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Abstract; Human consumption is the main driving force of nitrogen ( N) flow in terrestrial ecosystems. Quantitative
calculation and evaluation of N flow of rural residents’ living consumption ( N, ) and its reactive nitrogen ( Nr)
characteristics have practical and guiding significance for sustainable N management and the improvement of ecological

environment of rural area. Here, a framework was developed to evaluate the generation of N and associated its Nr

RUR »
emissions in China rural from 2000—2020. The results showed that the N, increased by 36.7% in the past 20 years, with
an annual average of 5.62 Tg/a. Food consumption N was the largest contributor (43.2%) , and industrial daily necessities
and domestic fuel consumption accounted for 31.5% and 25.3% of N, , respectively. The Nr emission accounted for
25.4% of Ny, (1.43 Tg/a), which decreased at an averagely annual rate of 1.3%. NH, volatilization was the largest
emission source (accounting for 50.1% of the total Nr emissions) , followed by the amount of Nr discharged into surface
water (31.0%), NO_(15.8%), N,0 (2.0%), and the amount of Nr lost into groundwater accounted for only 1.1%.
Increasing the disposal capacity of human excrement, reducing the use proportion of straw fuel and optimizing the domestic
energy consumption structure of rural residents are crucial to the reduction of Nr emissions from rural residents’ living
consumption. The study provides a scientific basis for the management and prevention of Nr from rural residents’ living

consumption , so as to reduce its impact on the ecological environment and formulate more sustainable policies for China and
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other developing countries.

Key Words: rural residents; living consumption ; reactive nitrogen emissions; sustainable development

RFERFENI G RK L SBFEAESRES W SRR CHOT R Z — , W8 5T P S 2T
FU L REIEMEA (N BA R A A = A TR B A Tlk 7= | BB JRRIH A 4 2> 4w Ak 2 2 A
SLTFRPE LR S, AN R AR T A S R G R RMOR A7 B BE s o B N HERT 5
S TR I A AN IR AR BRI 8 A ) R, 3k B ) A R SR R E R g i T A R A R
FRPEFE, NORZ, WA K, SR 2 7% 08336 T 48K 20% /A 0 R d A T
FR A IR TR 2 AR BT B R A A0 50 2010 4FH B ACH Nr i A i3k 53.9 Tg /a, & 44F BRI Nr i A
SRR 2 4%, AR AR AR SR N HER S 20 1650 T3 A AR R R 2 (AH 24 T2 2000 12357 17
M) ARAEEE SRR E R s EE IR ), fli S R G 70% 19 Nr ok A5 A& P4 7= H
SERYTE T T R R AR TG T B A A N, R IR AR B R BR i D N X X 38 A A5 ER B
At 20 nTRREE & RIS, C SN B FAF I U Y — AN RPR AR, 8 A B AR 16 T 2 b U R R A
Fein) PP AR 2 B A S 2 T R G BT AT TR U B DG, X P R TR ROk A T
THPT R SR IR nT Rk A HE R S X,

AT, FNAPC A 2= E IR T KX T EE XU R W EE A5, B9 R 3 m RA & 7 i, o
LRI Y R ERE O, EANEE ZH ] N-Caleulator FERFI4) B J7 V45 S A i R &
PR A A R R e R DL RS TR AR A T B AR R Y B N EE £ a8 ) N-
Calculator FEAIFFJRIRTT 7 AW MEZFIE" W EWE LB B8 & IR Y 2L 21 K
e H 5 AN]SR AR 6 s A 253 38 ) 3 o0 BT AN A 7= 8 2 A s, TE A5 31 o N 389 102 3 v
1980 4FAY 19.0 kg A" a™' EFF3 2009 4F/45 39.5 kg A" a™", i W &R I &7 5] 70%—82% 7 s A5 /D4
SEEHT T IR R AT S AU R Y AT LR, B TR ST 24 p O T R B A,
XA A JE RO TE (Ae/b | LR/ X J B Tl H R AR 8RR 2 0 A TN DPAT . A I i v e e R
AETRERE A 15142 ¢ Tolv H A SR, I LAAE Y 6.3% 138 J3E 3 48 122 | i 13 o LB 7 (0 PR 85 75 e XU 3o
FEvEAs R HAE R AT MK {H H FiX T 5 ) A A 5 R RS A, 3% S B RZ RITE LB T 2451
5 A O DL SRR AR A RIS IR B K IR B e M R MRS R B Z A
W X Ne FRShARAE, SR, B RTEZ XA FE RAETE B9 . Tl BT & R0 AE TS BRRHE 2 U A8 1k
L N HEBURAE I 2 TR AZ S APEA, | AR E— 2 BR ABIFSY , T i e ELAARAT R AT T G Bl 4 s it RT3 A
A SAETE LEK,

K, A9 5L T 2000 ,2005 ,2010,2015 F1 2020 45 [F AR SCHR T TR G 1140080 , 45 6 AH DG 9% SCHR B
FREEAN A b AR A Fo R A= 35 T 9% R IR 25 1) DA N i 2R B BRBE 80N, 1 T 4 0 AR OE 9 N R Xof 56
HEL, DA R DX SR 5 R - U W] R A PR IR A AR IR AN BS S, B ) & R

1 ARFEESHIERE

1.1 T8k
111 RRERAEE A (N ) KR
Ny R EHEBR AN 1 7R ALAEE 0 3 Tolk B S 28 0 G BE R 2 3 3043, B3 n R
Nyur =FOOD,+ID ,+FUEL, (1)
A, Ny A A 35 T 3 U (Tg) 3 FOOD A i R Wi 28 I (Tg) 5 1D A Jr B Tl H A
PR (Tg) s FUEL, A B AR TR 2 AU (Te) .
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Fig.1 The diagram of nitrogen flow of living consumption of rural residents

