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The influence of urbanization on nitrogen flow and recycling utilization in food

consumption system of China
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Abstract; The fast development of urbanization has brought the huge ecological pressure and serious environmentally
pollution by changing nitrogen flux pattern. This article studied the nitrogen flux characteristics in food consumption system
of household between the rural and the urban inhabitants of China in 1982,1992,2002 and explored the influence of
urbanization on nitrogen flux and utilization by recycling through the material flow analysis method. The results showed that
the average nitrogen consumption per capita of urban inhabitants in 2002 was 4. 770kg, which was higher 10% than that of
the rural inhabitants (4. 314kg). From 1982 to 2002, nitrogen consumption with food by the urban inhabitants was
increased by 145.3% , but reduced by 8. 1% by the rural. With urbanization in china as meantime, the nitrogen dispersed
into the water body from urban households in 2002 was increased by 18.4 times as much as that in 1982. In 1982, the

difference in nitrogen recirculation ratio between urban and rural household was not big and both ratio were above 50% , but
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in 2002, nitrogen recirculation ratio in urban reduced to 13. 0% , which was lower 40 percentage points compared to that of
the rural. It was indicated that the nitrogen utilization by recycling would decrease significantly with increase of the
urbanization ratio and the change of lifestyle.

The scenario analysis showed that nitrogen consumption in 2010 will be increased by 37. 6% ( net increase of 1. 423
million tons) through plant produce,,and by 27.1% ( net increase of 538000 tons) through animal husbandry over 2002, if
food constitute for chinese reaches the standard issured by National Nutrition Council. At same time, the nitrogen in urban
waste and garbage in 2010 will increase by 1. 26 million tons, compared to 2002. Therefore, the fast development of
urbanization can not only resulis in large scale increase of nitrogen flux and environmental emissions, but also lead the huge

pressure to the animal and crop production.
Key Words: urbanization; nitrogen flux; recycling; China
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Fig.1 The nitrogen flow model in food consumption and environment system
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H L EAokA UARAEE 6 KR E REWHBLEHWERARTHERERER SRR AEZ =" &
YA R SRS RN HAIRIET SRR ™ RSt

1.3 B
BERESYHTES  AEYHFRAT WA TERRY, AHTEE R N THREA R 4h
®%,

1.3.1 ERFERYHENRENITE
RHMATERBRYHER, SYEBRRESADHE RN BEH SYNRESBSE X, AL
PERR BN AR BT EARNT
N, = ¥ (C; xN,) (1)
N, = N, x P/1000 (2)
Ref N, , A BER (ke/ ) 56, SWRE; C,Li FABEYEHE (kg) sV, ERTPRASE, RETX
BN, BEBEE (T O P AN,
1.3.2 gYEREEM
HARENEYRBE S TRAR AT E(E 1), P E—RREBE LA EM, TS ERBETXSRT
— UL, FlINEWRA SR JRABIR I THRASE R, P& AR X TH—$ RSBk 2
R NI i 2 o] s 3 2 10 (B R ) R S H E—Z A2 (IWEAR) REAR LA (INERER 5 &
ARBIWHD AR, B, E—REERKHTEARWT:
N, =N; xR, (3)
K, NESE XMW EZHE, NEFEW E—RNOBEZEE;R,, & N, k£ FE4E LG, 3R,
=100% |
EYWREAR LAE S EE SERSORES ", BERFBPEME 85% ~90% , A 4% ~5% T
$i5k 6% ~10% , B FARKLA 2% WARFTEAN ,88% B 2R HEH , 7% AR, HE 5 3% . ZRFH
R 25% FEA RS, SREAZE SRR RIS 78 HST 38 35 B -4k 26 M- 38T F Kl ” R B HHEA KRR
ATGIKALER)Ab T, A 2E PRARE FIRTE 60% LA B HAsE A RSAIKIRE 2 SRRk AN 2R IR %
B Ab AR Y5 KA N 1, WM RRSE YA ERIR, B TR ERT B E EA By R afE
Wi Arh I (R HEREANEE SeEskbE) (5202 1082 41992 4EF 2002 4Rk 4 B 3 iy Bk 1
FEAERGEH, ZERL LA 50% FJUFDEF 25% VEHENE 25 % VEtk B o2 18, B ab B = W 2.

