERI U HE O AT S TR 2007 4FHITA NANI
AR5 R 1) DR I3, AR AR 4 73 23 B T 260 2 J DR E 1]
I X EUIE it FH 22 oy T AR AN 5T R TT,2007~ 2022 4F
FTIRIX. NANT A FEAR I 2 32 2 TRt F BRI
e, 7899kg/(km™a) B4 1407kg/ (km™-a).Jf H.
FT3IX 1 0/ v ) i N i AT A R At v
THRTIRX N 85 B R.2022 4F 4 732 A /km? i KT
LA A G L A VL DX B/ R i N AR A
B Sk, 5 S ) RN N i s K AN & N 1 B
(197 2y, 1M A2 Zh 40 8 FE 10 R &, 3 W) 7 i 4 A
2012 4 Ji ik, DR /) B /U N0 70 S
S0 e RS D LT ) 2 A AR N AR,
PNIRE§=¢yic: BRI 7/MEY S v D)=y ol ) <52
FEO R AG g o fe 7 e e B, Jeiife B 16 & /AR A
NPT by B S B AR G ik g, L R )
WIS 22 S5 AT R 20 A n] B AR AT I DX R X
VR DX R J S AN R, B AR AR K R 3|
M A S () i S, 0 B el T el SR H &
BT A, T DAL Ui N BT o B 48] 328 8 AR, e



4 1 MRS : 2003~2022 “EA N T A ZRV5 3% =5 A (NAND [ I 22 3 2528 4 2081

W 2012~2022 4 NGB Bh )RR A2
12197kg/(km™a) B A% 42 885 1kg/(km™a), JERFEm A
9570kg/(km™a) A% % 3294kg/(km™a), 7 EL 1 B4
WVAE 2012 4F 5 HAR A BRARAH — B DR IR s (1) 7= 1,
R R s R E A A 2012~2022 45

18000
16000 |
14000 |
— 12000 |
10000 - =
S 8000 - =
2 ol
Z 6000 | &
4000 |
2000 |
0
2003 2007 2012 2017 2022
FTI X
9000 60
8000 |
{50
7000 |
— 6000 | {40 _
= S
& 5000 =
2 L 130 5
54000 % -
Z 3000 | = 120 =
g
2000 F B
E H 10
1000 - =
=
= 0
2012 2017 2022
aniinii
4000 60
3500 |
{50
3000
- {40 _
2500 - = g
E | =
220001 45 B g 130 5
) 1
o
= 1500 =
z E = {20 =
1000 H | w= -
= 10
500 H =

2003 2007 2012 2017 2022
THLE

bE/ RSBy e R 1R SR T 0P\ ) 8= NSNS S 7 B L]
TRV N RS S8 NANT fH7E 2012~2022 452
IRy o AL 1Dt R A G rpoegite L UM it P PR RN,
B4 R T R 2 ) ) SR AN 2, T K
H R R A,

12000 60
10000 | ’_\/
8000 F
= S
= =
£6000 - E
2 i
Z 4000 | LS
2000 |
0
2003 2007 2012
MHTIX
7000
6000 - 150
5000 -
—_ E 140
Gl = = )
£ 4000 | =
< — — = 130 5
£3000 g in
A
fam =
4 = 8 10 =
2000 - —
1000 | | 10
0 = 0
2003 2007 2012 2017 2022
LR
14000 60
12000 | 150
10000 |
_ 140 _
G &
£ 8000 V. =
< B 130 »
S 6000 = i
= § 20 =
4000 | g
2000 | = 10
2003 2007 2012 2017 2022

s IFpER COAE e R BRI

thpl:  —m—tepia s

—— A\ KR —A—ULTEH —e— Uik

Bl S i IX B 2003~2022 4F NANI 4153 53 #r
Fig.5 Analysis of NANI components by district in Quzhou City, 2003~2022

3.3 NANI 4L A1k i JE A

M NANT [P PUAS L RER 23 1l 0, K BT
m 21%~33%, FEZ AR ESIR . NERHE R A Tk
FUHETBC 5% . AR R = A R IR 3h RN
AU BT A U B AT 0 A0 N R R
Al 40%, AR LE 60%, K EIT AR 2k 4

&5 S 00 T Pt A S A R 2 Bk
WRNEFE K, 5 oz ML KA 2003 4
22t/km* FEIRE 2022 4F 11tkm?, iH 543 H A% K
W2y 370kg/ (k™). il 2 5 Uk U5 15 Tolk
HEROAN Y HE O (O EERBEZE T4 4% PTaT 4
WA TR B el 5 FioR,



2082 o

KoM R %

45 %%

oMb B HEHOZ A9k D i v A A HE O A )RS
A 12 385 0T 22 4 19 0, I HL MDA R R S UHE T8
BZ N T00kg/ (km*a), 7 A R £k ECHE O 2
500kg/(km™a), b AR £h SR > 2k 200kg/(km™-a),
LR AT R A RN B A AR S 0K ik i 34, 15
B RAEDCRREI . DR SRR 1 AR A R
DA = 2 R R, DMV RO R R A 5 i

