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Abstract: Consumption of nitrogen in food forms an important part of the internal flow of nutrients within human
settlements. Spatiotemporal variation in the environmental emissions of nitrogen from food consumption vary considerably
between the city and countryside because of the dual economic structure of urban and rural areas. In this study, we used
substance flow analysis to simulate the metabolism of nitrogen and constructed a set of models to calculate the quantity of
environmental emissions from the consumption of nitrogen in food. The models focused on the different levels of resource
recycling of the product after metabolism to determine the trends in environmental emissions of nitrogen from food
consumption and the differences between urban and rural areas. The results indicated there was a substantial difference
between trends in urban and rural environmental emissions of nitrogen consumed in food from 1993 to 2012. The roles of
consumed nitrogen in urban and rural areas, which consisted of the environmental loads in water, soil, and the atmosphere,
varied from each other. In terms of water nitrogen loads from food consumption, nitrogen in rural water played a dominant

role. However, the difference in nitrogen emissions in water between the city and countryside was gradually decreasing.
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Regarding soil nitrogen environmental loads from food consumption, nitrogen in the urban soil was the dominant factor. Prior
to 2010, the rural atmospheric nitrogen emission was the main factor that influenced the national level of atmospheric
nitrogen emissions because of food consumption. Nevertheless, after 2010, the quantity of urban atmospheric nitrogen
emissions exceeded that of rural areas, and became the leading factor of the national level of atmospheric nitrogen emissions.
Additionally, correlation analysis was adopted to determine whether a positive correlation existed between per capita
disposable income and per capita urban resident environmental emissions of nitrogen from food consumption. In addition, the
per capita rural resident environmental emissions of nitrogen from food consumption was negatively correlated to the food
price index. Based on scenario forecast analysis (SFA), we found that the growth of future national levels of per capita
nitrogen emissions from food consumption would be faster than the current trend because of the acceleration of urbanization

in China.
Key Words: Urbanization; Urban-rural differences; Food consumption; Flow of nitrogen; Environmental loads; China
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Table 1 Convert coefficient of nitrogen content in different kinds of food

= - ; - ; S IR it
1 RE o @% mE kR WX g E% e i
Items Grain Pea Vegetable Fruit Meat 0il Egg " uatie
product product
CE
18.17 58.08 1.76 1.60 29.22 31.10 20.48 5.28 28.77
Nitrogen Content/ ( g/kg)
*2 BEVERELHENITESH
Table 2 Calculation parameters of the environmental loads of food nitrogen
240 AL Bl P37
Parameters Unit Values Source
JE§ 4% L3 (Kitchen waste content in food consumption ) % 33.33 [26]
BB SR EE 3R ( The food absorption rate of human body) % 2 [27]
NARFEFRHEC L % (The discharge rate of human manure) % 88 [28]
AR % % ( Nitrogen volatilized rate from manure) % 24.5 [29]
AT 5T A B 3T F 8 & FRFE K HER (The proportion of kitchen waste used for rural livestock farming) % 80 [24]
N,0 HEA F (N, 0 emission factor) Kg N,0/kg N 0.005 [30]
A AARZE R 8] 1 2R ( The rate of human manure used as fertilizer) % 30 [31]
IR T AR ZE R & 25K ( The nitrogen removal rate of human manure) % 60 [32]
1.2 IR AN 2 pT TR 2
i S A EITTE AR .
n
W= %W, (1
W, =W, xP, (2)

i

b, W oy A 2R A W O AR 2R TS R WO B NI R S, PO
R EITERE, o N W RS
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1.3.1 32 8RN R i
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Fig.1 Nitrogen flows in urban food nitrogen consumption
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Fig.2 Nitrogen flows in rural food nitrogen consumption
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Table 3 Calculation formulas of per capita environmental loads of food nitrogen in urban area

I H Ttems

i3/ 2 Formulas

ST A 3 2

Nitrogen content in kitchen waste

NAREL i R

Nitrogen content in human food absorption

Ik AR FE IR 7

Nitrogen of human manure

ST B A L i A o 3 R

Nitrogen content in treated kitchen waste
ST B A B 3 P A R

Nitrogen content in untreated kitchen waste

SR Ak AR PR R

Nitrogen content in treated human manure
SRR PR B HEHE RS R

Nitrogen content in untreated human manure
BT e AU

Nitrogen of urban sludge

Ik R K HE R

Nitrogen of treated urban waste water
ST T DR ST M B Ak P A SR
Nitrogen content in urban food waste compost treatment
ITIT L it T DR BRI SRR AL B R