1 1982,1992,2002 2010 {FFERATHR T HE HIRAEE  5AKLE R 57182
Table 1 The field rate,garbage processing rate ,sewage processing rate of urban and rural in 1982, 1992, 2002, 2010

S| Xl ERTHE(%) BiIF AL EIE(% ) TEK LI (% )
Ttem Year Field rate Garbage processing rate Sewage processing rate

34 Urban 1982 90 2.0 2.0

1992 50 28.3 8.0

2002 20 54.2 22.3

2010 10 60.0 60.0
A4t Rural 1982 90 - -

1992 80 - -

2002 70 1 1

2010 60 2 2

1.3.3  SRAEAL R B B R T SRAVIE BH) P B B 5 5 4T
L 2002 4EIR4EALFE(39% ) AT (12.8 12) SR ¥4+ (2002 4R E 35 A EER) /8 A RS 5 (S1)
FER 2010 4ESRAEAAE T 47% M N OBEX ) 13. 65 {25l b Bk & B4R 4 AR RS R (S2)
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2010 4R BRT RS (S3) EMEHR BT EEY S EHRRBRNE™ P EYEHEEER; (4)
BRI U ER BB A D BRI 28% | H/NSEIRTT 14% 45 5% A 53% % T a1 R
2002 SEEFRERIE; (S5) E/METT LA A JBE R : A0 O3 KIRTT 12% /N 19% 4 16% KAt
53% ) Yy sE IR 2002 SEE S ARER .

fE RS MR T AP MERMBRER R FF DRG0 FERRR T
mo ﬁ¢ﬁ%ﬁ§iﬁ%%ﬂﬁ%ﬁ‘%%?ﬁ%%m Table 2 The garbage disposal way in 1982, 1992, 2002, 2010

AbFE T ¥k Treatment method
MADERAS L M2 AR AR EERER T8 g0, (%) (%)
@Eﬁﬁﬁ*ﬂﬁmﬁ;ﬁﬂ:ﬁjﬁﬁﬁ@%ﬁ EElﬂ]/fEJFH Burn Compost Landfill
REFAFHRERAEIAHE S EYHEHR AR izzz g 150 zz
mﬁﬁ Hﬁﬂéifl‘ﬁ ° 2002 3.6 6.7 89.7
2 éﬁ%ﬁﬁ*ﬁ 2010 17 3 30

2.1 WEAMRNERHFTRENER
2.1.1 REGEMANERFAER AHRRBE R LR

REERESHWERSARUSYAE, MUBRKGERNDBHARETY (B IE) . BETTH 20
Ak, HEE REE REFHFEERE R, XFHER N B EEEBCE, RUES R YR BRA BTEREH
B, HREYHNBARTERERNEM(ES) ., ARERT, REERUERAHEIOVE, 5 BHRER 2%
~46% A4 A FSTE P B EOK T ShH 2R B B B AU S B 54% ~58% . RELE R R YTHTE 20a 7]
THET 25.4% , shHE R MIEIN T 126. 4% , /A& RELXRYIIE TR 20a M TRET 27.7% , ShH £ mdgin
T 202.2%  RAYE RSWIHE RS IH SO ANAY L) B AR LU IRER R RIBR L B R H A S8 8 (UL IR
JE RE37.3% ~49.8% , SEER RETHFELARARREE, W, WELH K B RO nsh Pk & b
BT SR LE

£3 1982 F 1992 FM 2002 FEHFABETERWHER (ke)
Table 3 Quantities of food consumption per capita per year of China in 1982,1992 and 2002

&9 Food 3%4E Urban R Ff Rural

1982 1992 2002 1982 1992 2002
K Rice 79.21 81.40 79.57 79.21 93.44 89.79
T #¥; Flour 79.57 60.23 48.18 64.61 68.99 52.56
H B A3 Other cereals 8.76 6.21 5.84 50.01 14.97 9.49
¥ Potatoes 24.09 16.79 11.68 83.22 39.42 20.44
¥ Pork 13.58 22.12 23.00 5.04 8.30 15.11
4= 2¢ K Flocks and herds 3.39 5.53 5.75 1.26 2.10 3.78
FEHE Y Chicken and duck 5.66 9.22 9.58 2.10 3.50 6.30
£ e /K72 Aquatic product 8.03 16.06 16.43 2.56 6.94 8.76
E¥ Egg 5.84 10.59 12.05 1.46 3.29 7.30
447 Milk 3.65 13.14 24.09 2.56 1.46 4.02
KB K4 Soya product 5.11 4.75 5.85 4.75 3.65 5.85
Bi3E Vegetable 110.23 116.44 91.98 117.53 112.06 104.39
KB Fruit 24.82 29.20 25.19 8.76 11.68 13.14