(1) b R EY)IE 5 A it (FOOD, ) A FE KR (P P i Bisk JICR DA LK™ i 2R, Bk A
W,
FOOD, = ; Veg, X N, y,, + Fru; X N
1, FOOD  AAKS i R W P8 A (Tg) 5 Gra, Mea, \Aqu, \Veg, \Fru, 3B A4 B RIS i FilE AE
P2 K B SERUTRATE 2 i (kg A7 a™" ) PN, o0 N NS AquaN, o N SRR SRS R NS
P KPR BRI I A B i (3R 1) 5Py, AR R REGE (TN Y

“ Grai x Ni Gra + Meai x Ni Mea + Aqui x N +
’ ‘ x PRur x 10_5 <2>

i, Fru

*1 TRBMWESE™ /%

Table 1 Nitrogen contents of different foods

i A/ % i A/ % i AT/ %
Types Nitrogen content || Types Nitrogen content || Types Nitrogen content
KK Rice 1.1 22 Tuber 0.3 JK7= - Aquatic products 2.7

[ ¥ Flour 1.6 5% Pork 2.1 B Fges 2.1

FK Corn 1.3 41 Beef 2.8 445 Milk 0.5
HAAY) Other cereals 1.3 A Mutton 2.8 B3 Vegetables 0.3

2K Beans 5.2 B Poultry 2.8 JAR Fruits 0.2

(2) Akt R Tl H S I R AR (ID,) , ASCHTE I Tolk H & B BRFE 7 T Hh AR P20y ol B

ST BRI Tl i, AN B2 BBRL A AR A R AR R A AR A SR
D, = i ID; x Ni,ID X Ry, (3)
K ID A R Tl ™= il #% A/ (Te) 5D, M R N R RIS 2R 036 0 2 Tl ™ S i ([ Tolk = S =/
Vb TR Z ) (Tg) 5N, A ES @ Bl Tl 7= S S i (3R 2) 5 Ry, FAR K JE B Tk H & 7 2% 14 Ee 1
(%) . AR TERTH AT SR 0 B ] MRIE Gu 2 Hl Zhao 451 AYBF 9, ZRBE Ji B Tl = &

T 2 5 AN VIO DR AR SCR AR A AT SRS [l AR T SO ) o8 LA SRy A AT e
BTl ™ il iF 2 2 5 L
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x2 FETUTRESE" /%

Table 2 Nitrogen content of main industrial products

\ , L 25 e " Bk T AR
ik i fees s it gm  COUREE TR AR
. Chemical . Synthetic Chemical Synthetic
Types Plastic . Nitrate Detergents .
medicines dyes fiber rubber
% 1 Nitrogen content/% 0.5 5.0 18.0 22.0 0.5 10.0 0.5

(3) AHS Fs R BEMNRHA B R e i (FUEL, ) AL R IR ML SRS FT B S Ml 7 26 S5 AR ) oAk
B BRI A T

FUEL, =Foss,+Str, +Fire,+Fae, (4)
>N I:F':
Foss, = z Foss, x Py, % (Foss, yy X Foss, \, ) x 107° (5)
i=1 '
StrR = 2 Cropz X PL ,Str Ni,Str X PStr (6>
i1
Fire, = Py, X Ny, (7)

n

Fae, = Z Areag,. X N

i=1

K FUEL, A i B R BEIRRL 28 B LR 4 (Tg) 3 Foss, MARK T R TE B A0S © 280047 0k (R SRS AN
HE) (kg N7 a™) P s Foss, y, Fll Foss, o 55105 @ FLATIRRLY NH,(BESCR 0.32 g/kg) il NO, “SARHEL
HF (S RFIR 500 1.46 F10.69 g/kg) Y 5 Py, FACK Ji RECE: (J7 ) ™25 Crop, MR i RhVEY) = &
(Tg) P, P FUN, o SR8 @ FRYE RS FEATRL L SRS FF IO R & & (3R 3) 5 Py, ARG AT RS HE R RE 1 41
(2000—2008 441 19.0% , 2009—2020 4 15.0%) ', P F#FH L=/ (Tg) >, N, WA KA & &
(0.3%) ", Area, WEHEF(x10° hm?) ' N, N B - E S HMER 4t (8.7 kg/hm?) 2% P, R FEfH
VERREL 1 (2000 ,2005 2015 Fi1 2020 443514 15.8% 14.8% 13.8% 14.8% 11 13.8% ) >,

X P, x107° (8)

Fae

£3 FREHBFIFHILSHFEALE

Table 3 Ratio of straw to grain and straw nitrogen content of different crops

; ERAR R = , 5 FFFRL Ao/
ik h’ﬂ:H?ﬂHﬂ ot/ % ik hﬂ:H*A‘LHS ﬁﬁ% %
- Ratio of straw - Ratio of straw Nitrogen
Types . Nitrogen content Types .

to grain to grain content
/KA Rice 1.0 0.91 PEE Peanuts 0.5 1.8
Tk Comn 1.2 0.75 %% Rape 2.5 0.87
/N Wheat 1.2 0.65 Z R Sesame 1.0 0.68
.25 Beans 1.0 2.1 Hii4E Cotton 3.0 1.2
24 Tubers 0.5 2.5 HI13€ Beetroots 0.5 0.25
HiE Sugarcane 0.3 1.1 A Tobacco 1.0 1.4

1.1.2 AR RATETH 2% Nr HEK

FEAAT o A 1% 7 B o B P HERL A9 NH, N, 0 NO, AR L B HE At 267K (S,) Al R 7K (G, ) B Nr
(E 1), BatEmT .