R 2 b7 27%~41%,7E 2009 4F LLRT &I i
FH G BE3K, A 2 2538 I IF 90t 38 WA R0 RE 3 AN 61X
3 50 25 S 1 TR R v ), R 5 A B U £ it T
IR AR A AR S R, 7 N i b
ARAE 20 AF [ A AR (AT, 000t 2 A
TIE 50% MRETFA R T 15%,1% 3K WIEEH A H
SR TIN KPR TR rh S0 110 W i e 388 o, A 2 it A A=
AN BT AT DU U8 T 2
ST NANI (BN EZ —

T/ RN RN A 22%~42%,2009~
2014 4F[AEFZ M NANI E ) 2R =, 3k 5 vl 4,
N TN 1385 B AR AN R, B il 7 AR A BROR, HL
AYNHFER R N NIFE R 3~6 1%, PRI Ik
N BRI AR NANT 5 3 2 K 25, 5 W0 4
A F B 2E.2012 1A A B AL 2003 4F
BEINT 98.4%, b I 7] 4 M 75 Ok G AR A IR
FEMVAE Ry SR b 22— A A8 370 e k) 57 NANIT
(1) EZER 38 AE 2012 4F J5 AR A B IO I %
34,2022 FFEFHLE 2012 4AEFRAR T 74.0%, 4206 7 =
S IILOF /N S S T A DR g Al N T A S AR B
S, 7 338 2 B P A U5t BT 2 R e, A
TR WA IR G AE 2 A0 IR B 2R G v o
A DG A5 B AR 1 R b, 7 0 AR IR R S 4/
PR AU N B AU N SRR SR >, 2 NANT 7
I JUAE 20 AR, AU e 5 L ATE 7%~11%,9F
LA N () R R FH 28 2 A AR R AR Ak, DR b T L]
JE X NANT [ 52 e/ 28 43 BT NANI 15 2 258
M) PR] 3% 2 V34 CHE A ARk it FH R 8 50 1) R e

CRA G N L 25 R AR 4K, E R N e T A S T
S P ) = UL S5 R LA 2003 4R 16:42:42,
WHHE 2012 4E10 8:51:41, 553 2022 £ 5:43:52.,
A LUE B — ML T o BB R — Ml ek . AR
Moy vl A 2003~2022 4EIZBAE SR B 2003
T 16.4% KR 2022 1 4.7%, HE— =A™

SMEM 2003 4R 391484 JiJCiE SR INE] 2022 4F
() 931988 J7 7, 1t WA N 1K) 265 — 7 Ml 1) B ZE M AH XS
5 /P R I AR, AR AR AR o,
EL A M PR A e e 2 1) B € B A= 25 1) 7 =X A ]
23 O UM it FH 328 A B A 1 Ji B, ) B 4 ] DU H
7E 2012 4 LUFT, 55 = Mg i in oy 32 5 H47,2012
A 55 Ml bl R 20 ARG, Al M 1 o B
i) F- 55 = b

x5 FMASTUMBEXER

Table 5 Factors influencing component variability

e
2003 2007 2012 2017 2022
FHmAkm?) 2023 1863 1972 2085 2089
N It it (t/km?) 22 26 22 17 11
TR 1039(79%) 518(43%) 334(30%)
- - 0 0 0
ShA L)
PUEHIR(STHR 278(20%) 676(56%) 770(69%)
- - 0 0 0
ShA L)

WRFCERA & 3.29 6.07 17.73 38.53 57.01
(Ji5%) ’ ’ ' ’ '
R (t) 655158 722216 796868 560630 555984
AL RENKmD) 277 280 286 291 288
AR (k) 2406 341.1 4773 211.7 124

NIH#E
5 1215 1229 1255 1280 1266
Nlkg/(km*-a)]
AL
) 3925 5232 7813 4502 3722
N/[kg/(km*a)]
SN
. 391484 523554 760705 805311 931988
(Jion)
S RN
. 1002972 2493611 4941983 5698545 8741191
(Jion)
5 =AY
. 990277 1780531 3941710 6690832 10361240
(Jion)
()5 78) 323597 441264 612959 712086 763603
Holk (5 76) 199525 314776 572062 351639 443932

3.4 NANI ik s ms

BT NANI 4184 10 J5L R 23 B ASHIE S0 ot
B L5353 R I T AN [ (10 P 935 Tt X S 43 it %o B
ik NANI R 6 B, 5t Akl N s X
NANI #EIk TAE R A5 5 X

