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Changes of residents nitrogen consumption and its environmental loading from

food in Xiamen
YU Yang'?, CUI Shenghui'** ,ZHAO Shengnan'*, MENG Fanxin'** LI Fei'’

1 Key Laboratory of Urban Environment and Health, Institute of Urban Environment, Chinese Academy of Sciences, Xiamen 361021, China
2 Xiamen Key Laboratory of Urban Metabolism ,Xiamen 361021, China

Abstract; Food consumption is an important process of urban nutrient metabolism. By taking Xiamen city for example, the
changes of food nitrogen consumption during 1988—2009 years were analyzed. Then the associated economic and social
driving factors and its environmental loading were researched. The results showed that changes of per capita food nitrogen
consumption of Xiamen residents were not exactly the same with changes of per capita food consumption. Per capita nitrogen
consumption maintained in 3.29 kg before the year 2000. However , there was a fluctuant growth after 2000, and per capita
food nitrogen consumption reached a high value of 4. 00 kg in 2004. The total food nitrogen consumption in Xiamen has
grown rapidly, from 5400x10° t in 1988 to 15000x10°t in 2009. Meanwhile, the proportion of grain in the food nitrogen
consumption decreased from 45.5% to 15.9% . On the contrary, poultry meat and dairy products increased from 25. 0%

and 0.4% to 29. 8% and 8. 8% , respectively. In addition, correlation analysis was adopted to find that the positive
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correlation existed between the per capita disposable incomes, food price index, proportion of population with college degree
and per capita food nitrogen consumption. Meanwhile, there was a negative correlation between the Engel’s coefficient, the
average number of family members, and per capita food nitrogen consumption. Selecting the year of 1988, 1994, 2001 and
2008 to analyze the environmental loading of food nitrogen consumption, it was found that the environmental nitrogen
loading increased from 3509. 12 t in 1998 to 7629.36 t in 2008, and more than 90% of nitrogen came to the soil and water.
During 1988 to 2008, the proportion of nitrogen which entered to the soil increased from 37% to 60% . Meanwhile, the

proportion of nitrogen to the water reduced from 57% to 35% .

Key Words: urban residents; food consumption; nitrogen flow; environmental loading; Xiamen
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P SR S 8 ANOGE IR RIS FRRN 8 5 A SABEH VI, FRh & Rd R P EY A
TH 2 722 A A ) T FEL R 3ok i 280 3R U Bl R ORI , S Ik R R A AR AR S 2 AR | (R 4 i 1) i R R R

H T, FE A A 25 D 2 0 BE IR T EISE X, DARIRTT REE A AR sl IE Ol . Barles X 2
R EYIE AR IRET TIHE 5B 1801—1914 4F AR T A M A K T 3 £, Wa ¥ &4 03t
BTENEAR A R EEY AR R RS, & B E A HRCREAR T i E 2R R TR
R IXBZ B s, Db B R B AR A4k, 15 Hh 3R E X 2 [ E R T s AP, B2 U & R
REARTFTRERE A XTI K B9 B R R W R A A g 50, L= e A
ek AL AT 1 T AR SE . A SCNFEE B YA R I DM B3 T 1988—2009 4F & [T T Ik i A g ik 72
TR BE YA AR O, IT 0 R B A T P A B IR R A, O R A R DK
JE DI SR R AN RIRBE R e S (R ARt | 1 A2 IR T T s R R
1 BT8R

JE 1T Hi Ak 118°04'04"E 24°26'46"N, v TR B R B VT g, T S B SR M7, WAl 5 V8 Vg e, 4l o
M IR 1565km” , TG BEIAR 390 km®, BT 1T 6 AMTELIX, A< 5l BB DX 90 HE DXAA) B, & AMELHE 1 i IX 4R
FX X B X, 321 AME, 15 M,

H 1980 LAJe, 1T [ RAE 7™ SUE (GDP ) AR B8 A0 20% , #F A 21 205 S 5 AR PR g
SRl BTN KGR | 2008 AR TR R D 249 J7A,2010 4E3RE] 275 A IEA B EAET
B JERAE A ARG KR 1988 AEfY 2236 TCHGK F 2009 4E1Y 36453 T, [RIET, A B 2% S 0
i AT TS 2 S A FE 1988 4R 93. 1% R R3] 2009 4E1Y 41.3%

2 HIEREBESHE
2.1 HdEskis

ARSC A FE B0 R [ 1988—2009 AT A JE I T2 B X AR ) 1) (Rt Ge i A4 ) 1 LA T i s B
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U MRHE AR EoK A BRI (N, 0) HEl T TSl KR ERA S RS i B AR
JE TG K A R BRR 5 IR H AT FEEA ok BT K S T TS R = =TT i 4556 1
AbJETFEE