YRR P EERE SRR R £ 2002

BRYHEFHENEHFRRRXBAREARBEWERE, AARERBEAENERREHER
(F4)WLIAH 2002 455 1992 4F 1982 4E M b, R BH T BN T 49.9% M1 145.3% , KRR R B
HFEEUAK,2002 45 1992 SFHAKGF, 5 1982 FH BT 8. 1% o LA SIRBEA L, 1982 SRR AHH
PRYRE YR BRI 3.8 £F,1992 4F25 2.3 15,2002 4R340 1.4 fF. X AR R RN RAE FEKF I
RERDP AT
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4 1982.1992 12002 FHEFHES R ERAEHERPLILR
Table 4 The nitrogen consumed by urban and rural residents of China in 1982,1992 and 2002

PN R4 Urban R4t Rural
Year BRE(xTY ABEE (kg) BRE(xTY ABEE (kg)
Total N quantity N kg per capita Total nitrogen quantity N kg per capita
1982 97.65 4.632 367.13 4.604
1992 159.74 4.965 369. 69 4.349
2002 239.51 4.770 337.53 4.314
MIRERE R G RAKY R EE, 2002 FFIR4E B AR Vegetable N [ Z9HEAR Animal N
ERABEBRAR S 1992 448 LKA TR, B5 1982 100
SEAPA BT B, 2002 SERAE RS 1992 FEMEE & T
WRK, 51982 EM LA FTHE. TROZERRZ 2
REE R 20a SARYHEXEVE TR, TEERE  ~ o

HEYHRMETRE TR, AL2FERERYAE MR 182 192 200 182 1992 2002
B MERBTERM TILAERERFE LAV A Rural #hft Urban
B RERURMERAHBERAIL, 1982 FF @y e mRERTED S SO AN EE L
FHMEIIL, WM T 1992 4£5/0 2002 4, W B THRAM  Fig 2 Nitrogen ratio of the cereal and the animal food consumed by
53314 14.1% ,\10.6% , EE R H R IEE RALKAYFR  vban and nual inhabitants
ABTERBENEL, XN BABEREREN, FEE
WAEE RATE R ECE , RIE T st & WA & B AR HFl i 1982 48,1992 4E 11 23.4% \38. 4% L7t
3 2002 4F 1 43.4% ,20a LFT 20 ME D M. RMNERABERMRREE REA—EH2HE,1982 4,
1992 4E 1 2002 4R IR T AL WA LHI 2 5k 91.8% .83.7% 1 72.0% , R IE T sh k& W BAUX &
) 8.2% .16.3% F128.0% (E 2)
2.1.2 AEB S EREVARBETRNIE

BHHEARN EREECEHNEMERHET. RS EREEYHBEEITBENAYERER SRE
B, AT BB T B, /N A — 2R R, =280 B, 28 U RN B A1, e K3 A
BRBHEBPE IR EL 9.4% ~21.6% , /MR R 7.5% . BENRRHBEEE, P/MRT M KK
MARERPARAZARZHBNER, FEZHNEH2E SR 56.8%

25 2002 F£6 XMREREAEHRER
Table 5 Nitrogen consumption by different residents in 2002

A Type AIIEE N kg per capita( kg) {H %8 5. & Total N quantity(10000t) ( x J7 t)
KR Big city 5.002 56.48
/3T Small and medium city 4.651 123.19
—H&RFF The first type countryside 4.572 87.80
2R 4¢FT The second type countryside 4.19%4 199.70
=R FF The third type countryside 4.459 43.99
PU2 4 #f The fourth type countryside 4.112 57.52

2.2 WEEFRA R RRRWSIE R L8
2.2.1 EEFRAE REYITHBRBRSIE M

AT R R AAN B REYHEFROM I L E 6, BURETNE, 2002 4F Hh 1982 48,1992 4F
RAKRDFEMT 142.1% 62. 0% , i TR S HF H R REXE - BRGINA L, B T
170.7% \53. 1% , RUAF| R ANWER. I, BEERYIHE RS, SEE M I TR K hr ik R RAR
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K30 s WA AT B R RO RA BT, i THUR S P IR K.