(1) NH, 48 & HElca , HARTHRA R

[NH,] = NH; ~+NH, +NH; (9)

Horpr
NH;,  =FOOD;XRy,, %Ry, .. (10)
NH;p; = [(PpX P XP 0, XNy, X 107 )+ID xRy, ¥R, ] XRNH; DC (11)
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n Foss, X Py, X Foss, ;. X 107 + Str, X Ry, . +
NH, = o o (12)
- i=1Fire, X RNH},Fin: + Fae, X 1’%7\”1“&e
A, [NH AR T B A 76 1 9% NH HERCE A (Tg) s NH, y,,, NHa g NH o 2050000 AN FEIR AR 36 B 3% M5 e
AR NH 7 & HEBURE s FOOD  [RI A ZR(2) 5 Ry T R atana 23 B A AR AT T8 B2 PR U4 L £51] (88.0% ) 4 Hil NH,
HETL LB (24.0% ) 7 5 P oAb A AR TG S0 3872 A B (0.19 ¢ A" a™) 270 Py TRVATR(2) 5 Py T N WAGKT
S ot 45 % P AR HE ) (43.6% ) TR (2.6%) 7 5 ID, A Ry, RIS (3) 5 Ry o Tl HFH 450 3% 7 A= L 491
(1/30) ™5 Ry, pe WEEIAL & NHHERLHE B (2.6%) 1, Foss, Foss, y, [AIAZ(5) , Str, Fire, fl Fae, [A] 2t
K (6) L (T) FI(8) s Ry, s Ry e M Ry, . SPHINACKT i BORE AT B AR 3 85 ZEAEAR e i A rp NH 42 EL A5
(43510 11.0% .10.09%F1 10.0% ) 7
(2)NO HFce , B A AT .

[NO,] =NO, +NO,_ | (13)
Horfr
NOXD(; = [(PR XPRurxPKilchXNKilchx 1072) +[DR XRRur XRD] XRNOX‘D(; ( 14)
n Foss, X Py, X Foss, y, X 107 + Str, X Ry, . +
NOXFUEI _ 2 R ,NO, R NO, sy (15>

i=1 Fire, X RNOX'M + Faey X Ry,
A, [NO, AR it B AR T 11 2% NO, HEBLE B (Tg) 5 NO, o T NO, 5351 A7 2 1 2 30 ik AT A b
NO, HEHEE 5 Py Py P N AT (11) 51D Ry TSR (3) 5 R FIATU(11) 3Ry 924 T8 B 3 A0 FL
NO, HERCLEB1(1.0% ) ' s Foss, Foss, yo FIAF(5) s Py, AT (2) , Str, Fire, il Fae, [ (6) . (7) F1(8) ;
Ryo, s Ruo, e M Ryo o WACKT Ji RFEFF HECHI 7 B HEMESRBEL A R NO, 77 A Ll (73904 13.0% (15.0% 11
15.0%) "',

(3)N,0 HEjlcht, BRI AL .

[N,0] =N,0,,..,*N,0,.*+N,0,. ., (16)
Hrr,
N, 0, =FOOD p XR . XR 6 v (17)
N, 0y = [(PpXPr, XPy 0, XNy X1072) +IDp ¥Ry <Ry T XRy o 1 (18)
N, O =StrgXRy o g, FFire XRy ) o HFae XRy o b, (19)

o, [N,0] e e AR I T 2% N, O HEBUE A (Tg) 5N, 0,0, Ny Oy AT N, O 230 AR Az 1 S 5 Ak
PFREMARE T N,O HEBUE ; FOOD  [R/A K (2) 5 Ry, [FIAF(10) 5 Ry o o WA T RIEIRA N, O HEHL HL A
(0.5%) P 5Py Py Prus P 1 Ny VAR (11) 51D, R Ry, JAIAZR(3) R, HIAR (11) 3Ry o A BT E
H1 N, O HERCEE B (0.29% ) ) 5 Stry Fire,, #1 Fae, [AIAZ(6) L (7) FI(8) 3Ry 0 s Ruyopine F1 Ry 0o HARKT i R
FF FrSe 3 BB FErh N,O 74 LBl (194 1.0%)
(4) Sy HEilc: , AR AL F .
[Sy.] =FOOD xR X(I_RNHMI —RNZOYMW—RNM(‘M) xR (20)
K, Sy AR HHEA MR AK A (Tg) s AFEIREAE KA NH, N, 0 FI N, HES , 8 EEHEL (Ry,,)
(2000—2009 44 18.7% ,2010—2020 4F-24 39.4% ) sl g W 275 K b PR 45, sl 8 H (2000—2009 4K
77.1%,2010—2020 44 53.4% ) s Ry, vams T R0 e FVAZ(10) FI(17) 5 Ry s WARKT i RSEIR AL N, HEL
HA(5.0%) 2
(5) Gy R, BRI AL T .
[Gy,]1 =FOOD,XR,,,. *x(1 ~Rutty v R0 Mans =R, o
[(PRXPRurXPKiu:hxNKiu:hX10_2) +IDRXRRurXRD] XRLea,DG (21>

Manu Sur

anu

) ><}2\'\'W'I‘ XRLE;], WWT *
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Kb, G NHEA TR R (Tg) s FOOD, A AT (2) s Ry, AR (10) 5 R Rt vans ~Rsovans F1 Ry i I
Z—Et( 20) ;RW\‘(»pﬂsH thea,wwrﬁ%Uj{jk*ﬂ‘E Eii'hfﬁi@ﬂiﬂ‘ﬁ E/‘j Hﬁﬁﬂ ( 2000—2009 j{j 4.2% 2010—2020 ﬁzj'wj 7'2%)
FVS KBTI LB (9.0%) ™ 3 Py Py Py Pri T Ny FIATU L) 31D Al Ry, FIAR(3) 3Ry AT (1) 5
Ry oo HELAL B H 5 KB IR LA (0.4% )
1.2 Ak

NI BRI AT Y T B bk AT e RBICE 3 S 7™ ik e i R B A 3% T S W A S BHR SR
2001—2021 4 F¢ i AR B4R %) 23 Fii¢ b R G FAR %) 257 b e A 396 0 20 2010 7 A EG N T 1
i‘fﬁ?"ﬁﬂ‘i%;{é E i@(:ﬁﬁ,ﬂ,%—zﬂ ]