2.2 BYWAEREITEINE

B R AR N W, =X w,

w, =w; Xp,

Kb, W, HIH BRI ERE ,w, AEY i BHTRE R R w, AEY)  FIHE, p, WEY RS, HE
AR SR A RS R IR R 0. 16 11, AR EWIMA ST R ILE 17,

®1 FERYELSE

Table 1 Nitrogen content in food

GBS KK [ig) EXK HA w9 K& £ =S A P
Ttems Rice Flour Corn Other grain Soybean Potato Pork Beef
&7 18 Nitrogen content/% 1.13 1.58 1.28 1.55 5.30 0.53 2.45 2.78
, \ , K7 s -
ik £y i I = S ST
Item Mutton Poultry Egg quate Vegetable Fruit Dairy Product
product
A& & Nitrogen content/ % 2.88 2.99 2.06 2.18 0.30 0.19 2.17
16 HALRHE &
BUH5TR
133
FIRIEH
BB i)
Ja Rt 57
- AP R RS
BiETGK ¥k ab R PG
UL | A

1l AKSEEESERHNEEE
Fig.1 Nitrogen flows in food nitrogen consumption

2.4 EBWRIEVE IR A A A

THEEYR R PG B A AT i, SRR A R W7 1), AT s 38 o B, 256 o itk AR
SOk HEFRAR R, EWARNE RS RNE 1 R, FEAR SCRYTT R A R R 2SR UL 2k A
BTG Ak i REEIR DA 23Rk 1R, £ 2 BAR TR AR 2 WoR iHRSHUL#R 3,
3 GER54H
3.1 HimEREYIHEEL

JET T 5 B 1988—2009 4F A& 2 M a1 s, 28 o AR R ol i 2 o, R 2 o]
DA Hi,1988—1998 AF[H] AS B WH 2 B AR ER R , PRIFAE 315 kg A1 -a™ Z647,1999 4F LU MR B
2004 AFiA N B {E 379. 38 kg N7 -a™'  BJE AUAR(D B BRI R BE () TR ,2009 4FF% 3 332.43 kg N7' -a™'
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Table 2 Calculation formulas of nitrogen flows
Wi H Ttems A Formulas

ANZEJRA I Nitrogen of human manure
it A Nitrogen of kitchen waste
75 & i Nitrogen of sludge

FEIRA I = N NI FE IR IR A

JEF A R = T A B i xR A U

15 PR B A = HE KI5 I AR AR (1=K ) x5 e & Rt

FE/K A & Nitrogen of treated wastewater FBAKAR=FHEEKAR(1-AERE)

A 5 & 2 8 Nitrogen volatilized from manure A TR o = 34 T IE e x4 K %

5 7K Ak B A HE T U Nitrogen emissions from sewage treatment SARHEBC R =B 15K B N, 0 HEBH 7
#EA RS A Nitrogen loading of atmosphere HAKRS A B =S & AKRS AR

kA +3EE i Nitrogen loading of soil EA LA R = S A TR PEA R

A KR Nitrogen loading of water

T ;
AR A & = X4 i A KR A &

£3 RERIHTESH

Table 3 Calculation parameters of nitrogen flows
Z R Parameters BT Unit HEH Values HIH Source
Jif 43, & Nitrogen content in kitchen waste % 3.0 [16]
NFEPRA & i Nitrogen content in human manure kg A7a! 3.83 [17]
REALE % Z Nitrogen volatilized rate from manure % 24.5 [18]
N, O HEji A F N, Oemission factor Kg N,0/kg N 0.005 [19]
V585 K Z Water ratio of sludge % 96 [20]
158 &% A i Nitrogen content in sludge o/kg 27.1 [21]
N3 £, 1988—2009 AR BLTTT G RIGA A~ 599

WO SRR T AR, TR R SR A T F a0

WIEEAIOK 1989 AR T TR RIFOR AL H einy £ £ 3507

12118 kg- A7 -a™ 2000 4FFREE 48.83 ke A a”, w2 T

WD TIEST. 9% . SILFIN, AR R BHRA S|

P A ARRE AN, FAERNAELER  £8 5L A A A A A

1988 4F[1 31. 68 kg~ A~ +a B 2000 4ELY 45. 67 P v

kge N7' wa, B3 H 96. 12 kg A7 -aTt K F)
106. 61 kg A7" ~a™'  RI43JI34K T 44.2% F110.9% .,
WA K B, B 2. 04 kg A7 -at K F
16.27 kg- N7 -a™ K T 7 %,
3.2 EHIHERANEYEARHTMEYH S A EZL