F:6 19821992 f12002 FHANBHESRHKERFRRUAMTHEE( x T 1)
Table 6 Nitrogen flow in urban and rural food consumption system in 1982,1992 and 2002

3% & 27 Ttem 4} Year A F Eaten TRk Loss Bii% Waste
R4 Urban 1982 86.95 5.70 5.00
1992 140.82 10.45 8.47
2002 210.54 16.19 12.77
Z&#t Rural 1982 330.06 18.86 18.21
1992 330.54 20.39 18.76
2002 299.64 20.46 17.43

2.2.2 WEEMRNKE SRR 1R

MR T LA N R SRR RAETE KRR, SRR R RZEA RS BRI o B AR TR
I, RHEFEAKFPEFEI RGN T 18.4 %, 1982 45,1992 £ PIRBERIE REHH HRAE 6% \29% HA
IR, Thi 2002 4F NSRRI EE RAEHEH R AH 44% FEATKINGE . 2002 4538 AR LL 1982 4F 1992 4£53 5]
WD 39% 9% ,20a WA T 20.0 J7 to 2002 SFRITRERGHH IRA 19% ERHAKINGE,45% AHiEH
FIF , & FER 2002 4E 1 1982 4SR50 T 53. 4 J1 ¢, EARSIMRMEA 35% , HAR 1% B8 BURH .

7 19821992 f12002 FHFFESRHRAZHIERIER(x T 1)
Table 7 Nitrogen fate from eaten food in urban and rural area in 1982,1992 and 2002

3%, & 2 7 Ttem 4} Year JKIFIE Water K& Atmosphere i H Recycling T W Absorb
IR4H Urban 1982 5.71 30.93 51.68 1.74
1992 45.54 51.57 46.89 2.82
2002 104.97 79.55 31.69 4.21
At Rural 1982 21.73 114.59 200.63 6.60
1992 43.52 116.27 179.26 6.61
2002 59.18 107.40 147.20 5.99

2.2.3 WHEMRNRERYSIFK P REF I LML

MR 8 HILAE R R Y SRR SRR SO IE R RARE $R /7, 2002 4R SH M HE AEL B SR 20 3 2 1982 4F
i 104 F5A01 62 A%, FERIBH R GE N T 3 152 ; R B R Breshn, 2002 4F 1 1982 4F38hn T 49.9% o
2002 4F H 1982 44 B Yy 3 AR R A B RO R E AR Brisib

8 1982.1992.2002 FHEAMRARERWHBRPRAMEIIER( x 7 t)
Table 8 Nitrogen fate from food rubbish in urban and rural area of 1982 ,1992,2002

IR %2 5| Item 424y Year f# Feed HEE Pile set 138 Landfill 52 Bumn HEAE Compost
3%4E Urban 1982 0.25 4.66 0.08 0.00 0.01
1992 0.46 6.08 2.45 0.00 0.13
2002 0.86 6.98 8.31 0.33 0.62
A+ Rural 1982 9.12 4.56 — — 4.56
1992 9.42 4.71 — — 4.71
2002 8.77 4.39 — — 4.39

2.2.4 WEEFRNERAREIAANZESR

M2EE 2002 48 HA L 1982 4280 73.4 T o(RT) , WHRRBEHIAARTHET . 2002 FIRER
PEEFFIR RN 13. 0% , RATRIEFH AR 2002 455 1982 SFAHIB T HET 12 ~E 70, 1982 FIRERIR
MERIEIAFHRMEZEA R, 2 1992 SF A HLRAHE 21 AN E 2, T2 T 2002 42 RAEINFH R Z B E
B BEERNEME 2 NERR(R) . TR, BHETREE REALRE R KA 7 N8, RIEFA A

hitp : //www. ecologica. cn



1022 £ K5 % K 28 %
B KIEEE T o
9 1982,1992.2002 FEIMES R RERNEHRFAE
Tabal 9 Nitrogen circulation utilization ratio of urban and rural area in 1982 ,1992,2002

FEfy WHEAEAFIHE(% ) RN BEFRFHER(%)

Year Nitrogen circulation utilization ratio of urban Nitrogen circulation utilization ratio of rural

1982 53.2 57.1

1992 29.6 51.0

2002 13.0 44.9
2.3 SREALR BN EE R EER KR IA
2.3.1 AFRERTHHEYRRWHETFEE B IR Vegetable N [ Z047HER Animal N

Bl 3 3R, 5 2002 4E%F BR (S1) A6 b, 2010 4E4n R 800

BRI (S2,%4,85) , M BR M |
B3 299 MBAE AWM AN EER 8
By A ERE R NB R, WETHERY 2w
WRWL 142.3 7, WINT 37.6% , S A HRE =
W& 53.8 7 1, T 27.1% MMEPEEA ST
7115 J7WETEM , B0 B YT AR 24 T 33228 7 kK g EE EE IR
TR YIS R T IAR ) T, B o /NI (S5) He
BB (S4) RNTRBBRED 60 Ft £h, 1 B3 RRMR ARSI R
DE, , %%ﬁ %E 'f/tﬁ\iﬁ % ﬁ %%m R ZV_; % jtiﬁifh‘ %i@ /% Fig. 3 Nitrogen of the cereal food and the animal food consumption in
KR YR I B, T X SR A P I ) difleent scenaric

