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STUDY ON NUTRIENT FLOW OUT PROCESS FROM NON-
POINT SOURCE BASED ON A CONTINUOUS SURVEY
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s mmERS - pEn’ - mmE
Masahiko SEKINE, Masao UKITA, Hiroshi NAKANISHI, Taizo MASHINO

ABSTRACT; This paper describes a new method to study nutrient flow out process from non-point
source. We selected asphalt ground, bare ground, a grass slope, a road of an industrial area, and a
forest as study basins. At each study basin, we observed runoff concentrations of nutrients (T-N, T-P,
COD ) and flow rate of runoff during several storms. Then we constructed a box model that con-
tained four compartments: suspended matter, dissolved matter, accumulated matter, and soil. The
model had 9 paths which represented nutrient transfers between the compartments and each path had
unknown coefficients. Using the Newton-Raphson method, we got the optimal coefficient values and
discovered the principal paths of nutrient transfer. The results are as follows.

In each study basin, accumulation of suspended matter and its washout was an important factor. In
the case of bare ground and the grass slope, erosion was found to be important. T-P transfer was
found to be important only in the pathsconcerning the suspended matter. On the other hand, T-N
transfer appeared in both pathsconcerning the suspended and the dissolved matter.

Using these results, we presented the pollutegraph model for a general catchment basin. The
value calculated by the model was in good accordance with the observed data.

KEYWORDS;eutrophication, runoff, non-point source, pollutegraph, mathematical programming
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Table 1 Basic Equations

—d;—;—LE = in+Cs’-Q+Cstlas-Lsatlfs-LsO eee(l)

dveCd _ ~y -

5 =Qin+Cd’ -G +Cd+Lad-Lda+Lfd-Ld0 vee(2)
Ae —dd—i— =sa-LastLda-Lad-La0+Lwa +++(3)
V=kvedo(1/10)? vee(d)
din=ied eeo(5) U=kreieA «++(6)
Lsa=ksa*(s-V eeo(7) Las=CeAs{l-exp(-kas*1+dt)} +++(8)
Lda=kda+Cd+V +++(9) Lad=kad+S+4 oo (10)
Lfs=kfseA«(1710)2 +os(11) Lfd=kfd-A «++(12)
Ls0=ks0+Cs+V s++(13) LdO=kd0-CdsV «++(14)
La0=ka0+S+A ee+(15) Lwa=(W+kman)«4 vee(16)
| ! Rainfall intensity [mm/hr] Qin: inflow [Q/hr]
10 : Average Rainfall intenc:ty{mm/brl ¢ : Outflow [ Q/hr]
C” o Inflow Concentration [mg/ 0] V : Water Volume [0]
C ! Outftow Concentration [mg/ 9] A : Catchment Arealn]
S ¢ Amount of Accumuiation (mg/m'] Liy: Loadings [mg/hr]
W . Deposit from Atr [mg/m/hr] t : Time Chr]
kig: Coefficret [1/hr] (exc. kfs.kfd:[mg/wi/hrl)

kman: Loading from Human Activity [mg/w'/hr]

<Subscript>
siSuspended Matter d:Dissoived Matter a:Accumuiation f:Soil
1y(r.J=s,d.a.f) means | — § transfer.
J=0 means decomposition of 1.

