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Abstract: With rapid urbanization, the food production-consumption system is associated with increased nitrogen (N) flow
resulting in environmental problems. However, quantitative analyses of N flow during urban expansion and information about
their drivers and trajectories are limited, especially at the city level. In the present study, we analyzed the changes in N
flow and environmental load in the food production and consumption system of Nanjing, which experienced remarkable
population and economic growth between 1995 and 2012, using a combination of statistical databases, literature surveys,
and the mass balance model. The results showed that population density increased at the expense of agricultural land and
livestock breeding. Food production transformed from self—sufficiency to deficiency, resulting in increased food imports. The
rapid increase of the migrant population coincided with a rapid increase in gross domestic production, with changes in food
demand and consumption patterns. The structure of food consumption in Nanjing transformed from grain—oriented to grain—
vegetable—meat —oriented, and the per capita N consumption of food decreased from 1995 to 2012. In addition, due to
different living standards and food consumption patterns between rural and urban residents, the percentage of the per capita
decline for N consumption of food was different. The rural and urban per capita N consumption decreased from 5.09 kg/ ( per
a) and 3.04 kg/(per a) in 1995 to 4.11 kg/(per a) and 2.65 kg/(per a) in 2012, respectively. The N cost of food
consumption of Nanjing decreased from 8.40 kg/kg in 1995 to 5.10 kg/kg in 2012, and declined by 39.29%. The N cost of
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the food consumption was relatively low when compared to the mean in China, and decreased over time. Mean N use
efficiency in food production increased from 18.71% in 1995 to 24.34% in 2012 ; however, it was still lower than the mean
national level. A large amount of N entered the environment and caused severe air, water, and soil pollution. The decrease
of total N input, combined with increased N use efficiency in crop and animal production systems, resulted in a decreased
environmental N load from food production and consumption of 30.44% , from 100.49 GgN/a in1995 to 69.90 GgN/a in
2012. Regarding food production in Nanjing, environmental N load could be efficiently reduced by optimizing N fertilizer
management and using slow—release fertilizer. Regarding food consumption, environmental N load is produced primarily
from food waste and human sewage discharge. The effective collection and treatment of these wastes and the utilization of
these in rural areas is urgently needed. The rapid increase in the urban population from 1995 onwards has greatly
contributed to the increasing import of food and apparent low food N cost. As food imports increased with rapid growth of
urban areas in Nanjing, the N cost associated with the production and processing of imported food and feed was transferred

to areas where it was produced. Other regions with increased food production will be affected by large increases in N load.
Key Words: urbanization; nitrogen; food production—consumption; Nanjing
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THE SR 2003—2013 VLI GETHARSE . AR P AR B8 SRR T8 WL B Fo e R IRl
AR 16%4r5 A & i ORI & a2 1 R . B EE a2 6 A A 20 2 b r
SRR T SCRGOR Y W3R 2, J38h, i TA st Bt 4R ORI T Th AL RS A o
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Table 1 Nitrogen content in food

2 e i B 1A FEH GieN
Items Cereals Plant Oil Vegetable Pork Flocks and herds Egg
AEra Nitrogen content/% 1.55 0.32 0.30 2.45 2.83 2.06
Fhk K= ik KR KEAS i3] 2k 8
Items Aquatic product Fruit Cake Milk Soya product Poultry
%% it Nitrogen content /% 2.18 0.19 0.19 0.53 0.11 2.99

K2 BRERIETBRPIESY

Table 2 The main parameters during nitrogen flow

T H Items %A Numerical YRR IR Reference

A F HRMEY (525 464 ) Soybean/ (kg/hm?) 165 [31-32]
Nitrogen fixation factor 7K H8 Rice/ ( kg/hm?) 25

H ¥ Sugarcan/ ( kg/hm?) 35

HAth Other/ (kg/hm?) 12.5
KA VLR Deposition 22.7 [33-34]
TEME/K Irrigation 13 [33,35]
A HLAE Organic fertilizer FEAT I Straw to field/% 30 [36]

28R4 [0 Manure to field/% 45 [33,37]
i Feed FEATFARELR Straw for feed/ % 5 [38]

BEARAFRIZE Meals for feed% 70 [39-41]
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W%, (2) RATIREFIRERE, (3) ALRL, (4) 1, M1 (5) #E FE s S A5 (6) @Ik, (7) At A= 1y
N,O FI N, , F1(8) Whk L5 5 45 8B 73] 20 AR f4 I sl id e S BEA0HE (10) A AR P R BE AT 9%, (11) FEATAE N
AR, (12) shW A Fe BEABE T %, (13) REAHIIFERT, (14) T B FAE, (15) AFIR LB RBI, (16)
FEIR FEFFIEE, (17) BRBIRAE R Hoh (9) ARG R RIS AR BA R F Y . th TR EAR 22 17 5
PEICHEIR S AR SCHRPRERR T b4 e BB T, R i DA, B2 AN
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Ho R
Horf 1,200 n 18R IIH B MA 2K, S B FE IR 1 PR,
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Fig.1 The nitrogen flow in food production and consumption
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Fig.2 Changes in total production and consumption in Nanjing during the period 1995 to 2012
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1o by [24] , 2 mii . /s - 88 8§58 2 % 8§ 8 8 %
HZARRIN Y s AN A 2 LAY P ST, Riina 55 A5 Ky Year

