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Abstract

This is the first series of final reports an the project research, “Comprehen-—
sive Studies on Effective Use of Natural Ecosystems for Water Quality Management”
carried out during fiscal 1983~1986. Eight studies for estimating of fallout nutri-
ent loading, per capita loading of gray water, river pollutant and nutrient loadings,
change of river loading during flowing down, and purification ability of forest are
included,

The results obtazined are summarized as follows.

Monthly amounts of nutrient in the rain water and dry fallout have been measured
at Tsukuba since 1977, and their seasonal and secular variations were analyzed.
Fallout of total inmorganic-N increased gradually with some minor variations, while
total-P did not show such an increasing trend.

The surveys were carried out to estimate per capita pollutant loadings of gray
water in small residential area, including the loading of synthetic detergent. Per
capita loadings of gray water were 218 [/cap/d, 16.7g& BOD/cap/d, 7.25g COD/cap/d,
1.33 gN/cap/d, 0.210 gP/cap/d, 2.1 g MBSS/cap/d, 1.0 glLAS/ cap/d and 0.07g POE-NS/cap/
d. Though per capita loading of PQE-NS was decreased about 30% by citizens' campaign
for on-site reduction of loading, the reduction amounts of discharge rate, TOC, T-N
and T-P estimated from the data with hourly sampling had the fluctuation of about 20%
as coefficient of variation,

The studies on the changes of inorganic ion concentrations of stireamwater in
Tsukuba experimental ferested basin during the flooding period of storm events have
concluded that the runoff behaviors of inorganic ions was distinguished two types.
Type 1, which shows approximately the same concentration around the end of direct
runoff period as the baseflow level of pre-storm, was the group of S$i0,, Xa, Cl and
specific conductance. Type O, which overshoot the baseflow level, was the group of
NGO, -N, %, Ca and Mg. These runoff behaviors of inorganie ion were discussed the
relationships belween streamwaler and soilwater. ’

The water budget and mass balances of inorganic ions in the experimental forested
basin became clear for two years. The annual runoff rates were respectively 48% and
49%. The net gains in the forest occurred in NH,-N, NO,-N and PO,-P, and net loss in
8Q,-%, $i0,, Cl, S0., Xa, K, Mg and Ca on the basis of annual input-output budgets.

The specific loadings and runoff characteristics of inorganic ions were discussed
on the basis of the results of the weekly observation for thirteen rivers and the
storm runoff observation for seven rivers, From the correlation analysis between
specific loadings of inorganic ions and the area ratios of land-use types in river
basins, most of inorganic ions showed bigger correlation coefficients for urban area
and agricultural area. But nitrate ion only became a higher correlation coefficient
Tor farmland area. The increase of potassium concentration at the stage of the
biggest peak of discharge during sterm runoff periods was recognized as well as
nitrate and sulfate ions.

The amounts of pollutant loading changes during flowing down in river and
irrigation vanal ware estimated from the view points of flowing down rate and the
degradation of organic matters. The estimating method was based on the data of the




24hrs observations under the ordinary loading counditien, instead of the method by
injecting an organic compound of high concentration. In the case where the
sedimentation of particulate matter was a little, the flewing down rates of pollutant
loading became nearly about 1.0. The deoxygenation coefficients of organic matters in
the irrigation canal became larger than the usual values.

In three small river basins where the types of land-use and water-use were simple,
the observations and statistical anzlysis were done to estimate more precisely the
magnitude and runoff characteristies of pollutant loading for dry-weather day and
rainy weather day. Particularly, the coefficients in the regression model for the
estimation of storm runoff Jjoading were discussed from the view point of the land-use
characteristies of river basins.
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om-1 AENSOFREERTRCZOED

“BRERSATA-NTOMILEDBOON K-

Variations of the Amounts of Fallout Nutrients at Tsukuba

EHEE L
Yoshinari AMBE'

.