Uy RRREL BEHREEICEET 294 b2 0RD 2EA LR, THEEAR, USLERY ki) 3, TEE
ROBEMAT=2FWT AL ¥ XEARHABRE b, TEEE o BEBE (1=n<2) LEALGNI2
EZABM L, CCTIREFREOBRRICEAT 2L Uiz, —. LB 5 OBEHIIHEERBORICHAIT S ¢
DTHBE LI, #Ba~OHRADTH 2BREZTYWE AMEEHAT Kman 1, B0 ABEESOER S
KI->TEBTA2ERTHY, HPHEOHLRT 2021 v OB, AMOAEREDABOEEEICE - T8 X
BCIN28RE2REAOORTE LTHEELR, RRAND ss fE—sol BE W PHETILRIEL 5h -
7o ZhE, dt=1hr ZHEL TV A9, COEBORHEA/ L TiIIMiE L OMETBOH L5 b itk
FWVEEBALLLTHD, Ldf, sf, af, fa, f0DERBIL OV T, ALETILOYERE R L DX
VBRETH H, LOMOBBRTRESNI 210D, L TREWLUT, Z0MOBBREICOVWTIE, BHVTE
EoTORNID, TRCUHFEBICEHIT B L LI,
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3. FEFEREAMRLERAER
3.1 @AEHE  WREH. TXT7 -4 MNE, B

Table 2 Qutline of Studied Basins

Hi, B E U O OAE TR 3 B, Ty | o ton of Sround | Aveala2] Slopel-] Study Period
ORISR LCHBOBEE LB, L | 6T oa e -7
CUnTEEO NI MR, PLEORA (St e ms e
2ZNZTNSL, 1~5 LT3, FAKOREEETT L FAKST Area (Asphalt) 8/16 - 9/20
Mg 2 IRt BRSO I, RO . St.5 Forest 1830000  0.22 198%5{_1’6148538

BRISOR T b &9 TYWERES TN 3 RETRE [ o
TACLEBEME LI, 2Dz, BEREAPOERE St.1,4: Junction of Gutter into Iniet

- . $t.2.3:Trough spectally instalied 1n Gutter
FIHZ DT, St, 1~4 iIKB TR E HRHEERIE 2. St.5:Stream

WHMH O 2 BfIC S0 T it 30 DRI, £ 0L
HEORELERNOLTEE 2 ZE U5 1~38M  Table 3 Outline of Runoff Concentration

PR THT o 70 Rice FIBHCS 54 BRI LI~ e e i
ﬁbtﬁﬁﬂ(%ﬁmbf'o St 5’6011"’25{1‘%3&5%‘(?27k [mg/ 831 (mg/R)mg/R) (mg/7 2} (ug/21lugsrfl

st 0.99 0.12 0.08 0 005 8.9 2

ERBEE 21710, BWREEBTYBLFSLE DFIK " ipnait  ~ 85.2 ~18.6 ~573 ~1.80  —~46  —270
KEIC AT BB A28 1 ESLE b T 5T 6.9 (2.1 (0.50) (0.12)  (18)  (20)
] ] - st.2 2,07 0.22  0.197  0.033 12 23
ZHERFES 9 -0 2FBU. 1 ABIEAIL  sare ~50.3 ~76.7 ~11.8 ~12.1 ~880 -~ 1954
. . (6.3)  (13.) (0.62)  (1.18) (49 (370)
THMBLBRTANE 2 HFRFL THEL 2. AX
. st.3 248 0.38  0.23  0.013 12 9
HEIZ1IEBEOHRE. BELLTTLD. #HEM s ~38.6 ~44.1 ~6.16 ~6.8  ~240 ~1493
) _ R (5.1 (13.3) (1.4 (1.13)  (80)  (186)
B LB 2 A 2 HS T, BHELKE - BED Y
st.A 1.55 0.4 1.1 0.005 42 2
Z7RELDEMBETATEL, 1FFEBOEHEEL Industry ~28.1 ~34.9 ~12.1 ~113 ~ 1348 ~ 2602
(1.2)  (1.3)  (3.28) (2 60) (284) (24D)
- = 7 3 <
12 MTBEEBICL b BVRESEL CEBT 55 s1.5 1.25  0.01  ©0.47 0003 7 1
Bl BEICSU TRIRBESEL UTRIAMH (00 L0 G G eee o o