EI T ERA ARG 4 s, I8 a5 A2 IE A an & 5 s, 2000 4ELARTE ]
A BRI P AR E , EFFTE 3.29 kg N+ A7 -a™', 2000 4 LUJS , N3 ETH 9% i 2 B 3h v a3
£ ,2004 iR BB {E, 2 4.00 kg N- A7 -a™ o 5 AW T a0 A0IE DUAH LG, NS B AU 2 i Y
AL 5 IR 58 45, 40 2002 F1 2007 4F 35 2 IAH AR 1L, UL B YIH ST B AR I ORI 4
XTESEIR , MAEGSHE & R m A S BRI S s AR i B AN s i m , B i 2%
B B X AT SR AT — e

L E T EYRE NSRRI K, 1988 A EY AR T E RN 0. 54 J7 1,2009 43 5
1.50 J7 t, XATREM T A RIE S 5T T A DB LRI T8, A BT S A R I g il
R AR RN S P AT & ) R W 1 45. 5% FIER) 15.9% , MR, BACKRE BB U
T FE S B TR, A 25.0% F10.4% FTHZE 29.8% F18.8%

B2 1988—2009 FEITHTERAHMERMEZLESTNL
Fig. 2 Totals of food consumption per capita per year of

Xiamen residents
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3.3 T RATE T s R 5 —— ok ——EE —o— il K
GEYI P O ot AT Izl a0 ~ —E— MM ——KER —o— kR
JEREYE TR JH U A S L T e BEN e B ——

KRN KA AE B 0 SO AR N b 5 T 5 BE B W T
PRHIBIEIE &I, NYTT L EA AR R A B A%
TR S YN A, MU A 2 E I R B2 2L
BREMSRESYIHRKREE D A, KM
BRSNS EWHETEAR —EXR, FIL, AR SR
1988—2009 45 | Tt A rl S ECA  RBAS IR R B &
P A8, LA B B K2R (K& KDL ) A

g l)

Amount of food consumption

YRR/ (ke

0
TR PS5 LS S EO N AT 0607 SR e 200208
*2s T R SPSS 16. 0 #4T Pearson AHE/MT,
Eﬁ?ﬁ}ﬁl‘j?ﬁ}\ﬂ]ﬁ\%%{ﬁ %ﬁ]?&ﬂ‘]*ﬁ%?o B3 1988—2009 £EITHTEREXRVWAHEBEETH

Fig.3 Variation of food consumption per capita per year of

JE T e REYREEH S S A AT AT R
KPR a AN 3 Ps , N ] SZ A B i

Xiamen residents

g 457 . 417000 _

= —— \NHBaEWEHTE S
~ ‘0 —a— JGE T B 2 115000 E
“.“ = 0 F 17}
) E { 13000 _ 8
0 & 35 ) §D
2¢ 3 {11000 23 &
5 =2
=E 30l 49000 &
ZS e
&g 4 7000 S
ﬁ“a 25 ]

z {500 B

E <

E 2.0 1 1 1 1 1 1 1 1 1 1 1 3000

< 771988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008

Ay Year

4 1988—2009 EEITTEREVRERZETH

Fig.4 Total food nitrogen consumption per capita per year of Xiamen residents

B BHARFBRE (KL LU ) AORESEYA oS DkE BATR DEEN
ZW TR R IEMC KR IR R E WA . QR DHR BEX BRK
PREHE = H AR . KGR B PR E A oN0ARERAERRAARAARRF

B B R TR i B ARG HE P T o 0 |
TR A DR R R, 030 7 5
LM , BT S AR P2 AT i e
YT R I 24 | B 0 2 R R, M
T PECT R SR, SN AP ‘
(A A LI 5 T WL R A 5 T, PRt ofd i b

|

]
I

T
| PP

i

Ee 45 Proportion/%

T

+ IEECE T TR TN |
i 1
%, PR

L

£

I

i

e
T

£

I

I

i

e
T

£

I

I

i

e
5

R R RS R S, 5 — T, Doss 1597 1986 2000 2004 2008
1988 £E LUK, B T A= B BOR R HEA T, T 1] T 2 ML A Year
BOE WA/, PR SE N TR 410 NP R ms om0 £ EITHRRADEN RS0

3.16 )\/ F' L) , ﬁ%ﬁlﬁi% %E(ﬁ%ﬁjﬂyﬁd\ . ﬁ%(\ﬁ iﬁ'} Fig. 5 Structure of food nitrogen consumption per capita per
A o T PR U A B S AT 52 W S5 B N 44 year of Xiamen residents
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®3 BENHERAHNERHERESZEAREXE

Table 3 Partial correlation coefficients between nitrogen food consumption and various economic factors

K HHIFEL E
Factors Partial correlation Significance (2-tailed)
A A SZEZUC A Per capita disposable income 0.976 0.000
TS IR B BL Engel’s coefficient -0.879 0.000
LY HAEHEEL Food price index 0.925 0.000
HAFERE (KL XL L) AT Proportion of population with college degree 0.884 0.000
T FBENTEL Average number of family members -0.877 0.000