HEOAESHZ VERBIIAEE» BUTHERENZREEIE L 20 THOHME
FEHOMITAHZLEEEMELT, MEKSHLYBIEHRNT, KEBRTHHIZE
FNBVRUSHALEDEEETHELE, IER—HDREMTRBELERAKOA
OEBEBTHLEIODVTORBIZIDW T2 E.

EZHEDORHICOWTE, ZICHELEEFELHE U EDb>Tnhn, Ti4b
B, Total-P iCoWTHMEHNIZIALE, 7B 2HOEBEVERENDY, BET
BEBFAAREVWOILHLT, MEOHGVHEIEZ, 3BLLEEICEHAL, £9EEH L
OEEREEENS, Total-1,N BWELASHICEL, MPLELILED £,

BTEOBEEEHICONT, Total-P iZ1981EEMS —~HRIZHLOHEMBIICH - &
FINEEBIRBUOLEFERLE. NIEABII 2w TN, -FE00ke /kn’ -y & .0
ELUTEBHLTOWIABENMIIBEELTWEOIIALT, NM,-N A2~3EEH -
TEEBLO>BMy2EMERLE, R LTTotel-1.N. 282462 LTZ09F
MICL2EEEOHIMEEIIS - =, . :

EHEKELTolal-I. N BTEOBIZE, HAESHPICEOHEAED SN, BTN
EHOEGHIEF L BHROFOIERREINE,
BEMICEDBTELFSATA-NWTIPILEEDLOE BHET D L Total-PTid
BTEDIBEEUHFNTATHLIOILX LT, Total-1.N. TEHE%AEFE L & HIC
BEFL T,

ER, NP RHEEFSAT7A-ATO OB ERHBILEDOFAICEI 22D
ot L BETHEEON/P BEE6EE <, NO,, M, Y HAEOMAKTAOEYiAHRMRI
haoaThwadZeiAFashi,

Abstract

Monthly amounts of nutrients in the rain water and dry fallout have
been measured at Tsukuba since 1977, and their seasonal and secular
variations were analvzed in this study.

A rapid increase of the amcunt of fallout of total-P in the early
summer was significant presumably reflecting the high biolegical activity
in this season,

Total inorganic-N alsc showed a similar patiern of seascnal
variation having a more marked increase in spring.

1.

ESZ AT BHEFEMA T305 HHEEO I EHAOEFNIEE?2
Chemistry and Physics Division, the Naticnal Institute for Enviromnmental Studies.

16-2 Onogawa, Tsukuba, Ibaraki 305, Japan.
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Total inorganic-N also showed a similar pattern of seasonal variation
having a more marked increase in spring.

Fallout of total inorganic-N increased gradually during this
observation pericd with some minor variations, while total-P did not show
such an increasing trend.

Comparing the concentrations of N and P in rain water to those of
total fallout,it was found that nitrogen compounds are mainly attributed
to rain water and phosporuscompounds are to dry particulate matters.

1 Fams

AEEHIAOHBICETIZFRERE IOV TR EL S, FROBHKEC—DEULTHEPRS
BHTHLAEEL, BHAETEHEEN S ASHEREITORTEL, B3R, KBECEXRE
EABBLINBILREAT, KENOHIZVEHRBENORBELEORBEO -2 UTAKRBHD O
—ZAARFILEAEN, ZHOLERHAPLOMERELTLATHEY . LLWWShLhEmNE
FHZEOTHoT, BRHICHEYREMIIHEAEZMNZEEAE R,

EZRBTTELIYVBy BRBCBTIRABRTHTRELOWKOEFRERLICETIEEEHF
fidd222EHMELTEAZLENERRD T, RAEB»ZTORREZEELTHE ™. &
HIAREC—SLLTEHBEOFNPHBETOREER EZALIBROWEEFO— 2L 22
LT, HEREBEPERYT, EROBR2aLET, BERLORFEHLIHMIILE, EE
EILTFREBICIT2EBRERSA 7T 23R T VT2 TR 2ELULEIR
bEDZT-ANBOLAEDT, TOWE, BHxiTo k.