% a %mgﬁfgiﬁ Eﬁé%*ﬁibf:o C 0)%% e bi‘ ﬁ '--E;;;;;;i Hinimum ~ Max;;;;-z:\;;;;;;; ------------------------
BIELTH . MEREFEREOZEO S VBRERICONT, RELREDRBED L ofFE 26iA L1,

3. 2 PEHE SHAETHLANHERIL. SHEOBELRHOBELKIIURT, 7R 7 74 NETI
sol CODT ¥~V BB VWEEHA LN % § OOEFITERE IZE LV, Eitd o ORMHBEBSEWOBEL D,
TEEHE T sol BB, ss BBILICT-N, T-P OBESEV, BMTIXssCOD, ssT-PORESFVEGE%
B, WHTIIEEKICERESEY, U7X 7 74 FETH- TH ALEEHOENCL H St.1 2St.4 TR X
BHEEVEONG, T, B, EHETIESAENEZL SN ST ss BRESSVERAICH 3,

4. EFAEBOBE

4. 1. BERBEELAE VI, 20 TRNEZEFAZAVC, BHE - FKEED S RHKBE 2 v 2
ab— LT ELLBELD, EFAMRRELDORMD S . MEOHAY» 6 HABEOHES DI LNEED
bHDH—HT, Xk FELSOFMEPEE L L DL FEN TS, LipL, EFLOEENS 2 BERHIC
BANSDTHY, »ORBERBUILT D REORS 2 ZLFEAT - 28824551, vTalb—Yayr
MRLEHT - 2B TERLTART AL 35 REEZ KD TRB LKL » T, Dl & EBENICTT
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P EBRMICRD O NI EREL LFRFT - 2 K AR T2 EER 2B 2B 2BNLT20TIREL, B8
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Table 4 Objective Criteria

BEMZRL TV AT ESVDY, BHEOREE L €571 OER E=ECs+ECd+ELs+ELd
ErEInid, BRGEFHTOEELLNS, —ce
. Bes= 4+ 3 o £8oLs8y .
CTT, Yialb—va v EREKABEDSEE 2R Cs
BEZEL4DIIICEELTPL L., REBEFRE 2k 2E I Ew:__z(chcf)z
» A BRHKij 20T, EOR/MER & AKij 2K 5 &I o
RBETA, COLD, =a—- b ERHANTTIXTOKI] ito Els= L 5 ¢ L_%—s_ﬁhs’) 2
n
WTE/Kij=0 B2H%2KDAA 0~ 2T 050 %
ERU Tz, 7535, (R CIR/ZVSEIERE DHEEE . Bla= o = ( Byt
Krai)(mg/mt) £ UCEBMOETE L1z,
Cs . Observed ss* Concentration[mg/ 0]
AEFALDOL S ICEEMBEZ EAE. JE/0KIj=0 %Rz 3| cd : observed sol” Concentration(mg/ 2]
NN . Cs’ : Calculated ss Concentration(mg/ 21
%ﬁ@%ﬁé‘ﬁ’iﬁ 1@mbicidEE B&L\%gb)%“" %@fi&b?{i Cfi_: . Calculated sol Concentrationlmg/ 2]
Fuys AT, HKijRMLTE DS AEOEE 2R E 5| 8 ¢ Average of Cs’ [m2/ 2]
Td : Average of Cd’ [mg/ Q1
BL51CL, PHAHEEZDL S WXEENSE OLNS EDITD| Ls : Observed ss Loading [mg/hr]
o . Ld . Observed sol Loading [mg/hr]
NWTRZOE 2BEICLT, BREREECEBLUZOIIH| (o & calculated ss Loading [mg/hr]
BT, T2, FRIT 74 M5 OTIEHRHEO L 51TH 6 psig| Ld’ 1 Calculated sol Loading [wg/hr]
T's : Average of Ls’ [mg/hr]
BEBNINWEZBALND DRV TERY» S RBIE%2E| TT : Average of Ld’ [mg/hr]
N i . ECs : 0.C." f c trat
U, WECSHEEE I, & 51T, & FHIBICHHEEICHE| £ 0. for sel Concentration
FABESRL B, ¥ TREDECRIIE 2 FEE L C/RE| ELS 1 0Ce for ss loading
ELd ! 0.C. for sol Loading
DEVEDITDNTRNERPRTEL. 20BEYORKE2E E . Total Objective Criteria
n . Data Number
HBEWS FERE- T, {¥] 0.C.:0bjective Criteria
1L, COBETIE, %lléﬁ"‘fli 5 GC’rﬁgLFFHOJ%@UfIE ss.Suspended Matter sol:Dissolved Matter