2 GRS

2.1 P EARA R A TE T 3R A (N ) TR

2000—2020 4F N, &4 TE R (£ 4) , B BB Ea 3, K 2000 41 5.09 Tg #8015 2020 4
) 6.96 Tg, HINT 36.7% , -5 A 5.62 Tg, 2020 4 N 2952 2015 4F i B ARG A A B2 1) 31.4%
(22.2 Tg/a) '™ WASLFAH BB Ny LAY 8.4% K FE RS, T3 T 2025 46835 5 10.41 Tg, J& 2015 4F 1 [
ABEBRGERBA BTN 67.6% ., 1D, M Ny T BR800 BB HFR, HARSI K R 538 61.7%, 1M
FOOD 25 4 b N 1 B0 1 T B LAAE T 10.5% 33 T R

F4 2000—2020 FHERNEREFHERTEE T

Table 1 Nitrogen production of domestic consumption of rural residents in China from 2000 to 2020

H B Y Year ERHKFR/ %
Source 2000 2005 2010 2015 2020 Annual growth rate
RO R (FOOD) 3.17 2.71 2.22 2.04 2.01 -10.5%
Food consumption nitrogen ( FOOD, ) ’ ’ ’ ’ ’

Tl B R (1D )

Industrial daily necessities consumption 0.51 0.87 1.55 2.47 3.46 61.7%

nitrogen (IDy)

FREATERRRHIE 2 A (FUEL, )

Household fuel consumption nitrogen ( FUELy )

A1t Total 5.09 4.98 5.14 5.95 6.96 8.4%

1.40 1.40 1.38 1.44 1.48 1.5%

211 B E(FOOD,)
LRI (% 4), FOOD, S Ny 1 5 KR, o5

NRUHE/‘J 432% ,ﬁf'zj:éj 243 Tg’%quzFF%ﬁ%,y\ 2000 2020 gl O I[&%

I 3.7 Tg FREZE 2020 4510 2.01 Tg, BT FHEBM 5 20 Emm o K

2000 4E1Y 62.4% T F 2 2020 4E14 29.0% , 3T 20 42K, % . : *@E%
JRIFITERS T ek 3 17 f 2 72, BT 16 % M 2000 4 jgkzﬁ

36.2% ) % B 4 1 1) 2020 4F 1 63. 9%, 4K A 11 0 0w tw 1w 2w 2%

2000 4Ef) 8.08 12T & & 2020 4F 11 5.10 12, FF&E T ¥ J7= A= Nitrogen flux/Tg

I 40.0% ! ARFT A FUB A0 2 3 FOOD,, FIEAY H2 EMEBRSEMRESER

FEFEE, AT LSRR A RFT g2 The structure of nitrogen in food consumption and its
MoK BT AR Y P R T o 3, BT 3% 5 8 production

FOOD (1) 65.9% , sl W) 1 B F17H 9% 7 24.7% , A ih

BRI ZE (/2) . AWFFT R, A K I T (b b RE 4 3h 25 T e R IR B 25 ML R & B 54 A
R EM R AR AR SE T 3k — A, AR R RO T S H A 2000 AF R 74.7% R R
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2020 14 55.3% , T s 8 N 2000 4219 16.2% 38 2 2020 4219 35.4% (&1 2) ., BT, &M ERIYEA
(474 2% LU (IS T IR R (46.0% ) % R4 V-2 (37.8% ) ) TH B T i A B RLRES , oo 2 i il s
Rk 1T, 30K S8 FOOD Ji A As S th B2 & ARk, B RS NREIFIHG , 29 2.0% 9 PRI
88.0% L2 JR A I 20, HiAy 10.0% DAL BB ) B L7574 2,14 Tg BIRA, Hi 2 86.6 Al
977.8 Gg/a 43 Bk A5 /KA FE 22 Ge Ak, HAx DL Ne JEHEA B BIREE (I 1) . 546, BHEAA 716.5 Gg
(A ot b 3 i AR AR TG S 3 R SR (T 1) A AN 40 5 1 LA B 15 e, andE B Ak # e N, O SR 1Y 93.0% 3k
PR JEF 73 ) AT R 4 {1 LRI AR B 1 1 XU AN 258 2200
2.1.2 Tl HHASMIEREID,)

Gu %5V Zhao %5 HRAE 412 2005 K K- (A H2 o Btk 38017 0 R B T = b AT SR BT AR SCH TR SE T
X — a5, AR RS S B A S 1D R A R (R?=0.99,P<0.001) , 1D, 2000 4F:) 0.51 Tg 34
HZE 2020 411 3.46 Tg, AN T 572.6% , 15 Ny 9 31.5% , 8N Ny BOEE KRR ; HAE Ny P AY A
2000 4E/Y 10.1% 2RI 2 2020 4E1Y 49.7% (5 4) o 2020 4EAHXF T 2015 4EBE KT 40.0% , LA H 3 5 336 35 i
2030 4EH5155] 6.78 Tg, BT 2010 4F A A S R G AU A B (7.5 Tg) . Al L, A A g R X
TR S TH PR IE 2 Dy e . MTH SR 5, A b T BT 2 58 2 002 N TR B Tl ™ b 28 (N & i
4 N T2 A RPEET SERNEE) | HO B 1D, 1Y 89.5% , i AR Wy M Tl 77 L (AR AE RR2E
2R A RN TR A Tl &0 ) T 2% i H 10.5% (& 1) X 5 4 R R Tl &0 S 45 i i oh —
] HAAEERE, A ID,iEF] 3.02 kg a ' A7, BT FOOD, A AT $ it (3.65 kg a' A7) 5 H 2015
EITHE 1D (2.47 Tg) B #3d FOOD,(2.04 Tg) , H A ID, AE KR 5 ik 81.2% , & A FOOD,(0.6% ) Ky
134.8% , W UL, Bl 205 A J , AT Ja BROGE Tl 0™ i A 0 2 T SR AE S B v, T8 2o R = A 1 Tl B
R R Z AR N (24 527.9 Gg/a) , iIX WL EEIRE B 45 v AR PREE IR 38 ok B R A Bk AR, DR Tll ™=t %
AR HBRE TR HA BSR A PP B B A 78 B G E AN B 20.0% 2247 AR T it
(98.0% ) FIIEL (89.7% ) AL BRI | 3 R 25 AN AN B2 K AR Af A 395 iy 3 Rtk 180 e 2 14 I AR AL, (L5 I
KA Az 156 B3 IR S 43 2808 AN Tl H A i s 38 T SR R A o B 2 i D B AR A R TS e
213 FREATHREHHE A (FUEL,)

