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Changes in phosphorus consumption and its environmental loads from food by

residents in Xiamen City
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Abstract: Urban phosphorus metabolism is of particular importance due to the global scarcity of phosphorus, food security
of residents, and potential impacts on urban environment and peri-urban ecosystems. The world is rapidly urbanizing with
significant changes in living standards, including the quantity, quality and structure of daily food consumed. As a result,
urban phosphorus metabolism through food consumption, which is an important process of the metabolism, has been
significantly impacted.

The purpose of this study is to analyze the variation in food phosphorus consumption by Xiamen residents, its
environmental loads in 1988—2010, and to examine the associated economic and social factors by using the Spearman
correlation analysis. The key stocks and flows of phosphorus through food consumption were explored using a material flow
analysis (MFA) approach to develop a conceptual model of phosphorus flow for urban food consumption.

The results showed that there was a fluctuating growth in the total food phosphorus consumption, reached 1,128. 88 t
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in 2010 because of the resident population boom; and the dynamic change in per capita phosphorus consumption varied
between 315 g and 380 g, showed an M-shape with the two modes in 1998 and 2003. In addition, high phosphorus food
increased sharply. For example, dairy products and aquatic products accounted for 0. 3% and 6. 8% of the per capita
phosphorus consumption, respectively, in 1988, but the proportion reached 14.9% and 15.5% , respectively, in 2010.

The results of the correlation analysis showed that there was a significant positive correlation between per capita
phosphorus consumption in grain and the Engel coefficient, as well as the average number of people in the family.
However, there was a significant negative correlation with per capita disposable income, the food price index and the
proportion of college graduates. The correlation between per capita phosphorus consumption in other kinds of food, such as
plant oil, fruits, meat, eggs, dairy products and aquatic products, and these factors was opposite. The correlations were
significant negative between these kinds of food and the former group of socio-economic factors, but with the latter group of
socio-economic factors the correlations were significant positive. The variation of food phosphorus consumption was not
significantly correlated with these socio-economic factors, so these socio-economic factors mainly exerted their influence on
per capita phosphorus consumption in all kinds of food.

As the total food phosphorus consumption increased, the environmental load of phosphorus from food leaped, the value
in 2010 tripled over that in 1991. The proportion of phosphorus in the soil significantly increased from 59.7% to 85.1% ,
which partly due to a growing amount of kitchen waste and the landfilled sludge. Since the phosphorus mainly remained in
soil and water, the proportion of phosphorus in the water decreased accordingly. Other factors which may have influenced
the results are including a prohibition of phosphorus on detergents, and improvements in wastewater treatment. Thus, it has
become the most important mission to develop and implement efficient strategies to facilitate phosphorus recycling. Relevant
solutions for improving phosphorus recycling efficiency should be studied in the future to establish a strong coordination

between urban and peri-urban areas for nutrient recycling to attain sustainable development.

Key Words: urban residents; food consumption; phosphorus flow; environmental load; Xiamen City

BACHE A S R EE ORI Z — " WA S RS R R s R MR AR, AMEE R
FE R B2 4 IR BIAR A 25 R G BB I, O ] B BOM T HIEAUK RS B S R B
H SR Y B AR A B LA 2 — P B AR AL 2] T2 B0, BN Farge SFAR IS B YITH
PORARIEIT B AT 55 50T s A, & B R A AN L 41 9% RO R i AR IR TR K™ s Neset 2540 #7 T
it Linkoping 3 Y& WA 7 FH 2 R G0 h i 22 s 5 A% D BT, 2 B0 32 82 vl sh A v o ) A 7 AR A 1)
5 HEAYS ; Fissore ZEAFY Minneapolis-Saint Paul KR HT X A BEC, & 30 4 KB40 (0 R A2 JE R &
YT B PSR Y T S ARSI SR A XD AN ZERE AR SRS T 1985—2006 4F
A L3 T B 2% 5 | RS A A QOB AE B L S A K A S R 5 R 40 T AL BT R K HE 2008 4F A 38T &
W) B R U S BRI B R R IR R AR ACT ) (AZE A AT T A A 2 e TR S e R R S A bR
Bt BIFIE AN 22 L,