2.3.2 ARMERTRR=EMIESF R

MR 10 HTLAE i, 55 2002 453 i (S1) AH L, 2010 4R AR B WISAZE , READ3EIN(S2,54,85) , R
ETEERREN 42 ~ 101 J7 +, MR R AR 64 ~ 123 7 ¢, T B AR, B MR REMIL
B, JEI AR B E B 17 ~31 J7 +, AR U E R BRI 59 ~ 125 77 to MREN D
hnag R R E e R YA AP E SR RN B AR E(S3) LB = A B Z N 179 J7 o, H P g hn 126
T3 G BARTER AR ERIE I 167 J7 to TLRIRFER, RREFAAREB TS ~7T AR RERBRIE
W ($4) REERBR TER B /NET (S5) , BARREBTHZERENFAEREZFRAR(E 4) 3¢
SRR B P 1K MBLR AL AR R BRI

£10 FRESRTAESEREREMNARA

Table 10 Nitrogen in excreta and waste and its recycling ratio in 2010 at different scenario

BEER(xTTY) BEER(xTTL)

R BIRMBEE(xTY) BEEFOEE(<TY TEIFRE(%)

Scenario Nitrogen in excreta and  Nitrogen in excreta and Recycled Nitrogen Non-recycled Nitrogen N recycling ratio
waste waste from urban
S1 484 202 184 300 31.7
S2 530 270 153 377 24.2
S3 663 328 196 467 24.7
4 585 325 160 425 23.4
S5 526 266 167 359 27.1
3 g

BREALXITR o WS BRI T I E. B, BB ERYIFrHE T = RAE , ¥
B R WASUER &R AT UA H,2010 F R R A 8RB, K ER 3(S3) BB
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FMBHRN IR, BRBTRIHG, X—FRER 0
R PR M 2002 ERREEN 126 77 ([ 4) el 0 S
SIRNT 2002 4 BARBART AR RN 2R %
s e wE—pmmrmesAnmpns o BN BN
FRASCR M B AR T SR 4. 314kg (5 4) £ = | B\

B S4 BS5

N (7t

N

pas 1 L VN ) KEH AR
B EEICERABERBTHAODEFENE 2R ST 7=t 8 Product 48 Handing

430 J7 +, HER B R B T 400 7t ST RERE

LB TAZ— MBS TRERKXBAR, 44 Fig.4 Forecasted nitrogen in excreta and waste at different scale of
PRI K FIBLIRALBIH R B REIE S o HUGIBHE iy in 2010

BRI TGS, TR T SR IS S A 7 ok I

AU, MAXERTUUE H, R AR SN RS MR RER,2002 EAHEYHBRAREERS
HARRERRY 10% 55 2 YER, WINEL . EH,H Lk WA, BIRERIE T 2kg AW ke
P, T 4k A, XA SPRA T RABE K™ FREEER 3( 3 WER, MYHANRRNEE
142.3 75,3810 T 37.6% , i RIH T &L 53.8 J7 .38/ T 27. 1% 3 IEE Y ERAF S T 7115 7 t
T , 0B S PR RN X4 T 33228 T3k, BANEA —VREBENEWRREABERSI RS Em ", B
TEFR MRS FI R R, NI FR . ASCH R, 2002 B R R TR R & R ARHGE 32 4
Ao W, RS RR P AR R R R Ir 4B R B A HERL, Tl i T3 B SR 5 2K R Br 3 Ak 2 R
181 KR R HEHE A KRR R ST TR BT e, TRIE M 1982 423 2002 4 HE AKFR5EF A9 U
T 18. 4 FEAEAERAETT AKX AT Je ik AW Tix— &, B, AR EBREAHEBRA T B NE
OUT , BT AR P SR AR SR A MR B WA UL R R UL R FRIE | W)TH B 5 77 20 5 ] ) R S 1R i 55
ELB AT RINERTLIE,

FEREABGR—N BR EFALETREWANE K, KRR R B+ ERFZIHE .2
PERSCALEIRN . FRa MG E P RS HEZ  ARSHEREGR 2, XASBNHETRT —&
WX, AP ERRER BRI BRI IR, BAETE— S8 , bin, A SRR Br I i) 2 10 5 ik
K ARSI AE IR 50% HEAE 25% FHEE 25% #1714,

B4 ARBIEBEXT 2010 FARTEEBNTELER
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