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Ogm = z(unp.l x Pa.l) Y]
Ogs = E(Unp,l X Pgy % Rres,l) X Rygs—s (8)
0a-q = lg-q 9

BB, Ol OWTRAMIVESL LTRDE,
b) AM&EZFETOEX

UTDORKA0)(ISHZTEI D E LT,
(10)

In—h = Op—g + Op—g + Op—mn + O

Ipon = Uex X P 4 Ugy X P+ Upgy X P (1)
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Ogern = E(U:,l X Pgy x Hl) (20)

0s_p = T(Uey X Hi) = O5q @n
Ines = (O5-q + Og—py + O5-0) X Ry (22)
BB, L2V THA(6)L D ESSE LTRDE,
dHRIOLR
BAFOR@3)»G)IED bD L L,
loem + ey + lsern + ’/-m +loon = Omg

+0mpn + Ops + Oy (23)
loem = 0aem 24)
Ihm = Opm (25)
Liem = O0s-mm (26)
Opeq = In-a 27
Om-n = Im-n (28)
Ops = I 29
Opn-o =0 (30)
lyom = Uy X Py G1)

B, Opo BLY Lnid, T ORA~DOBH
BRELURADLTTIB~OBAROIIRERL LT
Bol, 7T ERORKEREND, REKDIK
PR T BT DICIE Lt Ono X LBIBZVERH D
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£B-2 =TFYVTFATO—FEFAOEH—K

Symbol _Explanation Unit Data
Un Unit phosphorus amount g/cap/day 10 !
in human excreta
U, Unit phosphorus amount ~ g/cap/day !
in greywater
Urban district 0.6
Suburban district 04
Ueee Unit phosphorus amount g/cap/day 083 ?
in organic solid waste
Ues Unit phosphorus amount ~ g/head/day ’
in livestock excretion for
livestock i
Cattle and buffalo 256
Pig 113
Poultry 12
Ui Unit phosphorus amount ton-P/ton ‘
in agricultural product i
Rice 0.0026
Maize 0.0011
Tuber 0.0015
Uay Unit fertilizer use for ton-P/ha  Investigated
agriculture in this study
U Unit phosphorus amount ton-P/ton 3
in stockbreeding product
for product i
Pig 0.0018
Cattle and buffalo 0.0016
Poultry (meat) 0.01
Egg 0.09
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8-2 =FYTATa—EFLOEE—H (@)

Ff-2 <wFIVTNALTa—EFLOEH—K (HX)