Nitrogen content in urban food waste incineration treatment

Y B AR 3 = A B Rl R S A xR AT H R

MR R R = AN B PRI St — AR B 3 A ) < A
T AR R

IR AR ZE IR R = (AR IR SUH B i - B b 5 /) x A
PR IRHERL LR

S A PR o A 0 R = i A R G e I TR A T R
To i AAL B

IR T A R IR R = SR T o A 3 R — I b
JoEE AR B3 R

Il i b A BRI S At = R T AR IR 5 U i K A AR

IR ARSI PR B HEHE RS R = T RS PR B R - R I e A
= K HE R U 5 KA B R

YR TS5 Ve Rk = SR A BEAARSEPRHFACE R < R E R R

T R AR HE ) R = ST b B A S PR FF AL & R > (1- R BR %)
STt T M I Ak T R = kT Ak T ) I A I R
B Ak B AL bE R

IR T o T B S e b JHL S A = R A B ) A R R
R AL A e L %
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Wi H Ttems 5 Z Formulas

T T 9% B R AL B 5 R SR T R S A A T R = R R A B S A a3 R

Nitrogen content in urban food waste landfill treatment B AL BB LR

i LR \ s N (1 A ft P HT ] 125 24

(IS W2 = T ML 0 2 X
itrogen volatilized from manure

= S e HE Sl L

AL AR AL i VKA RO = IR AT A3 TR HEHCf <N, 0 Sl 7

Nitrogen emissions from sewage treatment

HARIWE = HEATTFUE = ST £ I B 3 B e b PR R+ 5 K AR B

Nitrogen loading of atmosphere HEc + N 35 R A

HEA -3 R HEA 3R R = T BT A% I 3 T I G+ 3 s YR R+

Nitrogen loading of soil AT Y A e SR b B S

HEATKAA I R HEATKAH R = TN MR 2 PR b S+ S T R K HE Y

Nitrogen loading of water A

F4 REAHEREBERZRINTELAR
Table 4 Calculation formulas of per capita environmental loads of food nitrogen in rural area
T H Ttems 15503 Formulas
AN e A 3 R
n

AT BFA IR = B NI Bt PR B xR A LE

Nitrogen content in rural kitchen waste

A it W AT S B U = (N £l PR B i — B A a3 Ui ) x AR
Nitrogen content in human food absorption TR

VAZEUNL S ISEE R s PR AMZEIR &R = (NI IR 2 - I Ay b & R ) <A
Nitrogen of human manure PRZEPRHERL L%

AT 8 5 FRIH A B AR AT 5 I TH R 2 Ui = A o A 3 5 U >R T A R 3R
Nitrogen content of kitchen waste used for rural livestock farming TEHBIAN LR

AN JFF A LI AR AR A A B3R I A = A S A B4R % U AR 8 SR A
Nitrogen content in untreated rural kitchen waste TR

AT b PEAAAZEIR 0] FH 55 R AN b A PRI 55 o = A R AR FE IR B Rk x A i A A2 IR
Nitrogen content in treated rural human manure 5] H H %

A NARZE PR HEHR T & A NARFEPR B HEHR & U = AR AR ZEIR & St — AR b T K
Nitrogen content in untreated rural human manure FEPR A M E R

AN NPRFEIR ] 4% e S

Nitrogen volatilized from manure

HEAE A U = T £ 0 2 AR N A 3 5 R > B R K

ARSI EE Nitrogen loading of atmosphere ARSI EE =M A RIEIR 0] 14 L A &

HEA T E B Nitrogen loading of soil PEA TR R = M A B S RS AR

HEATKAR A & Nitrogen loading of water HEATKAR B R = A AR IR B HHECE A
2 HBRESH

2.1 EE G IREE IR S HE R R A S IR S 25

Spearman FRAHSCIMHT (r HFRAHOC R AL, W2 0.05 EAF BEACE IR FE) & B, OFFE 30 3 T Ffe iy A3
B IR AN SRR HE O AR e B 2= F U W, IR A B R IR AR A R W BT (=
0.7278,W,=0.447) : 1 1993 4F 3.73 kg A" a™' LA 5.34 %o B HE K 5 2012 4FA9 4.13 kg N7 a™ RS A1
A IR R AT HE A S 1 R R A (r, = —0.8692, W, =0.447 ) . i 1993 41 3.23 kg A" a™ ) 9.25%0
R RS 2012 471 2.63 kg N7 a™ (41 3)
2.2 AR SRS A AR IR S 25 S