20 20 80 AEAR LISk, i Bk T AL E R G & R, Ik Tl S B T A A RN B A A = RE R A
R AR AR X3 T A S Sl ™ A T BRI, S A AR IOk T E R T, R, #E 7 3kh fhad /& rp
BYIH 25 R TT 2R A AR AR S IS e PR 3R A it 3 AR AR R MR oKk . AR A g 40l |
WA RS SRR TR, SR W R 4B 0 5 i, W T T 1988—2010 4 & R B Wil & it sh ik J Hork & 2635
KB F AT T 38, Tt — 20 %) f W 25 T 2% AR A U BB AT A T T IR
1 HxRRX

JE T T AR S AR B LR T A AL | PE 0S5 P i 48, Jb B2 SR N, R R 5 5 VS A I R 1) 371 5% Bl ¥ A
B R L B3R e R 6 AN X AL, B b AR 1565 km®, MEIEIFR 390 km® Y 1980 4F

http ; //www. ecologica. cn



14 4] ORI A I R R R R 9L A S IR S —— LU T S 4497

10 H 55 Be e oA 250 R X ISR, BT pad eph S b A 8 0 S At V555 140 0 B3 i ¥ 16 B2 /N IR AR g — A 3
RIS 4 AP S IIG BR 25 52 7 3 i i AR A s 11 IXUSenl iy o Bk ) 3k iy Al o) I 1 T 4k s & B AR
A=A TR AR 0 1981 AR T TR LA X T BUCA 12 km®,2010 4R EL 475K 2 230 km® 3 % 12 A T34
9% 353.1 J3, 2010 4EAYE RAEF SE (GDP) #9353k 15. 1% , A3 GDP i 5] 10000 370, B E R AP
Al S ECICA 29000 TG, 4% A A B R 2885 10000 JT, 7824 B Pk 36 1 (g [l s, BT 1] it s B B i o
HEEl 1988 4E1K) 34. 17 J7 t A48 2 2010 4518 54.30 J7 t, EAS R R B0 (BT S B8 AN AT 2% 32 H BB
FLEE) Il Hy 1988 4E14 65. 0% 1] 2010 451K 24.9% ) |
2 HRAZE
2.1 HdEskis

SR R R R T 1988—2010 4R JE [ AP IX AR Y Y (R gAY P DR JE )T
IR AR R VR AR B BT T T IR B S i S RN g ) ekt [RIAs, A (438 3+ o BT FH A 48 4 2 80055
FLAT IR I AT B A B 38 5 0 R SCHR PR A B A5 3 TR TR AR OGS AU
2.2 Wb

YIS (MFA ) SR 6 76— 52 28 Y0 6l PN 06 T4 2 RS0 0 sh AN A7 19 R Gk o ™, R I
Yy sl AR B SO AR ST E A, W 5T AT A A5 SR S R A A A B i AR
KB BN RA Y OV, IE BT 3B X — Sl AR 2 R R S R A A R AL T k2
RS S AT E N AR SCRAYIR R ATk, S Bsr s A A = R R RS Sk A
REWBEE s ik A2 Ml I T T
2.3 EYBERmITE

YA .

Wq = W, w, =w; Xg,

S W, il S E G B, v, g WIS i AT SRR 5 o0, 2y VISR i O ek, g, 9 U i
W AN R B A i LR 1

i

i

*1 FEEYHEE
Table 1 Phosphorus content in food

B P S N EP S BE C 5 S WA 4 A
Items Rice Wheat Corn Grain Potato Pork Beef Mutton
AV
ﬁﬁ:;?ﬁf (tg/g) 0.001419 0.001434 0.001695 0.001433 0.000628 0.001571 0.001896 0.001672
onten
N ; K7 FLtl ;
RS TIES #1 ez S o Hise KR o H
ITtems Meat Poultry Egg duatie Vegetable Fruit Y Plant oil
product Product
R
B\%E?ﬁf (tg/g) 0.001756 0.001543 0.001793 0. 002556 0.000425 0.000210 0.003598 0. 000087
onten
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AT FEATSC T R B R PR e A A I T K AR B A b SR R 2 PR 4 A AL F AL B, 45 BR YT
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Fig.1 Conceptual model of phosphorus flow for urban food consumption
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Table 2 Calculation formulas of Phosphorus flows