Symbol Explanation Unit Data Symbol _Explanation Unit Data
Uy Unit phosphorus amountin ~ ton-Pton  0.002 4 Py Agricultural production for  ton/year "
fishery product : product
Rae Ratio of excreta used for - Investigated -Urban:  Rice 8,209
sgriculture in this study ;“’S f;‘;
Ratio of greywater used fe - Investigated u
Fre -:ulom used for R -Suburan: Rice 1,166,345
wen in this study Maize 104,326
R.ws  Ratio of organic solid - Investigated Tuber 38.620
waste used for sgriculture in this study Py Production capacity of a tonfyear 13,260 "
Rua:  Ratio of livestock excretion - Investigated composting plant using
used for agriculture for in this study solid wastes and septage
livestock / collected by a public
Re Ratio of farmer using - 0.96 ¢ company
irrigation Py Livestock production for B
Resi  Ratio of agricultural - ’ livestock {
residue to production for Pig ton/head 0.096
product i Cattle and buffalo ton/head 041
Rice 053 Poultry (meat) ton/head 0.0016
Maize :);; Egg piecelyear 150
Tuber - P Production of fishery ton/year n
Recre Ratio of agricultural - Investigated Urban district 2,769
residue used for agriculture in this study Suburban district 33,822
Ress Ratio of agricultural - Investigated 1: Busser & ¥, 2: Kawai', World Bank'? 35 LUt WL 0 5
residue used for in this suidy N, 3 hHL P, ARERELAESN Y, L', B
stockbreeding LGB ARBERRBFIRR T v V= 7 PHRSF— 4
Res  Ratio of organic solid - lnvestigated DR BHIRE (REMHORSEIIOVTRELD TR |, 4
m“’“‘,f‘" in this study PR DB L Thy & 'OL D EENER, 5 XBHEE D, 6
A breeding . Ty & ', 7: Rf2 ', 9: BRBSLUAEH 9, 10 ICA BI U
Ro  Rubofmataledwdl - e pon g1 (STREAE~OMERY, 12 HSOY, 13
. stockbreeding ot mgl “; 0043‘"‘” . 20022005 F£D ) £ COFHH, 14: FAOD, 15: GSOMB LT
S BOSPhOTUS COncenation ' BHKES 0L MY ETRRRHR O OEERL FENER,
C Phosphorus concentrationof  mg/L 10 T | 10 mwﬂ_&f?&%ﬁ&t:ﬁﬁ {FolM, ZI TR
irrigation water BESOILIBROLBICTT,
Urban district 0.55
Suburban district 0.24
C. Phosphorus concentration of % 0.5 n
= compost produced by a 3. ﬁﬁt%g
public company
P Population person  See Table | s . 1 —
H ot oF livestock i headlyenr . (1) FLBEKRBEUREHR b)—L4
“Urban:  Pig 71,085 ) ATHTR/ARTO b A LBEKETRIZOVTOA
Catile 4,506 VIV —KERE, b LRBAGREDRICHHE
?25‘;';’ 158109 NRBETHORFY—us LTES 17T, &big,
-Suburban: Pig 1,539,454 M X & DD, Harada 5 Nz & 2 RHEOH
Cattle 2;;’203 HETCHR b Y —LREEREE-4 IZFT, N/ A
Pouty gt HBARTH, B O RS VREK (563%) 24
P, Precipitation mmlyear 1,733 8 LEEHAESh TV E—F, SHETCIRXRL0 b
S Amorhmmin o ha " g uirkBEbEh, BROGICEREA TV, B
ct
i 440 WRTA L TERER ¥ 28T, ERTARICHA
Maize 1,317 AEedt, A CRTAEBHOENDLEDOKER
Tuber 171 N3/ z X
Suburan: Rice 204590 5ix, FARLBBEZES Z &2 KREPICHIT
Maize 24,524 ha,
Tuber 4,983 WA KISV T LRSEE b A LA I5%RBEERIRAE
I, .Av;r.age imigationamount  m’/hafyear 16,200 " RTWET L RERIET S (E-3) . “hid,
in Vietnam

1950 FEfRICE LI T AICEA SR, KEE
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Septic Tank 30.7% ( 69) m&mpwmm 15.2%3“ % ag;
Open channe! 13.8% ( 24
Privatotollet 97.7% ( 170 ) Blogas Tank 8.3% ( 11) el ¢ 4
Toletwastes fom Flush Tolet 5§5.2% ( 98 ) —| Tank 0.2%( 18) Agriculture  6.3% ( 11)
househokd in riculture 6.9% ( 12)
suburban Hanoi PitTollet  28.4% ( 46 ) Agricultue 26.3% ( 44 ) Aa
100.0% Dischage 1.1%( 2) Dischage  23% ( 4)
Urine-diversion15.5% ( 27 )
] toilet A Agricultue 185% ( 27)
=174 Feces &Urine 8.0% ( 14)
Discharge 2% ( 2)
Cutside [Fem 7.5% ( 13)
Neighbor  1.7% ( 3)