1993—2012 4[] 4 [ £ i Y5 60T SR AR PR 1y 1 22 W 0 10 R Rt 3 (r, = —0.7835, W, =0.447) , nf&l 4
M 1993 4E1Y 2821.72 ki LAAEY 1.309% Y35 F 421 2012 4F 1 2206.05 ki, B840, AT SE a1
NARACI ™ 4 L HE O AR RIS 0T 9 1 Se et e T 8 AR, 1993 4R 2173.01 ke, FFEH] 2012 411
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2012)

1993—2012 4F[A] £ il 5 AUH 2% L HAEE 0 fip i R 0 3 BT EA#A (1, = 0.9949, W =0.447) , 1NI&I 5 M\
1993 4£:1) 926.58 kt Lk 4.17% A8 APk T3 2012 4519 2013.86 ki, Biss A , R A B4t 3
B L3 HE AT B R AR ST 300 P 2 IR R e 1 A ) SRR B RA %, 1993 4E 1) 352.76 ke F &% 2012 4F
1 216.30 ke ; 1M 36k i Jod b 3 ) ELHEHE RS & /Uit ZE MRS B P 2 LA 4 b T I PR R Ry A8 A i 3 i 1993
AE 1Y 222.69 kt B AE PR EFHE 2006 4F 1 398.70 kt, TG LAAER 1.72% 0 T M2l T2 2012 4E19 161.15
ket ST SECHE A B ) J6F A by 3 R RN T ¥ /KA RS U 5 R A 3 P AR 2 B R [ R A B R S, o
FIHERT 2.44 15F0 5.10 £5 . BE HHERREE R 20 R R FREE S AT DA 3T £ B I o) T kAR
B, PR T B Ay I S SRR A B LA R TV 1 A v 4 ] M AR PR G K ) FR R A

TNPEL 6, £ it PR UTH B K BREE 1 B 7E RIS 300 N 42 B e DR b A 9 (r, = 0.9393, W, = 0.477) : LU
6.15% MYAERG R 31 2012 41 410.01 ke, SEHA RGO 7, AR 1] A B ARACE =Y h AR5 L
HZAE N, 1993 4E (1) 228.16 kit Jii/b#) 2012 4E#8 139.90 ki, 3T 38 besb BREFAx b 3% 3k 7 75 7K Ak 25 72
R AAHIE I 388 T I Ak BB by 3R R R A R TRRR B A 15 G v S T A e Ak 3 A 3 R
FyE R A, PRSI 13.29 ke BJFE 2012 4FAY 222.39 ke, 20 4EEFETFHEK 16.73 f5, SRR
T, 1993—2010 45 [A] A 1] FE 3R JE T 28 ik 2 v HE I ) MR R 3R Dy s el 4 1 6 ot DR 20T 2 KRB 1R
fap B R E T 2001 4FLUG , DA T Jof 4 b7 3% B8 4 Ak 3T 40 28 () 3k i 280 38 RAHE R G K O 1
2010 AFRT G 2E B L AR /R KA HEGR , o e 4 B A R KA W R R IR E
2.3 A S TR N S PREE O A e 1Y) R e R R Y

ABE ST P TP S S S S T TF A & TR K A A MRAEAE 56 SR AR S
VR E 3K & FE RIE S A 85 IR 2 JE R 0] SCBCU A KT IR & T BB IR R Ik & SR V-2 RAR
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Fig. 6  Totals of Atmospheric nitrogen emissions from food

consumption per year in China(1993—2012)
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£S5 2020 FREFRERLEN
Table 5 The optimal nutrition dietary structure in 2020

; , o ; ; LIES K7 -
ESil A CES S %k = o B3k KR
. | Dairy Aquatic L.
Items Grain Pea Meat Egg Vegetable Fruit
product product
1l g o Jol -l
RS/ (kg A7 a™) 135 13 29 16 36 18 140 60

Food consumption

3 itig

FREIR 2 A& S IR AT P B HE R AR ek S 5, —Jy TRt TIR 2 8 R A E SR A i ARk,
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Fig.7 Totals of nitrogen consumption per capita per year of Fig.8 Totals of nitrogen environmental emissions of dealing with

urban and rural residents in China(1993—2012) kitchen waste per capita per year of urban and rural residents in

China(1993—2012)
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Wk HhEkn
BET MR T A R IR A s
AT A R HERE (Vi ) ST A T SR A (X, ) R P B SR MUE (X, ) kvl 2 7 e i
(X,) JRATE IR IERL(X,) 3 5 ANEBR | 20 BIO R HEAT S R
WL SRR T R AR

PR 1 BRLIIREY ADF KIG4 R ()
Attached Table 1 The result of ADF unit root test( Urban area)