BEABEELEZ2FH - TOWAEPRETHS, LOHATSL 4, StODF -2 HIEPPLRBLTCWELEEL
bNB. ZDIH, RFRETRETSL.1I~St.3DF—2 ZAVTEE 2k, St.4, St.5TRTAZLTH
St.1, St.3ADEBZ L KUTHET S LV HER2H- 1,

1. St.5 KB AEERE - MBICIE, HITKHED%2 6 A TWVWE, KEFA TRRFALIT L oFFHE
TERWIZD, BFEEBIATNE 7 (A &2 —D8EES 2 HWTERKRS ODEE 2TV BRARDIITD
WTOERE 2@ L 12,

4 2 HREBLUE Table 5 Optimal Coefficient Values

B RoREERN ;

A Asphalt Ground Bare Ground Grass Slope : Industrial Area Forest

B%HE5, n—7F 74 Areala?] 677 35.9 18.5 1830000
krl-] 0.93 0.7 0.45 ' 0.7 : 0.22

v 74 v TOFIEX2 ; T

77 A Bz & b N P oCUO N PP WD N PLoCuD NP oD NP

T E = e S e et e oo

WRT e AR dt=1hr sa{1/hr] 0 57 098 . 23 5 19! 1.5 23 19 0 003 098 : 034 1.7 1.4

i s . as[1/un] 0.018 0.0045 0.05 | 0.58 0.037 0.25 | 980.017 0.2 : 003 0.1 005 0  00.03

TiT- 10 1oy Bl dal1/h ] 1.8 250024 1 025 4.9 0.14: 0 1.4 0 L7 250.02 :0.045 065 0

= . ad{1/hr] 0.074 0 002 :0.0110.0110.011 ¢ 1.1 00018 :0.07¢ 0 0.02; 0.1l 0 0.052
CREUEL DETRL Y fs[me/w? +hr] 0 0 0! 1.500750.033 : 1.10078004: 0 0 0: 13 02 0
e fd(mg/we ]| 0.02 0.48 0.0048% 4.7 0.130.022 : 5.1 190028 : 0 0.480.008: 0.85 9.1 0
ARHRORFMRAT | aimn o o0 o0: o 0 0{ 0 0 ©of D05 0i 0 0 0
— dol1/m] 0.026 00034 : 00250 0 : 00560 0 ;0026  00.03¢ ;0.074 0.820 0.860

OB 2 3 IR T | aofirm] 0.028 0.064 0.024 : 0.485 0.036 0.016 : 0.750 0.083 0.098 :0.028 0.064 0.024 : 0.350 0.200 0.066
wl /%) 10.160 0.160 0 160 :0.114 0.114 0.114 :0.164 0.164 0.164 :0.160 0.160 0.160 : 5.7 5.7 5.7

K3Xxb, B FH | cofegrmoncd| 83 1000120 83 1100612 83 L4002 12 120046 0 0 0

Tk BRI ailng/a?] 220 |2“_1_._4__g___2_00 61 7. 19 97 osalzozo 8 ' 0 10 38

BECHLC LMD wlmg/n-hr] | 0.280.066 0011 | 0.28 0.066 0.011 : 0.28 0.086 0011 | 1.38 0.13 0.011 | 0.28 0.066 0.011