B3/~ A FRAKIZHIT D b LRIBEKDR b ) —L@=1d) iERNITY o AR T,

Privato tollet of single-unit houses Septictank Sewer pipe 775 %(4.8)
89.7 % (3.1) 80.5 % (4.5) Open channe! 1.4 %(0.4)
CFiollet  702% (5.1) with greywater (3.5 % (1.6)) Others 1.8 %(1.0)
PF toilet 16.8 % (4.4) without greywater (77.0 % (5.8))
Tolletwastos fom VUD tollet 1.3 %(0.5) Open chnannel 2.7 %(2.1)
households In WNUD tollet 1.3 %(0.8) Sewer pipe 25 %(21)
urban Hanol Othars 0.28 %(0.34) Watsr body 0.72%(0.34)
100.0% Pit 043 %(0.22)
n=692 Private toilet of appartment house —9 Septic tank - NoOt sUrG
(FAH toilet 8.7 % (3.0) 8.7 % (3.0) 8.7 %(3.0)
Publictollet —————————— Septictank ——————————p Notsure
(FP toilet 1.3% (0.8) 1.3%(0.8) 1.3 %(0.8)
No toilet 0.29 %(0.21)

B4~/ A TEBAIEICEI D b LiIEKOX b Y—2n(Harada 6 V), F— i3 HGR Y 7Y L /I E-S%, $E0PIIHES
2BERY, 728, CF wilet, PF toilet, VUD toilet, VNUD toilet, FAH toilet, 5 X TF FP toilet iIZFNZhkii b1 L, K
KMV, RRSBEWE M L, BLUERRHBEUIE L1 L, MEESKER L, D30k bALERT,

REDHLE - REANBTIHIRO b1 L THB,
BRERICET2REICHRT L - HEXRBOT Su—
FLLT, BEHEOHIK CEEHED 5 VT
NGO R ¥IZBY EiFbh T3, b b4t
ZORBOBEEFOELLRVHIKTHE LOD,
WERAKRE RS VICREMNZONDDH B, ik,
IhOHIRTIE, MARKLIIRZ2YBRIGORR R
B, FEICBASRIKE A VizkAEBOE
FHEHBEKBEITHEREZHEHTIHLOLBL,
BARICBIT DRERKOFABIEREIEY (o4
TH) . BRERHE, BIUEEEROBTRBMEIC-
WTDA P a—#R28-3, 4 BXUSIcEL
B, WTFRIZONT Y, KBS ERD DVITE
EOEDIIABFIAIhTWA I LBghot, &
BIELVFRAFERIRRY, FEAEOHREEE
BIIKESy (19%) BEEFAESNLTHE—F, B
R TILIZITES (53%) BBREMNAIHh, G
BEHTIEEHIIR LI LODEOKBHMNRE
FRShATWE, %K, BERICEALTIE, 2E%
HHCTREFBEINA TV,
TRENDELFIAFEICSOVWTE, FEHED
| HBEREES T, RFICLI3ERE, —BHTH

£-3 BARXTORERROARIEREHERRBON

"AER (0=171)
Item Proportion
Used for agriculture 4%
Used for stockbreeding 79%
Used for others 5%
Discharged etc. 12%

84 BARTORERBRETERBEORALER (0=171)

Item Proportion
Used for agriculture 53%
Used for stockbreeding 26%
Used for fuel 4%
Discharged etc. 18%

8-5 BARXTORGARRTEHMBONARR

ltem Pig Poultry Cattle
M % M % (n
Used for agriculture 100 (54) 81 (120) 85 (44)
Discharged to river/pond 0 (0) 1 0 (0)
Not treated 0 (0 16 (23 15 (8)
Burnt 0 (0) | ()] 0 (0
Given to neighbor 0 (0 1 (1 0 (0
Used for fishery 0 (0 1 (2 0 (0)
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Fertilizer consumption (kg/ha)

E-5 /A WA E TS AREHE F i (n=146)