2 F &

2.1 guFunyg

19778 6 Ao S, EBYAEREMARABGELT, BRKE NS A7 - L7 b2 —#BIIBRT
BT —2&82REBLTAZLCT TV Y eTok,. EBRAAHIZHLLWEYEZRY b
LBFRRE1IAPHABE LTERLSIT24ToE, BEREMICEIBEKL o TEE S 2H, 30
KEBEBLLTABRTERZHD =,
WELEZ2EOBEAREVICERKOERER RS, B Lo, —HILO INEE2MIEAL
Total-P BT NH,-N @2 TIiZ A WF 01N KEE b+ MU D LB Wl 2 MATHEE, NO,-
N, NO,-NOHIEICRAWE, BIEQOE Y TR, #lLTo-—beEryE>2RSNA TN —-TED
2T, BTFLEMRO—HE2—BHILETIILFETEZZLIC&Y, ARAEORATERHL =,
Tk, 19841030 E, EHRHBERFEZEEZHALT, BABEOHFORBERBIZL THER
L=,

2.2 & W

SegiE L LU LEHER, Total-P, NH,-N, NO,-N, NO,-N Tww¥FhidF - b+7P+54 ¥
— (Technicon #%) 2HAWTEELE. BB, 20H 52ROV T WA BBEKEEFLT
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KA HORBEFTRE TOEH

WEDTREHEZLTERYE>E. BAKOEELRPsERBICS>V TR IIOEGREMAT
PLFALKERE LE,

AU RUSGHEFEOHEMICOOTIIERH Y IIEL £,

REZZTHUELE Towal-P BEFMHO2U Y, KFHOUVLEWEENARSBELTK
BEFTILBHHLTEELODOERTH > T, RFFEL—HHFBREIDZIILIZALNDIED, &
TLLHEFEL2EROLY > Tlxlan,

ULALRRSHROERBELANOEEBEOEME W HYBEEALS, ZhELoTYVBTHDER
& LFE, ¥, NH-N, NO,-N, NO,-N & &% Total-1.N. (2EHBEN) & LTHRLE,

FREONEZ2EDEENOARERET oM TIEENIE Total-1.N. &0 5~10%FEHM
T3, 2ZTHEHBICDE-TRHEF—-EHF/ELTVE Tetal-[.N. K2WTHBOHE L
L,

3 ERCER

3.1 BRUEMIALDOAMEREBRTEOEHLE
BHZLILBBRLERTHFOREREBEESAOBRKEL P BERS A YO AMERRE
ETE RO E, SiHICSEHLIBIELAMSIBEEIZAETOMEEELICRY. ZhidBKk
E250E, FI3AT74 - W70l k2200 28bE 30T IPAMICEMERICET
LRV EHREHROLRIHYSYS, Ay I RREME00L LTHELEBETSH S,
1978 1 A A S 1B6FE12AE TOOFROFEHELDOEHELEHORBEER2 LEIILET.
FERICAELEEREIDWTLHE CRLEEHBRIREEbo Ty, T2k 5, Total
PO TRESENICRIFLE,TEO2EHDEVWERANEE, LML, HEREHFKEL,
FILEoTHRAETLUEEFLRER TR, ~FHYEDEVWER, 380 LBELRLLNETY
ORELYOEMTEH L oMEFEEZINS, —F Total-1.N, HEICHIIEL, BHHXIC
MHTEL AZ2E@EERLE. FUSHIEATI TOAEIZHET, BEITATOELBVTHDL
NE, 2COFEFRNL,-NIZEHO5NBH, FIC M- NITEnTHELALE, —F N, NiZo W
THIENPBIVALPY TOEARMABIFAREBICAShLE, NEEHOZS UEEFERILS
FE2ETHEOMAIENFIHOEKR, RECLAFILLIZAREFTCOZNOLEDOEEROE
e, BMHTERLELDICHBKELOBGABDITOL S,