Bifi 25 S B AT AS T4 /3, % A= T R R 2 1 7

SRAAEA W AN FUEL, M 2000 4E /Y 1.40 Tg 3% /i1 m REAFARRE lj;% o éﬁﬁﬁﬁf*ﬂr CRiaa 38
v N . & =R Nitrogen flux/Gg
2 2020 4FY 1.48 Tg, AMFEX) 1.5% 3 EEAERAIN, 5 Ny 0 200 400 600 800 1000 1200 1400 1600

) 25.3% (1.42 Tg/a) (£ 4) . AHXTWTT TG RIS 2 2000 ([T 3
FEACITE R4 | vl [ A ) A 0 SRR TS LA RS A Fn gk e T e—
B AME LG TG YRR 32, B FUEL, Y wor0 (I T T
62.6%F1 35.3% AL A BERHE 9% i LA R 1.0% (K1 3)

B Zhang 5 RIE K (0BF GG gy g, 0 T3
WAL 1 AT R 4,000 s Fpge gy g 2020 LLCCCCCICTTTITIITITIIIOOOONE ¢
FABIREL R DAY 3.6% 5 T, FEFRARH AU Frat B3 S AR
SNSRI S SR AT AR A 5 R R R 4 Fig.3 Nitrogen structure of household fuel consumption and
X EEAE AR G RS AT P2 B 2000 4E 14 549.3 Tg 28] its production

BN 2020 4F (1) 794.5 T, BINT 44.6%, FHEEMiba

BRRHE 2V ALY FUELL Y 2.0% {0 38 B L E A B AF B FF, REAT 3 58 55 A W IR A R AT 10% 22
Fi AL A AV FM KT B, i EL™ R A A S EREE AR, A N RS R RS A e NO, BRI T
ik 2.28 g/kg, MRIRTN 0.69 g/kg™ 5 v FEIAFAF DR (0 FHRE FE 37 456 55 B AR R 1 B P 28 TG Y F 304
420000 A RAET 0 AT UL R I i R R R AR TR B A T e A A E B AR KRR RUTS YeBE ECE

44y Year
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B, B TR EALAT FE RSO B4R ST w5 i BT R A BE VR FE AR A S R T i 4 R L ) A 23 n , 4n 2018 4
R RARATY A 2004 AFBIK T 12.7 £5°Y (AAAL TAEARAKE, UL, 456 £ FHIR 2%, in KA F fE
TEIERE BTN | 2 i T S REVR A HE LA BE 1 , DAk FUEL, BT 2R 45 40 2 1A SRR R R0 T G 1 A 25 3R 48 Ak 1Y)
IR,
2.2 hERKERATE N Hok

AT TR R AT B BRI 716.5 F1527.9 Gg/a AU BFB ) EUR Tl B & b 3 /e AR A A= 3% b7
WRGE(E 1) b Ab et NFEIRHARM S A I MR e 25 77 A — 8 1Y Nr HEA R SRIKIRFREE | X &8 43
Nr 8294 1.43 Te/a, 5 Nyw 19 25.4% (£ 5) . WHFBESTRE , SR STBR IR NH, 354, 2947 Ne HFBCR R
50.1% , Hk ol S\, (31.0% ) Fil NO_(15.8%) ,N, O HEil i (i 2.0% , Gy 5e/N(1.1%) s Nr HERCE 2 3 30 T B,
M 2000 4FHY 1.50 Tg FRER 2020 4R 1.41 Tg TR 1.3% (£ 5) . AT 0L, v E AR RS Y B 45 2 s —
B R, AT AR 8 XTI 15 Y () 0 A T RS 8 T e (ELAS I R B2, 76 N HECS AR AE R IR Y
BHET Sy, Gy, M NO, HE 2N E 8 hma 3, U HIE S DUAEY 12.2% W HCRIER I (£ 5) . MWE , &
AR 15 /K B BB 45 07 T B ER AT 5 K

F5 2000—2020 FrHRERMNBEREEHZE Nr HEHE/Gg

Table 5 Nr emissions from living consumption of rural residents in China from 2000 to 2020

LES i Year SRR %
Types 2000 2005 2010 2015 2020 Annual growth rate
RAE K NH, 867.90 769.11 664.50 635.77 638.47 -7.2
FALTFA N,O 31.59 29.51 27.20 27.31 27.86 -3.0
AAY NO, 220.12 221.07 220.18 229.38 235.18 1.7

HEAHBRK A (Sy,)

Nitrogen discharged into surface water (Sy.) 368.18 313.94 541.54 498.13 492.38 12.2

HEAJL R ARG 14.94 13.75 16.51 16.28 16.72 34

Nitrogen discharged into groundwater ( Gy, )

A1t Total 1502.73 1347.38 1469.93 1406.87 1410.61 -1.3
221 K Nr

KA Nr HER 5 b FE A T AR TS Ne HECR Y 67.9% (969.0 Gg/a) , Hih Ho T 2000 4F (1) 74.5% F % 2020
4R 63.4% , HERCRH N 2000 4EF9 1.12 Tg R 2020 4E1 901.5 Gg, iX 5 NH,FI N,0 HERCEEAE T A
X, THFEH R TIET 7.2%/M 3.0% (£ 5) . XIMET 20 455 [E A b i BAR 16 RS YeBh 6 NH, 7 % Al
N, O b 2 SRl HE 77 17 HUAS Y RO 5