2
A ADF K308 P {H B(e,t,k)  1%IEMME  5%IEHE  10%IEFHE T g2 SR
(' Variable) (ADF Test) P-value Test Type C-value 1%  C-value 5% C-value 10% Test Result
(e,t,k)
NP BALEHEK
Per capita environmental emissions -4.130107 0.0272 (C,T,2) —4.728363 -3.759743 —-3.324976 e
of food consumption
H#n
A ’]Ti@ﬂq&/\ . —-4.522975 0.0129 (C,T,2) -4.667883  -3.733200  -3.310349 Fa
Per capita disposable income
14 5% R FIAEL
" /J%JL,U}E . -5.379375 0.0030 (C,T,2) -4.667883  -3.733200  -3.310349 Fra
Average size of family
.
AR *%}1 —-5.589230 0.0021 (C,T,2) -4.667883  -3.733200  -3.310349 Fa
Educational status
A E1 A KK B
LGRS —-6.088542 0.0004 (C,T,2) -4.057910  -3.119910 -2.701103 FEa

Food price index

T o AU, T RI R 3 K SR i

TR 1 B 78 0.05 B9 R 3EKF R, iR O K005 i a] e 9 28 o . ARSI HE RO (V) S 0B E R
NEIA] STHEATK B (X ) SRR E R (X,) AR (X,) IBs ROE S s 38 50 (X)) M =B 220
PIAAEAE AR R PRRPS R B 2 — B BB P81 1(2)

BF 1.2 MR N SHERH DG A A H iR oA
BF 12,1 ST PR G A ]

MR 2 WHEREMEIESE ()

Attached Table 2 The regression equation of co-integration test( Urban area)

A3 Variable FHH Coefficient FrufEiR Std. Error T K346 T-Statistic i VE Prob.
AT 2 FRISCA (Per capita disposable income) 0.138062 0.040861 3.378834 0.0038
- 45 5% JE I ( Average size of family) 0.860895 0.269634 3.192825 0.0057

B F2E (Educational status) 0.035021 0.051958 0.674018 0.5099
SRS FE %L (Food price index) -0.114249 0.084752 -1.348042 0.1964

QB 2 BRI IO B ) 1993—2012 4FE3k 7T A #5735 ﬁﬂiﬂ%ﬁiﬁﬁﬂﬁF%ﬁ%@&
NHYATS RSB (X, ) SRR BE MU (X, ) (B2 #R AL (X, ) RSB R 9% ¢ 15 880 (X)) AT 0
AT, A

LNY g, = 0. 138062LNX + 0.860895LNX,, + 0.035021LNX,, — 0.114249LNX,, (1)

W7 BTl AT L AT 25480 ORI T B PR B Yo ) S5 BOSHEOR B UR B A T
WC A K PR 5 (X, ) IR BE I (X,) VR HCE LIS (X,) AEFE IEMIE X 2R, 5 IO B ) I B R e i
HTEE (X ) AFTE R
M 1.2.2 Ko sk

F_F R 2 HEAT AT ARKG B, 5% 22 P 91 75 AL, R SCR T ADF R , R 3 o ORI (] 34,
SIC E U B 7 i J5 B4R, R e 45 R an
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MR3 REFESLENTERRRKREFT ADF BIEER (HH)

Attached Table 3 The ADF test result of residual error without first order difference( urban area)

T ¥ 5 T-Statistic . Prob. *
C PPV,
Aot D Pl et st 2897957 0.0725
MG FAH Test critical values 1%7KF (1% level ) -4.057910
5%KF (5% level) -3.119910
10%7KF (10% level) -2.701103

TR 3 iR, RS2 3 ADF A /NT 1% —10%1 ADF 15 S8, BRI R 40 25 4 2 B3 i 75 &
V5 5% 2 P R AR E R,

Mik4 ZEF—MESLEHETEOEAFRERF ADF R R ()

Attached Table 4 The ADF test result of residual error after first order difference( urban area)

T ¥:56 T-Statistic 1 FE Prob.
b dickey-fuller W g it
—-5.30452 .001
Augmented Dickey-Fuller test statistic 3.304523 0.0016
M LA Test critical values 1%7KF (1% level) -4.121990
5%7KF- (5% level) -3.144920
10% /K (10% level) -2.713751

R R 4 s, — B 220 455 ADF {H/NT 1%—10% 189 ADF IG5 S, Fr LAUEBH — B 25 4340 P 4 A2 & 0] 5

JEFRZEF AN RFE R . IF BN 2 WAL B M e R
LNY, = 0.138062LNX,, + 0.860895LNX,, + 0.035021LNX,, — 0.114249LNX,, (1)