SEIRRIAIT 216 1995—1999 4F A& AT $h i1
HE4i5%]6.5 kg A" a™';Barles 5 H L2+ L2 A
HEWRIEEEN 4K R 6.57 kg N a™'y KU E
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Table 3 Nutrient use indicators for food chain

B3 mmt1995—2012 £EFAOETK
Fig.3 Resident population of Nanjing from 1995 to 2012

W H Items 545 Indicator 1995 2000 2005 2010 2012
FIF2/% KH+EE 18.71 16.45 18.33 23.13 24.34
Utilization A Hl 25.67 20.38 24.57 31.47 34.44
B 9.44 10.26 10.67 11.25 11.14
BRI A 8.40 7.08 7.31 5.06 5.10
H o A8 hR/ % AN By W B LA 18.53 17.85 27.44 29.36 33.76
Percentage indicators WS B B Ll 35.72 42.63 44.71 49.59 52.47
HE YR ] 36.23 35.27 38.31 34.31 33.94
TEAF R 17.32 15.51 16.98 21.22 21.98
NEIFEHR/ (kgN/a) ARAT N IR L S R TR 4.15 5.21 3.64 3.20 2.72
Per capita index RIS N i JTH 2 0.94 1.13 1.37 1.33 1.39
AR ANBI B R 2 5.09 6.34 5.01 4.53 4.11
I TR £ U 2 1.95 1.62 1.57 1.32 1.26
LB B £ R 2 1.08 1.21 1.27 1.30 1.39
WL B A e 3.03 2.83 2.84 2.62 2.65
BB RN E FRIERS / (kgN/hm?)  FIAIRA 219.75 227.06 221.32 193.51 190.17
Indicators of unit agricultural land 48 23+ 75.45 77.12 74.69 71.41 70.36
T4 HEMRERIER
Table 4 Relative research comparison
N EYREIE T (kgN/a) BEYABEE SR (T )
[X 32, A5y Amount of per capita Amount of total nitrogin ZR R
Study area Year nitrogin consumption consumption Reference
Y48 Urban AT Rural 3 4H Urban A Hf Rural
H1[E Chinese 1982 4,632 4.604 97.65 367.13 [10]
1992 4.965 4.349 159.74 369.69
2002 4.770 4314 239.51 337.53
H I Urban of China 1981—2007 Bo: LA — FE—L3t, — ]

A RER LT
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ANB B A Pt (keN/a) BEYRHE SR (T )
X 3k Ay Amount of per capita Amount of total nitrogin TR SRR
Study area Year nitrogin consumption consumption Reference
Y4E Urban ARAT Rural I Urban AH Rural
JE AT Beijing 1978—2008 5.0—6.6 — [24]
S v 2000 4EZ i 3.29
JE 1] Xiamen 1988—2009 2000 42 )5 4.00 0.54—1.50 [7]
JE '] Xiamen 1988—2010 4.13—3.44 0.64—1.21 [4]
J& 1] Xiamen 1991—2010 — 0.6—1.26 [3]
7% 2% Finnish 1995—1999 447 6.5 443,34 [45]
%Y Paris 1801—1914 6.57 0.4—1.8 [21]
3.2 EWEE R B AR - M e R
e S > R il O HAKE v HFRG
YRR W A SRR 3 D DR R O

._.
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BY). 1995 4 mg T B W) HE A S A Ch 162,48
GgN/a, BEJG I 8 F & 2012 4R 116.42 GgN/a, ] 1a]
2003 4EIKF] T E ORI 172.25 GgN/a( Bl 4) . 5 1995 4F
FHEE 2012 45 B 3% A T AR A $ A 080 T 13.46%
AU B AR E S B YRR A R A SR T
BilH1 1995 4E1W1% 36.55% T B 2 2012 4F 1) 34.78% (I
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B ($£3), T, BB SRR N SO DR 2 8§ 8 8§ E 2 8 E g 8
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RN, B 2012 EHFEEMARMELDRIED 317 CeN/ gy sy 19952012 £ A syt R B S H TS 1L
a(F5) ARt B A B R T & B BY  Figd Changes in total N inputs and outputs in Nanjing during
RGN, BT SRR R MU W HE AR the period 1995 to 2012
B A AR/

AR YR R BRI E AL A AR R OEIE A BREE , A G A B (N3 PR IE
M AR H FEFFRDEME e ek ) R o Je ik BRI 2 ASM R G BR(ERS) . &K
FH PR 75 1 RO SRR R S IO sl PR 820, 2000 4738 B KAE 77.12 kgN/hm? 3 JE Y RIEA A BY)
B 1995 4E 1 27.96 GaN/a I EIE/0 2 2012 4E1Y 24.72 GegN/a, X FERME &AM Lo (%
3,%5),
3.3 BYEETh AR WA