S e R A5 R Ne B LA NO, g FEANTE NH, 4% & AR R AR I8 i R A R Ne HERIR (5 K
A Nr HECER Y 73.8% ) AERIHERL 715.2 Gg/a( 3 5) , 29°h 2004 4F 2 [E [l A= 28 R 58 NH, HE R 1Y 23.1%
(3.1Tg) ) ;NO, 1 N,O HE 451 15 23.2% 1 3.0% , EATAT Lhid s KA s A R RO (AN 58 ) i k<05
Y NFEIRHEMHE NH, 45 & 0 RHEOE , & 223 &Sm0 71.8% , RO TEFFRARE (13.7% ) , B AL 3R
FEIRBEST B 7.1% 1 7.0% , F AR A IRBHRIEA 2 0.5% (2 6) . v UL AT Jo BREAE TG NH, 7 & Dl HE 5
SRR ZE PR HEM A (4 Ak B BE IR B A L 3 A1, R AR R SE IR B HE T o0 B LAAE 4 4.29% F1 19.7% 1
HER R Wl Az W R P LU B8] IR T R TR P 4 P LU A8 X e b NHL #5 R DdHE B 28 T2

NO, “ARHER 5 R Ne BB 23.2% , 461 225.2 Gg, JT 5 HL 9l 1 2000 4E 1 14.7% T+ 2 2020 4E
) 16.7% (3 5) ,J2& 2018 4EH E AT L NO, HEHUR (66.5 7 vVa) 7 1 34.0%, 53R NO, Y 3= E R IF 2
FEATBRRMREEAN TR S FEFE RIS MRS AR 8 A T6 NO |, e E B AGHERCIR , — 3 DTk it A 84.8% , i hr
WA FRHERT Al A RN SR HE R b 20 15.2% (32 6) o AT UL RARAS AT S IRBHFE AR AN i B A 1% v
T 2% EL X R NO, V5 YL i 45 B 6 B8,
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£ 6 NH,;#E% NO, F1N,0 KRR EHME/ Cg
Table 6 Sources and emissions of NH;, NO, and N,O

Pk e Y Year & %
Types Source 2000 2005 2010 2015 2020 Proportion
HAFER NH, PNE T 670.25 571.51 467.90 430.40 425.43 71.8
FiFr A be 90.83 94.84 96.93 99.85 107.16 13.7
B Ak 48.73 48.11 49.43 52.58 56.05 7.1
Lig-E ol 54.98 51.48 46.99 50.55 46.99 7.0
e 1.26 1.29 1.34 1.61 2.46 0.2
AR 1.84 1.88 1.91 0.78 0.38 0.2
AEMLY NO, TRk bR 107.35 112.08 114.56 118.01 126.65 514
LR 82.48 77.21 70.49 75.83 70.49 33.4
Ry ab 18.74 18.51 19.01 20.22 21.56 8.7
oAk 9.66 11.34 14.12 12.90 12.80 5.4
sk 1.90 1.94 2.00 2.42 3.69 1.1
FALTWA N,0 AFEIR 13.96 11.91 9.75 8.97 8.86 37.3
(AR 8.26 8.62 8.81 9.08 9.74 31.0
PEF HE Al 5.50 5.15 4.70 5.06 4.70 17.5
Ry Ab 3.75 3.70 3.80 4.04 4.31 13.7
Wise 0.13 0.13 0.13 0.16 0.25 0.6

12 20 4EH AR A TE N,O SURHE RN 28.7 Gg/a, 2915 KA Ne HEMUE 1 3.0% (£ 5) , J& 2015
AR EACH N, O HEBCR (38.5 J1 1) 1Y 7.5%, FERRTH RGeSk Ak Bl R 5C A f A0 AR R Ak i R HE
T N,O (B HECR 19 30.0% ) i A 57 28 28 PR HEME RIS FEAR e S A R AR TS N, O S5 22 A ST
IR, —H DTikE (5 68.3% (£ 6) . BIR,N,0 SMHE R & LR (B HAE R R CO, M 310 £, itk nk
NFERHARM Y AL E A TS /K AL B R G0 FA T 2 i Ak B RE T, DR R AR A i B A 136 v ()3 2% L A )
F N,O HESERMBHE,

2.2.2 KK Nr

HE ATKARIY Nr 294 458.5 Ge/a, 15 3 Nr HEBURE Y 32.1% , Hip S R G 43900 442.8 F115.7 Gg/a, /K
1A Nr HECR 230 0 S5 5 28t a3 (22 5) , DA 2000 4E 1 383.1 Gg B4 /N3 2010 4E %y 558.1 Gg, BT T
2 2020 1Y 509.1 Gg N, FFET 8.8% ; HoAr Nr HEACH Br o7 () L A5, HLDAAF 34 11.8% 3 38 Jin , A%
Z, 15KB IR AR KA Ne S0 B STERRA K 3.4% ,96.6% K A NFEFRA, X 58 T4 1B o7 45 5 —
o, AU ARG IR AU KA A HE A L 3R A PR KA T Y ) — A R A, R R IRAA F RS K
AbERFERT AR ZE TR A HE A KA LR O ARSI T 45k 8 4 1 T /K b BRI , AR K b IX K29 LA 10% 1975
KA B S HERL ™ PRI, I TE K A BRI it 15 7 BE DA B AR 1R 36 DR AA FH S5 v R AR S K PR T L I I 17
HEAES

H RT3, KA Ne HECR A E A b 5 B AR 16 2248 Ne B 7519 8345, R0 N HE X L NH, F1 NO, K
F o (EAEER R, RS Ne HE S H 2000 4E 9 74.5% T FE 2020 4E18 63.9% ; 7KAR N HEC & o 25.5%4
JNE] 2020 411 36.1% . 20 47 [8], H E AT i B AR ) RS RUKARHERUY Ne S &3k 7.1 Tg, BT 2010 4F
KRR 1) KA HE BTG P U (7.4 Tg) M X BRI AR B 16 N HERR A P e ST E i, 25 0,
FE A A Jo R AR 1 SR N 97 95 0 T 500 S NHL, F1 NO, AOUHE , /K4 Nr 8 5 67T S, B,