T H Items 1534 Formulas

SRR Total phosphorus of human manure BRI = A OB A8 R IR 5L x365

AR PR W & Rural phosphorus of human manure AR 2 PRI = AR AT 1 B N 34465 K 26 PR 1 < 365

IR ZE PR Wi Urban phosphorus of human manure WSS IR = MR PR - M ZE PR i

4 )55 17 W Wi i Phosphorus of kitchen waste A8 Jo i W A e = 2 T 0 o < A B W i

157K ks & Total phosphorus of sewage V5K BB = A2 1 V5 K x AR AL B 5 /K Wi e B

A AL HR V5 K B 5 Phosphorus of untreated sewage RAEERT5 KWt = AR TR TS /K< (1 - V57K Ab B8 ) x A A $5 7K Bl ok
15 Je Phosphorus of sludge V5 e i = A= 16 V5 K x5 K A B (R ADBR V5 /KB B - HER R
oK Phosphorus of reclaimed water FROK B = T K A - RGBS KB - V5

15K HE YRR I Food phosphorus of sewage V5 7K T YR = 15K R < HE T A A 5 T K R 1Y EL A

i AIKAEB & Phosphorus loading of water AT = X 43T 0 A K (AR Bi

JEA £ 3EW i Phosphorus loading of soil PEA L YR = X AT IEA R

®3 BIERRITESH

Table 3 Calculation parameters of Phosphorus flows

S Parameters P Unit BUE Value BEOKIR Source
NP RFE R Phosphorus content in human manure per capita every day mg 825 [17]
Tt I A w Phosphorus content in kitchen waste % 0.05 [18]
V57K 34955 B Mean density of sewage l<ym3 1000 [19]
AALHR VG K BV E Phosphorus concentration of untreated sewage mg/L 8 [20]
HE SR BEV E Permissible effluent phosphorus concentration mg/L 1 [21]

HEHE Py b o5 75 K BBk L

% 75 22
Ratio of excreta phosphorus to the total effluent phosphorus ¢ [22]
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Fig.3 Dynamics of per capita food consumption in Xiamen from 1988 to 2010
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Fig.5 Dynamics of food phosphorus consumption in Xiamen from 1988 to 2010
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Fig.6 Structural dynamics of per capita food phosphorus consumption in Xiamen from 1988 to 2010
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Table 4 Correlation coefficients between per capita food phosphorus consumption and socio-economic factors

. YNCLIE-2l N KENALE RECE T YNEE
2 A =Y
B R AR Per capita Fi‘(’?frl\:f f:fizx Proportion of Average number

Engel coefficient

disposable income college graduates of family members

A E & Per capita 0.115 - 0.098 -0.010 -0.117 0.205

A Grains 0.971** - 0.974** -0.727* -0.950 ** 0.950 **
F¥pil Plant oil - 0.684"" 0.761 ** 0.667** 0.673** -0.728**
JIUE Fruits -0.856"" 0.871** 0.715** 0.838** -0.827**
% B A Meat - 0.880"" 0.906 ** 0.630** 0.876 " -0.879**
EZ Fggs - 0.765** 0.781** 0.619** 0.744 " -0.729**
325 Dairy products -0.910"" 0.940 ** 0.739 " 0.917 ** -0.902 "
JK 7= 5l Aquatic products -0.795** 0.808 ** 0. 606 ** 0.797 ** - 0.760 **
1K Drinks -0.186 0.251 0.341 0.148 -0.111

3 Vegetable -0.101 0.133 -0.202 0. 141 -0.375

#ox FORHBENAKFEN<1% 5+ FoRHBENUKY N <5%
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