F4 BEREVHBERIRIER

Table 4 Nitrogen flows in residents’ food consumption/t

Sy 1988 4 1994 4 2001 45 2008 4

Ttems 1998 Year 1994 Year 2001 Year 2008 Year
Y B A Total nitrogen of food consumption 5350. 14 7344. 81 10182.65 14502. 12
M1 2 At Nitrogen absorbed by human 1717.38 2021.17 2323.89 3255.85
J5t A5 853 S H Total nitrogen of kitchen waste 123. 64 635.72 1424.36 3616.91
15 R IEHL A & Total nitrogen of sludge in landfill 220. 10 430.21 1074.18 2956. 41
FEIKHET A & Total nitrogen discharged from treated wastewater 1996.99 2746.87 3567.27 2673.12
75 KA N, O HE i N, O emissions from sewage treatment 24.26 34.95 51.44 64.29
JERHA B % i Nitrogen volatized from fertilizers 190. 17 221.38 261.23 290.33

3.4 JE T AR RN G B IR A

PR R 20 0 R — 000 O 4 S BRI A B 2R G IR | ) — A B A
— U R AR, 1K 2 A R R M HEM P HE AR S S A5 KA FR T, RS TS K AL B AR, — B4 A LA
SMIERIEAKAR, T3 —FB 4 iE A 75 Ve fe 2 g P03, LA WU i 47 R /K HE AV AR 4l b ol 2 B B 1988
1994 2001 2008 4FiE47 4307, 45 H i R EW R Z T S ah i o, ARG R gk 4 s, 2 AL L3 3L
TR PR BT R R A AR, S5 RN E 5 TR

GYHTER 4 T BREE RIS R, ST T 9000 [ o ypy
R ER AR, U R IR R AT § T ok
JKAETB . 1994 FFELIHT, B TRMN N OB Z 25k kR 6000
FERAR, 8 5T I e e 55 /0, o 3 B AR IR A R R 1Y

5000
4000 [

& & Amount of nitrogen/t

12% , MZEPRE B E 5 KA & 5055 B 27% .61% . 3000 |

51T 2008 4, Hi% 23 2% SRBOCL Bl mATs 5 2% | N N
KRR R DN 3200, oL bl D
T T K R R IR 53% . 53— Jr i, MR I L o

IIMT R R CR I et R (Y PR T e v 181 5 AT R Ho EITHRVAEEBERNTEARE

EREYAZH G SEE K AFES, T A2 55 % Fig.6  Environmental nitrogen loading from food nitrogen

SR B K R 5, 1988 47 il TR R EFR  consumption

TH P ok A R 85 40 G far B0 3509. 12t,2008 4F 39 il 2

7629.36t, 4 KREZFARIEA THERKER, Horp JE A B30 A R G AR AR B a0 il b 37% 3K 2|
60% ,iX 5 H T4 B b i R s K T B, i AKIRBY R HL Bl 57% % 35% ,iX P RE S 15 K A B T
RO R LBRRR S A 55, 1988—2008 AR [H], I B A R A A A IR T 10%
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4 itig
4.1 EWIHBRANDBEA S A

ARSI BT 9 LU SIS L T R A N ST 1 DX Il ) ) R R T s A AR S SR 2 A T T A
FUsh R s ST AL, W P ER R i sh i AT JoE AR I H AR B AS [ IR T ) R 2 1
PRI T, A o B AR A ], s K AR BE R K 25 1, DA SR SBT3 15 7K 75 e A By X A5 2R AT
RBAFIEZE 5 . FERTRINBE DAYl v A R e T % B R A 2R 48 2 Wil 22k 50 e i
25 5 T K AL R R 00, DL KI5 K AR B 23 BR R A8 A0 45 . AR SCIR IR (B2 1) 28 9% A DX AR 4 ) 4 A3k 119
B AK FEEEYTHEO, 000, £ N BRI S b T 7R, SCE T I B YA s o R AR
A AE R ; AN  TETTR R K HECR I 5 7K AL Bt | 02 B S A IO 403 ok B 1] T RO Jmy K 55 48 P 14
W, IRAFSHL, AR U RS SR A T S

Ji BRAEA A 2 T 2 1) — b B By 20, (R i ) RUBE () e 0 T 2R 5T, Tk Z G T ook}, A
SCBA W B, XTSI L AT R W RS A X2 S R AR Z — . Wl B 2 AR o)
WE5E I JE A A B B, VR A58 75 B2 (R e T S A R S8, AR RTS8 N — 25 #E 57 RGN S5 ST 4
P e, ST Al A S A
4.2 EITHEREYE AR R SIRHE

NEY R TATE TR R RN P i s e i, 34 2 25 4 5 AR A G, R B AOR B 7 R A3 ) i
MRS A G BN E T, EAMAEAT R, AR a3 A R B W & | S A58 0 B SR AL I e TR i
BT BRSBTS 2 T RE X K AR R — R R R
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