2.3 AHREYESHE

AHIRGE A TG sh e S8 R 2R A GRS R T R R S 2% S0k, AP AE— B IARHR e PE, Tl iR 22
3 B it otk i R A R T AR T T SR R R AT AN R AT, ok A BT S AR A 7 e R RN T
T Tl R S SR R R N 5% KA R R AR TR T 2 AU A S Ne HERGT S B0
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AHEERE N 10%—20% 50202421 151 2000—2020 4E FOOD, . ID, #l FUEL, i A6 & P2 5k 7.19%—
8.6% .21.8%—22.5%F1 14.6%—15.1% ; NH, \NO_ N, O FI/K A& Nr HEBH A8 E P 53504 16.3%—18.8% |
16.9%—17.6% \13.7%—14.1%F1 11.7%—12.9% , ASCHFH) 2010 4 FOOD, 2k 2.22 Tg, A¥H 3.30 kg A7
a”', 5 Cui % BFEY 2009 4R rp E AR E RS WAL (3.70 kg N7 a™) Bl RIAARBIFEZ LR
SRR T ORAE, A5 BORFSE I 3 ik B 1) 4 160 S b ) S AR o SCHR ISR £ 1 O TE B AR DG S B N
FEME, AT S A T A R A RS B

3 #ig

(1) Ny 2372 LT3 FOOD  Fl 1D 2 rh B AR i A T8 T 9 0™ A R 30 1) 22353, & N 5 BN
PEHI A E AL

(2)FOOD A5 ARE 26 91 2 o0 3=, (0 sh 0k 85 (RN 32 IR 28 F i G 3 76 32 3 389 10, FOOD , A 45 4
TEZMHT KA, B LR ID, 5 LUAEZW LT, A 2015 AR R H ™ A= it O i FOOD, . FUEL, f7H
WL R T AAL , FEFF A & 2 AR A e R 5 3 SRR EOR IR, 7 S R A R U 9% o EL IR

(3) Ny 19 25.4% LA Nr FIEHEA R SAUKARIREE . H AT UL, KA N HEBOR T B AR &8 R A 16 24
Nr J2 305 (8 =B340, 18] KAHER A N SR X LA NH,HNO, g 32, =2 0 2 vp AR B A 35 N HE 57 4 4
H AL, IR AZEZEIRHEM A 0 AL B e T, Wi D RS FHRORE A 18 Lo ), DR AL AT F R 2R 0 8 53 2 45 4 % A S
BT R G E T

S 2% 30k ( References) ;

[ 1] Zhang X N, Ward B B, Sigman D M. Global nitrogen cycle: critical enzymes, organisms, and processes for nitrogen budgets and dynamics.
Chemical Reviews, 2020, 120(12) ; 5308-5351.

[ 2] Cassman K G, Dobermann A. Nitrogen and the future of agriculture; 20 years on; This article belongs to Ambio’s 50th Anniversary Collection.
Theme: Solutions-oriented research. Ambio, 2022, 51(1); 17-24.

[ 3] Zhang X, Zou T, Lassaletta L., Mueller N D, Tubiello F N, Lisk M D, Lu C Q, Conant R T, Dorich C D, Gerber J, Tian H Q, Bruulsema T,
Maaz T M, Nishina K, Bodirsky B L, Popp A, Bouwman L., Beusen A, Chang J F, Havlik P, Leclere D, Canadell J G, Jackson R B, Heffer P,
Wanner N, Zhang W F, Davidson E A. Quantification of global and national nitrogen budgets for crop production. Nature Food, 2021, 2(7) : 529-
540.

[4] YuCQ, Huang X, Chen H, Godfray H C J, Wright J S, Hall ] W, Gong P, Ni S Q, Qiao S C, Huang G R, Xiao Y C, Zhang J, Feng Z, Ju X
T, Ciais P, Stenseth N C, Hessen D O, Sun Z L., Yu L, Cai W J, Fu H H, Huang X M, Zhang C, Liu H B, Taylor J. Managing nitrogen to
restore water quality in China. Nature, 2019, 567(7749) : 516-520.

[ 5] Yang A L, Raghuram N, Adhya T K, Porter S D, Panda A N, Kaushik H, Jayaweera A, Nissanka S P, Anik A R, Shifa S. Policies to combat
nitrogen pollution in South Asia: gaps and opportunities. Environmental Research Letters, 2022, 17(2) : 025007.

[ 6] ZhaoY Q, Zhou Q S, Hidetoshi K, Luo L L. Nitrogen flow characteristics of solid waste in China. Ecotoxicology and Environmental Safety, 2021,
208 111596.

[ 7] GuB, Zhang L., Van Dingenen R, Vieno M, Van Grinsven H J, Zhang X M, Zhang S H, Chen Y F, Wang ST, Ren C C, Rao S, Holland M,
Winiwarter W, Chen D L, Xu J M, Sutton M A. Abating ammonia is more cost-effective than nitrogen oxides for mitigating PM, 5 air pollution.
Science, 2021, 374(6568) : 758-762.

[ 8] GuB]J, Lam S K, Reis S, van Grinsven H, Ju X T, Yan X Y, Zhou F, Liu H B, Cai Z C, Galloway J N, Howard C, Sutton M A, Chen D L.
Toward a generic analytical framework for sustainable nitrogen management; application for China. Environmental Science & Technology, 2019, 53
(3): 1109-1118.

[9] GuBlJ, JuXT, Chang J, Ge Y, Vitousek P M. Integrated reactive nitrogen budgets and future trends in China. Proceedings of the National
Academy of Sciences of the United States of America, 2015, 112(28) . 8792-8797.

[10] Cui SH, Shi Y L, Groffman P M, Schlesinger W H, Zhu Y G. Centennial-scale analysis of the creation and fate of reactive nitrogen in China
(1910-2010) . Proceedings of the National Academy of Sciences of the United States of America, 2013, 110(6) ; 2052-2057.