1% 3 A1, 1995—2000 4F R 5t iR H R G AR A HFM 25.67% T 152 20.38% , Bl f5 — EZE T, 5] 2012
AEHEINZE 34.44% ; H B FIH R G AR A 1995 41 9.44% K236 0, 2012 4RIK F] 11.14% ; A H R GE A
BEFHABRRENGAFHSCRESE TG LIS HAERKMETRARENARZAHE, 5 TEFE
T ARG AR FI R X FEIEZ & S L D s m, T 2005 4K H RS E B FRE RS
REMZESFIHFRN 18.33% KT E B9 FHME 27% . st i AP 20 P10 i 1995 4E 11 8.40 kgN/
kg TREZ 2012 1 5.10 kgN/ kg, 33 3252 KR Bl 45 00T A7) & R o i A T T FHL G B 88 SR B RRE 8L/, B
WA pe i A RS R R SR T R E I SO W S AN S R, JE Rt 1978 4 F
2008 FEEW AR TN — H4EFHR1E 2.5—4.5 kgN/kg' ™!, [ 2005 4E &9 &2 A B E N 11 kgN/
k'™ BRI AT ALK AR TR, o A A R S S A T AL SO e W A SN R TR,

http ; //www.ecologica.cn



34 JEah A R AU T B A I T R R R T sh e L 7

5 EET 1995,2000,2005,2010,2012 £ 2R =MW FIH H
Table 5 Total N inputs and outputs in the food chain in Nanjing in 1995,2000,2005,2010 and2012

W H Items 845 Indicator 1995 2000 2005 2010 2012
i A Input /( GgN/a) A 9.01 9.83 8.01 6.70 6.58
KAV 9.50 10.09 9.11 7.61 7.24
WK 5.44 5.78 5.22 4.36 4.28
¥ 0.84 0.52 0.36 0.46 0.47
JEH 67.17 74.72 66.11 45.75 43.98
aipa 58.56 58.75 62.53 37.65 36.34
ey — — — 2.51 3.17
IR 1.44 1.64 2.06 2.67 2.83
58y 162.48 166.55 163.23 117.07 116.42
i Output /( GgN/a) NH, 31.53 32.79 30.41 22.65 2221
N,0 1.13 1.19 1.10 0.81 0.79
Wk 14.53 15.31 14.04 10.31 10.06
I 1.97 2.18 1.92 1.34 1.29
N, 51.32 54.10 49.61 36.41 35.56
TEAHN B Y5t 27.96 25.80 27.96 24.16 24.72
ShRGERM 34.03 35.16 38.18 21.40 21.80
58y 162.48 166.55 163.23 117.07 116.42
PEER /(GgN/a) Y 15.85 18.49 15.32 14.46 13.23
Recycling TR 0.90 0.75 0.95 0.87 0.92
HEREY 3.86 5.58 6.94 5.29 5.33
RBA RS 5.05 4.22 5.33 4.85 5.13
HEYE 28.08 23.56 23.58 14.61 14.79
NFEIR BB A b 19.17 23.30 22.05 22.59 22.26
FEIR FEFFIE H 24.66 22.14 24.26 20.47 21.02
BAER 2.40 2.91 2.76 2.82 2.78

34 S AR T

& 4 AT, 1995—2012 4F R 3 T B W% 5 I AR W PREE 0 far 2 B0 I 30 B R R 35, 1995 AR 4 5|
FE R R IS 77 100.49 GgN/a, 3| 2012 4E R[4 = 69.90 GgN/a, R T 30.44% , 530X — L) 3 F
PRI 0 1T A R 0 i o T A R 6 P T R 5 88 5 4 1 RO/ I, B e R0 3R 1R i A B 2 sk b T2z A R B
BFRIMAGRZ AR, DA RNIEE T 1978—2008 4F & ¥4k 5| A9 & IR BT 7 5238 i
P R RO G R A RN T SR, HLE e T B, S B Dy KR R, LR
i EZok A BYRH TR . FRUE AT UL 3T Ao B e 5 R 8 SR A B T A AT XL S, — s 3k T A K7
AT B AR A A 7 5 AR IR T bt IX 2y >R S B B Ay, SR T T AP o e 2 5 i R stk O N s
o3 T Al DX 0 2 0™ A IR B e B, AR P b R A P B R A A e R S R AR
R RSB AR,

A 7 I s R R T P A B R A B fr Rk ARG N B IR L B b, Rt i 89
PERGE A AR AR A9 DA ACAE R FH 3 0 42 5, 1 e 5t T A8 A szl (H 5 [ Ak A 2 A1
A L, e T AR 2R R R AR A, A WiF 5 2% B 3L % 5 mT LAt 20 R 1 FH 3258 3] 60%—80% ,
ACENOAT B B SRR AR i SRt R rp R B O fof — D T 2ok F B Ak, A D B9 sh
BN ORI | SE T BUE A B R W £ |48 A b 3 A A PHRE 368 ol o ot T SRR 70 g 174) EE B 4, TR e O
AR b W IR R B R s T A T I BLR AR, J) — A R A NG R 2% A1k
WA, G 433 1ot 26 PR AHE 0 B R 3RS 7 Ak B T LUl /D i3k B R 3 B 4 A K AR I A AT 3 B A
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