Fohi-#IZEHOHEE LTRAZHR TV, B
¥RERL LUNEEREDICEAL T, EEHH VT
BFICTH D%, BRI Sh T,

N A TSI B B E o 42 i ko
A Ea—fEREZE-S IZRT, ~ /A HRHE
TlL, 2EEHEOETHTEE 1,491 kg/halyear D4
R AR LTV, ZhiL, Sy b kA<
LTOZEREME FTE) 200 kghalyear L9 13
WIZBW, ) A IO LR EME B & fh s &
~sZL, LIELEXFFLTOEHD 10 %2 L
[B% L o8E !RHY, KRETH L REOE
mAELNT,

2 TFIVFLZ20—ETILD-OOEHORE
W2ECRLEFETT Y TAT7 0 —2 Mt
HLET, £2 PORBEOEHOMERETHH
HEEHD, MEETOHKRELY, TFAEEOLD
OEHFZFBRELE, T, BELEEEZMGT S,
HARIZETATHATHS Rao (BEFHEASL
ROBIE) I22oWTIHE, B-3 BLU 4 ITBWTE
EFREATVS b LRFBEAROEIEZ RV,
Rera GEHEAKDOREFARE) 2o TH, §EO
WA TOWES LU Harada b YOBATE COMAE
iz, IEEFEROAETHRES R TWEk), 0 L LTk,
Rosea (REEM KA BRSO BEFIRARE)
DT, FHAKETHFE-3 O Aviz, EH
HE T, #if IWERMRETEE ST DD
0 & L7y Reo, (FHMI & 0pRE~DFERHE
B) 220 TIE, BAETHER-D OEEZHW:.
B, MR TL—HMEENEENTWHA, ot
RIIEWHIBCORELEL, MK EFRLCEEA
W, FERIC, Ree (BERBEOREFIREE) B
L Ry (REREOBEFRARE) 1221 TH,
BARBLUHHTE & bizEk-4 OfEEFBVE,
Roses (FEEREATHRIGEID OFEFHESA)
SWTH, MARIER-3OME AV, fiHEICE
WL, JICAE LUHPCHziES%, 0.01& L7z,
E£72, Roem (FEEHETRUEBERDOLHIZE S

#Humanlife ®Stockbreeding  Agriculture
30

N
o

1000 ton-P

=
o
s

o -
Urban

Urban

Suburban

Suburban
E-6 MrmfL7- 0 (EE) BLuslk (GR) LT
DRI ~DFH

HEERE) 220 TH, BAREDA FE2—T
IR TE R hot==®0L Lz,

R (FE~OREEH 5 5 5 o fiklo
HE) 2oV TH, EREROWAMELWHE L
FRICBMAEZ TV, RETATIL0403E L7=,
Uy (HACEE 7= 0 OREHRIRE) 2201 T,
N A GRS O JEEHE B D SEI1,491 keg/ha (HEHE
Wis84.6) (E-5) , BrusyscsSx@loh
TIRE KIS TN AP0:0 ik H8.6% LV, 559
kg-Phat Li-, MiTEOBREICLSVVTHLEE%ELRA
HIZBA X ER CEEZ R W, od, BAKICEBW
TU D27 o—loKRERBEE 5 2 55,
OHu 146 IC B L RREIC LY, +HIT/hENEE
PRETEEHEAROFESMZ M- b, 7o
—HWICHWS LT3 LKL,

(3) MHERBLUBHRIZE T IRA~DBHE
HHTEBLUORARZEREFRICBIT A TR T
L DFZA~OBHE (Ouor Ohoy OsoBLU Opo) #
B-6 [ZRd, MK LBA R LT 5 L, Bk
THEAEHSRA~OBHESH (29,038 ton-
Plyear) [Z#{TiX (2,434 ton-Plyear) @ 11.9 {#iZX
ATV, —F T, B@EMYe ) TiafmEo
B HNE (136 kg-P/hafyear) 134R4FE (92 ke-P/ha/year)
D 1S fFLizoTWe=, Ebiz, MTEICEIT5E
Ho 76%IX AMATER#E (102 kg-P/halyear) TaH Y,
FOH L 86%IEHEAR THh 7=, WHKICHITHBH
@ T8%ITSE¥EE (71 ke-P/halyear) Th oz, 4%
[CHER Rz 38T 5 ARMAER S Ot - » Bt
HEL, FHEORFELESTH 14HIZRE,
BEED, noAmeEkt LT RFEETEL
LTHAERETCOBERRAEELRD—F,
HY I OB A S IRmPLE - 0 BHESKEWE
TREFBRHRARRELEREE5XDLEAHESD.