[11] Leach A M, Galloway J N, Albert B, Bleeker A, Erisman J] W, Kohn R, Kitzes J. A nitrogen footprint model to help consumers understand their

role in nitrogen losses to the environment. Environmental Development, 2012, 1(1) : 40-66.

http ; //www.ecologica.cn



5172 JAE = 43 4

[12]
[13]
[14]
[15]
[16]
[17]

[18]
[19]

[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]
[35]
[36]
[37]
[38]
[39]

[40]
[41]

[42]

Barles S. Feeding the city: food consumption and flow of nitrogen, Paris, 1801 — 1914. Science of the Total Environment, 2007, 375(1/3) .
48-58.

Martinez S, del Mar Delgado M, Marin R M, Alvarez S. How do dietary choices affect the environment? The nitrogen footprint of the European
Union and other dietary options. Environmental Science & Policy, 2019, 101 204-210.

T, MR, RIS, SLEE, 2% ST REW RN 9L A S IR S — LUR T T o . A2 35274i, 2012, 32(19) : 5953-5961.
CERUL, BKIHEZ. S RV R RSB — Ui . 4225244, 2016, 36(8) : 2413-2421.

oL, XU, WS, BRGSO T ) RO AR S A — AR ). A2 252442, 2020, 40(20) : 7441-7450.

Gao B, Huang W, Wang L, Huang Y F, Ding S P, Cui S H. Driving forces of nitrogen flows and nitrogen use efficiency of food systems in seven
Chinese cities, 1990 to 2015. Science of the Total Environment, 2019, 676. 144-154.

AR, TAEAE, FOHEE, KSRT, k. TR TR REYE LRI, BB E k. TREORRR, 2019, 19(1) ; 78-85

BT, F, B, WK, SRERR, AL, R, IVEIR. R RO SR B £ 25 . AR AR, 2017, 37(13)
4573-4586.

Cui S H, Shi Y L, Malik A, Lenzen M, Gao B, Huang W. A hybrid method for quantifying China’s nitrogen footprint during urbanisation from
1990 to 2009. Environment International, 2016, 97, 137-145.

Xian C F, Gong C, Lu F, Zhang L., Ouyang Z Y. Linking dietary patterns to environmental degradation: the spatiotemporal analysis of rural food
nitrogen footprints in China. Frontiers in Nutrition, 2021, 8: 717640.

KR, BN, PR, SRBHF. i A T U AR 3™ AR RAL 3 RO N, O HEJB. FRBERE 254, 2021, 41(6) : 2487-2497.

E RS A s 2T Al hER RG4S 2001—2021. JE3T . PEISET AR, 2001—2021.

SAHIE, R, Sie, BN, R, DAk, @R, BaEkR, BT EAR RS kTR, et BleEdit, 2018.

A N RICHIE E R iR, P ESETTH4E S 2001—2021. LB PESETHE AL, 2001—2021.

BaiZH, Ma L, Jin S Q, Ma W Q, Velthof G L, Oenema O, Liu L, Chadwick D, Zhang F S. Nitrogen, phosphorus, and potassium flows through
the manure management chain in China. Environmental Science & Technology, 2016, 50(24) : 13409-13418.

SRE B, BRER, XL, B, ke, R, FONE, e, o AR A S A 7 A e W BRI ST AL B ARlk TR,
2017, 33(15): 1-14.

Gao B, Huang Y F, Huang W, Shi Y L, Bai X M, Cui S H. Driving forces and impacts of food system nitrogen flows in China, 1990 to 2012.
Science of the Total Environment, 2018, 610-611; 430-441.

TR, T EEYR R A SBR[ D]. K. KEMT R, 2020.

ERA, T, Bk, GE T RERFAGRIRA IR R, P EE A, 2021, 39(4) : 54-61.

TOKEE. R R REVR TN e A 25 AR AE AT [ D] 22 229K, 2017

Zhang ] F, Smith K R. Household air pollution from coal and biomass fuels in China: measurements, health impacts, and interventions.
Environmental Health Perspectives, 2007, 115(6) . 848-855.

FIELK. v A REIRBOR  BURPEA A0 S 5 5. P IEIREDR, 2020, 42(5) : 25-30.

WRE, BIER, R, FH—, TR, PR RINERAEGBRGERR R, RS, 2021, 34(9) : 2065-2075.

ESCHG, EAEE, AR, R, HEE, BN, SER. -3 OO R AR ARG B R IR TTER. FREERb, 2021, 42
(3): 1315-1327.

Pinder R W, Davidson E A, Goodale C L, Greaver T L, Herrick J D, Liu L L. Climate change impacts of US reactive nitrogen. Proceedings of the
National Academy of Sciences of the United States of America, 2012, 109(20) : 7671-7675.

ey, B, AR, BRI, WA, W, TN, &, 1R D ESERAT L HEEOE RSB RS T E SRR
2020, 40(4) . 1493-1506.

Dong Y, Xu LY, Yang Z F, Zheng H Z, Chen L. Aggravation of reactive nitrogen flow driven by human production and consumption in Guangzhou
City China. Nature Communications, 2020, 11(1): 1209.

T4 HE A HIG A (NH, NO N, 0) HERL B R A DIREAFFERT R [ D]. f45E : WALk R, 2017

Wk, Dbk, HER, Docar, BOb, BEK. SRE IR E a Wl S R G AR KRR, A, 2009, 29(11) : 6035-6041.
Leip A, de Vries W, Achemann B, Billen G, Bleeker A, Bouwman A F, Déring, Geupel, Johnes P J, Le Gall A C, Monni S, Orlandini L,
Prod"homme, Simpson, Spranger T, van Aardenne J, Winiwarter W. Integrating nitrogen fluxes at the European scale//Sutton M A, Howard C M,
Erisman J W, Billen G, Bleeker A, Grennfelt P, van Grinsven H, Grizzetti B, eds. The European Nitrogen Assessment. Cambridge: Cambridge
University Press, 2011 345-376.

QuP P, TianHZ, Zhu CY, LiuK Y, GaoJJ, Zhou J R. An elaborate high resolution emission inventory of primary air pollutants for the Central
Plain Urban Agglomeration of China. Atmospheric Environment, 2014, 86: 93-101.

http ; //www.ecologica.cn