S S hs : : : :
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1CT ¢ 1 & — SR % A MAJIME river Catchment
TEE - P - BEORAK

Discharged Loading

COD N P
DT EE LT, EHEIE LA
BEOHBICIZ, TFAT Point Seurce e/hr
Koo mhH ORI, Nightsot | 754 512.5 57.4
Res:dential
7 4 A& =ik b ERE D Vaste vater 804 100.5 31.2
e . Livestock

b EES v - BER Vaste Water 2 38 0.23

SUM 1560 616.8 88.83

HErREZE2MAIzs DA
N1,

Nonpotnt Source (Farmland)

Livestock g/hr
MEBATOREARTEIZ. Pig(dung) 1.767 0.455 0.303
; " Cattle 0.221 0.075 0.0
MBS KH MBI BT Foul 0.008 0.003 0.001
StEICE hRD 1z, D & BareGround Fertilizer g/hr
REEHRZE 6 ITRT, 7 ¢ bean 1396 116 70
k - V) resseanis potato 605 i} 30.4
KA - iCE T AFREER [ rorent vegetable 10713 1285  535.4
: > R SUM 13601 1598  680.4

DEFAILBI 2HTFalc Fig.5 Land Use of MAJIME river Nompoint Source (Rice Field)
3B ATE U, R — Catchment i
R
EETHEshsbDE L Ice 10729 1233 538
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Table 7 Coefficient Values for MAJIME river Catchment

Rice Field H Farmland Bure Ground forest i Residential Area
L 200, BB  wealw] 1330000 : 280000 : 852000 L 4835000 : 428000
- k-] 014 \ 0.35 1 0.3 H 0.35 H 0.5
WXL D $BWVE ; : : :
Wb N P ioCOD NP i b N PEowh NPl oD NP
BARKEUBE B0 — T ool R LS D
sa{1/hr] 23 50 1.9 23 50 1.9! 23 50 1.8) 03 L7 14 00 57 1.0
HEBTIE. ©— 7 D] ali/m) 1.2 0.3 1.5} 1.2 037 1.5 % 1.2 0.37 1.5} 0.0 0.00.032 :0.018 .0045 0.05
dali/mn] 025 4.9 0.14} 0.25 4.9 0.14 | 0.25 4.5 0.14:0.045 065 0 ! 1.8 2.50.0
HB—-SIt 0EEEL TE|l alim] 07 0.5 06.02! 07 0.5 0.02: 0.7 05 002! 0.1  00.052 !0.074 0 0.02
folws/w-he]| 1.5 0.085 0.033 ! 1.50.0850.033 | 1.50.0850.0f 1.3 02 0. o0 0 0
RS EHDLUTINS, | fleacnd| 47 3.3002! 4.7 33002 | 47 330022} 0.65 9.1 0} 0.02 0.8 0.008
$0(1/hr } o o o6 0o o0 0! 0 0 0 0 0 0} o o0 0
dofi/m 1 002 0 002 0! 002 0/00M 0.8 0.85 ;0.0 00.03
CAE R DR a0[1/hr 1 0.485 0 036 0.016 | 0.485 0.036 0.0i6 | 0.43 0.036 0.016% 0.35 0.2 0.068 ! 0.028 0.064 0.020
TOERESEL @& wiaw] | 01140 1901180114 0114 0.119 § 0.114 0.114 0.114} 5.7 57 57 | 0.16 0.16 0.16
wfmg/m ]| 8.3 1100120 83 110012 83 1100120 0 0 0} 83 1002
VT AL T B ]| aleeecd 00 600 T 200 600 7 200 600 7. 120 100 3.9 20 & 1.4
BEPEASES . 7 (A & | vlws/etehe] | 028 0.086 0.0} 0.28 0.06 0.011 | 0.28 0.066 0 011 0.28 0.066 0.01) | 0.28 0.066 0.0t
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Fig.7 An Example of Pollutegraph(T-P)
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