@) AR EUVBHRIZEITH) 70—
NI ATEHEER L CRAED ) 7 o—0fER
FE-TB LU8IcFRY,. 2, AL LTHETZo—
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Input: 2189
3
” ’_ ..... - lﬂ'blﬁ'lf 32_‘_”‘ H Product
vese? Neresteeracaasen - I 80 » —
Residuo: 30 Y + F -
§ — = a8 |roat: {8
3 Agriculture Eptage: 1932
|Mi 65 |
g 1 15 %m‘ i g
Stock- | ¢ oo 712 I
g il i“__1 P Human lifo
=] A Needwanta: | (1932)
— Reaidua: 13] §7w
e ﬁﬁmwu£ 152 mgayﬁm
Ouarbandzy Y Y Yy «Pyeen
IR (nner boundary flow munamen Outer boundary flow

B~ ) A TEiRICRsT B Y 7 a—

BEROMA LITFICE D RO, BE~OFRA)
SDBA (Grass) , BENORA~DOBRIEBHELL
S (Soil accumulation and discharge) , LU
FANLTHBA~OBA (Input) IZ5WTiL, FhE
NEGE, RE BLUHBS R zBITHRI A
SUARAEDESLLTROEBERTHD QEIDE
2H) .

a) PHED Y 70—

HBHERICBT2EBRT7 0—1X, FA»LHTH~
BATI7u—, BLUHR» GRS AMAERIC
BAL, #KELELTRACBHT 270 —Chott
(B-7) ., 3MIFHTRREL I, ZOHERELT
TALAEAS 7 T OSHRERECRRNHS (4
IX3RESEIICTHR) . AR LS, N/ AT A
LRBEROLEZFORY, HINEHOFERAMNEA
RIEIE o e HX O BN, BECHHIRICH
TIRAMEFBIZBATS Y > (1,932 ton-Plyear) M
KEBANRIAICHH L, 4.9% (94 ton-Plyear) LA
APRBENTW RN, N/ A BIRTREAH
ICEZREMBLCBEROaCRR MEICX3HY
FIM1X3.4% (66 ton-Plyear) Th o=, BEN /A
TIIRZTa Ty FORYEEHLRTNE I b
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Phosphorus Flow Analysis in Hanoi
Focusing on Wastewater, Agriculture and Stockbreeding

Hidenori HARADA!, Tasuku ADACHI', Shigeo FUJII', Nguyen Pham Hong LIEN!
and Huynh Trung HAI*

'Graduate School of Global Environmental Studies, Kyoto University
?Institute for Environmental Science and Technology, Hanoi University of Science and Technology

Material flows were constructed on phosphorus for urban and suburban districts of Hanoi based on a
field survey on 177 households on the management of wastewater, agriculture and stockbreeding. It was
found that the agriculture in suburban districts emitted the largest amount of phosphorus (22,580 ton-
Plyear) in to the environment; the human life in urban districts did the largest amount of phosphorus per
area (136 kg-P/ha/year). In urban districts, 95% of total input to human life was discharged into the
environment. In addition, 623 tons of phosphorus were stored as septage. In suburban districts, the
largest amount of phosphorus was emitted from agriculture. Sixty-seven and 78% of phosphorus in
livestock excreta and agricultural residues were respectively reused. Also, 83% of phosphorus in
household-organic wastes was used mainly for stockbreeding, and 37% of domestic wastewater was done

mainly for agriculture.
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