I DL A S0 AT LAAE H 1993—2012 AR NS IREEHE & (Y ) A R RN I8 ] SCRE R A K
FHEEC(X)) IBE R BE AL (X,) 2 BB (X,) S RIE S MRS 188 (X, ) ZIAAFE M C R
RhF 2 S A NI4T A G R 72 it R A B

PELAT NI E IR HEE (V) AR AP AU (X)) RFPEREMAL(X,) KRB i ig s
B(X,) 3 4 MR, A BIBORUR HEAT R
B 2.1 AR5 M PR B AR A 5

MRS ERAIIRAY ADF #IEEER (KRH+)
Attached Table 5 the result of ADF unit root test( rural area)

Ko 4 e A
AR ADF K3 {8 P i (e,t,k)  1%IEFHE  S5%IEFE  10%EFE  KIRER
Variable (ADF Test) P-value Test Type ~ C-value 1%  C-value 5% C-value 10% Test Result
(e,t,k)
NI E I
Per capita environmental emission -3.848061 0.0102 (C,T,1) -3.857386  -3.040391 -2.660551 T
of food consumption
>R W
Aﬁji&,q&)\ . -3.241286 0.0390 (c,T,1) -4.004425  -3.098896  -2.690439 T
Per capita disposable income
S A °F I AL
I J%fﬁ)& _ -6.916752 0.0000 (C,T,1) -3.857386  —3.040391  -2.660551 Fha
Average size of family
=] oy
o i -5.247278 0.0037 (C,T,1)  -4.667883  —3.733200 —3.310349 FFa

Food price index

TE o ARFEUE RS kW5 B4

IR 5 AT, 78 0.05 B /KE T, BB IBOBUS 145 I8 1) P 910 28 k1) — B 22 93 e S AR AR
RISEFARP S 1(1) o B ATRA TR HOS BUR AR AN ] ST (X)) R EI ZERERLBE (X, ) AR £ il
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PR FEEL(X,) FHOSEURARAT NI BB HERE (Vg ) BEATERRE I
WF 2.2 BRI RAEE N 5 U o B
BF2.2.10  ESAN BRI 1A T e

Mizk 6 MhEQIE DTS TE (RH)

Attached Table 6 The regression equation of co-integration test( rural area)

A5 Variable Z B Coefficient PR Std. Error T K T-Statistic 1M Prob.
NIGA L EMA Per capita disposable income -0.018207 0.047297 -0.384957 0.7050
SR BERE Average size of family 1.057105 0.067340 15.69805 0.0000
A% FE 2L Food price index -0.045064 0.047633 -0.946072 0.3574

MR 6 iR X 1993—2012 AFBOMEUR AR N BIPREEHE R (V0 ) 5 B BUR WA RS AT

TRCMLAACEHEEL (X, ) AP (X, ) AN 7 R S M AR RSB (X, ) AT UL A, A5 2 Bl 5 7 72
LNY, 4y =- 0.018207LNX,, + 1.057105LNX,, — 0.045064LNX,, (2)

MIZTTREFRAT AT LA A] 4] 25 45 2801, BROS 80U 19 AR A 5 IRASE (X, ) 5 BBORH U B9 A A N 18 B8 58 HE ik 2
(Yyep ) FETEIEA R R SO U A AT i B A W] SZECIATK AR (X, ) AR T B 2 AR F8 5 (X))
FAESRAHR KR
R 2.2.2 K s

X} b 5% 25 EA T B AR KR B6: , T 5R 22 17 9102 15 TR, AR SCATSSR R A ADF R 36325, AS & BRI a]
B Hh SIC = R S YL, R A5 R

MiR7 REFESLENTEDRFKREFT| ADF BIELER (RHT)

Attached Table 7 The ADF test result of residual error without first difference treatment( rural area)

T K356 T-Statistic .M Prob. *
Lo IS
et ik Fllot 1 st s 00017
I A Test critical values 1%7KF (1% level) -4.728363
5%7KF (5% level) -3.759743
10%7KF (10% level ) -3.324976

R 7 Fis , REZE MR ADF {5/ T 1%—10%14 ADF Iifi S, BIIA K R £ 25 43 b B A 728 0] )
Je ER 2P HRARE 1Y, FE R 6 nT LK B A P s R R
LNY, =— 0.018207LNX,, + 1.057105LNX,, — 0.045064LNX,, (2)
It DL DRG] AR 1993—2012 AR AR NS IRBEHEICE (Ve ) PR JE BN F8 AT S BE R A K
HRE(X,) AP FRIEREL(X, ) AHTJE RIS SIS TE 5L (X, ) ZMAFAEMEC R
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