I A SR IR B N RN 2R £ ) 3 0 e R 2 4
B A, AT R BT oy L8128 S48 .k 92> NANI
1% N, T R B AR UHE TS 4 i, G v g2 i
BHE R VG A H A AT 12022 AEfilJH (1
JEZKFA 11.0t/(km™a),#% Ludemann 25745111
FRAR ZH 2R A BR 45 [ 1) SNt FH o, 8 8 56 [ L KA



4 1 MRS : 2003~2022 “EA N T A ZRV5 3% =5 A (NAND [ I 22 3 2528 4 2083

W LAaF, s, gk, B, EE. EE
DA R BT R 2 FLAN AR b 2 32k ] 5% 1 2 it P 7K1 £
SIS 720/ (ken-a) VE Sy R AEL, 255 18 K SR it T
IR BRAR A2 0 H BR AR SUIEE RE r HX 2022 4F 4%
Wb 126kg/(km™a). Ak, % T T HEROR 4F B
FIT v LEAT 9 /0N 704 R TS TR 4 n e 3 vl 3R
BRGS0 BT RE R VR4 T A A R AR SR DR
N 2022 SRRV ST oA 57 J700T —
AWM A FEFEHRAA G YH IR E R
11.75kg™%, 1 24 2236 1] 41 2022 AE WL 9T B JEVA 2R A
Ak 134.82 J7 4, IKHVAGHIA 50 2049.15 J7%,
ATAT LR BBV R i O 6.6%. LA LB
RV LU A9 I A5l BT REDR VR IR AT o, 5 K 5L
ARV A 9 B REVR VA, KL K PRI
707kg/(km™a), K I B4 28 B9 45 0 A HE O A 2
SR A R T 0T e IR YR, R (R
FHL IRV R A 25 L 4 St FH K BRI &
7.2t/(km™a), K BT V20 58 48 b 3 B PR 4,
KRR BRAIT 30%,i55) 1946kg/(km™a)f)
KA W 6 Fros.

TR A M T A AR Ml S B TR A T
SE JIC S, T R A ) SRS it D R R D IR U N
EEAAFDOS T B AR L B9 J.2022 4F, i JH (4 e A
IKAFN 11,0t/ (km™a), H18 T- LA A b & 32 [ 5 B
(GEHE L WA BAag, A4, sk, M .
T, VR TR ) 6T 38 R F K SF 7.2¢
(km™-a), 7 M AERH U A K0/ 893kg/(km™-a), % 1
9D N it FH 2 AT 2 P04 it DR b, 2 15U M
KR 15 A7 KT 10 [R] K U it FH 92D
2 7.2t/(km™a), T IR A K AR 37%, B &

1496kg/(km™a)(# 6),(H1EY 7~ B 2 R UL I#AK, 2 %
2016 AEEENEH & 16.9¢/(km™a) [E{L % 2020 4F
13.1t/(km™a) &A% T 3.8t/(km™a) £/ &l 71.0 J7
t FRAR A 55.1 J7 e ok IRt A & ph 11.0t/(km™-a)
BN 7.2¢/(km?-a), [FIREFRAR T 3.8t/(km™a), 11 5L 2
W IR 26 503 R AR MoR A B S R i
H 22 PR 22%, 11 2022 45119 55.6 Ji t NP R 2000 43.4
i AR E TR B 7 A G S S bR | R
B A1 I8 B AZ TN /1N . DR 0k o ok B3 7 75 P4 IR
Jit FH 2 1 Sty B T4 BRI FH 26, 48] e 3 SRR i
A A 5 2 AUIE S SR8 IR IR T AR R H
1 B R IERER] FH 22 AR R S804/

PORS RN RRE L7/ EIL Y/ b R AN B NS =L
T FE R A RN, HON 1 38 FE AR AN R A
M55 R, DR b 1 428 LG 38 2 P AT 2 /N AR 11T SC 43T,
BN FE R A e DR 2R MO 45 Ol BE B mT
A7, 3o 25 20 4F [H) A2 48 A B S R % 41 40 1) 22
DR 2%, vy 2 M e v [N B8 R 4E 0 I RE RN
19k, 45 (50 A2 1 M P4 I N 10 R4 PR 5 e o, A
ARG FR T A T BRI A8 55 7 3k AR 7 A R
A A F ] FRAR 56%, 75 BEHE i AE T, S A
BRI 50 B 34%. 5 IR L,
WD S5 R AR Dk 255740 J5 76,500k = H N
443932 J3 IG5 H A X I N A A R SRR
ARG PNV AE K 2 R BE 2 113806 J3 70, B0k 7 {8 K %
2330125 J3 0. e i AR AT s> AU N (H 2 4
W o 5 B R IR bk, 2 SUAE 3 R A DXk Y O A
TR AT R, 9> 43 H 0 AR B AR JE P e
T i, 5 B 5 A b B O 45 R 38 50 7 oL 1) 5 R
R E.

% 6 NANI BB RrE AR E
Table 6 Strategies for NANI reduction and projected outcomes
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