3.2 FEEBTREOEELEH

HEHBETRCIVTENSIMIEETORFELOBEMII DO TEHBII AL EN, SIEHhE,
1986 E COEHORBER 2 IR T,

Totel-P {3 24kgP/km® -y & 48kgP/kp’ -y EEH LIBIEI S~ RILBLIOEESLET
WEMNIBEERICEBUCERERLE, NEESSHIZ DWW TIE K0, -N 1 500kg/kn* -y® ik L
TEHEZLTVSHHEAELTHEEELTADICH LT NL-¥ &, 2, SEDOFHHETEHL
oMt AEEERLE. JOREELT, Total-I.N. H 24 LT ZOIERMIZL.2EEE
MMt aEmERL 2.




i )

*# 1] ByEd-~JoAMESEEBETE (hy oREHWER®)

Table 1 Monthly amounts of fallout nutrients at NIES, Tsukuba
{kg/kn® : month)

Total PO,-P NH,-N NG, -N NQ, -N Total I.N.

1983 Jan. 1.23( 1.05)  27.3( 23.4) 0.03>(0.03>) 28.00( 24.0 ) 55.3( 47.4)
Feb. 1.59( 1.70)  32.9( 35.3) (18.57)(19.87) 24.64( 26.4 } 76.3( 81.8)
far. 2.00{ 2.07) 56.7( 58.6) 1,14( 1.46)  39.6 ( 41.0 )  98.0(101.4)
dpr.  4.75( 4.32) 118.8(108.0) 0.25( 0.23) 99.00( 90.0 )} 217.5(197.7)
Hay 3.19( 3.19) 87.6( 67.8) 0.07( 0.07) 64.52( 84.5 ) 132.2(132,2)
June  3.76( 3.76) 125.3(125.3) 2.51( 2.51) 72.32( 72.3 ) 200.5{200,3)
July  3.06( 2.98) 141.0(136.5) 2.12{ 2.05) B69.56( 67.5 ) 213,9(207.0)
Aug., 1.84( 1.84) 59.8{ 59.8) 1.38( 1.38) 8.20( 9.2 ) 70.4( 70.4)
Sept. 1.58( 1.58) 95.3( 95.3) 3.18( 3.18) 51.76( 51.76) 150.2(150.2)
Oet. 1.28{ 1.24} 52.2( 50.5) 1.62( 1.57) 42.46( 41.08) 86.3( 83.2)
Nov, 1.89( 1.69) 39 ( 33 ) 2,15( 2.15) 17.36( 17.36) 58.5( 58.5)
Dec. 1.79( 1.92) 16.6( 17.8) 6.52( 0.58) 1.9 ( 2.04) 18.0( 20.4)

1884 Jan. 1.65( 1.38) 35.8( 29.8) 0.06{ 0.05) 19.91( 16.59) 55.8{ 46.3)
Feb. 1.12{ 1.20) 25.9( 27.8) 0.77( 0.83) 16.17( 17.33) 42.7{ 45.8)
Kar. 2.69( 2.59) 49.9( 49.9) 1.02( 1.02)  44.15( 44.15)  92.2( 92.2)
Apr.  1.98{ 1.92) 46.8( 45.3) 0.06>(0.06)  28.38( 27.48) 75.0{ 72.8)
May 1.46( 1.41)  48.8( 47.2) 0.55( 0.53) 2.75( 2.66) 52.1{( 50.4}
June  2.06( 2.06) 102.9(102.9) 2.43( 2.43)  44.13( 44.13) 149.5(149.5)
July 1.58( 1.58) 70.8( 70.6) 1.58( 1.58)  39.26( 39.28) 111.4(111.4)
Aug,  3.02( 2,58) 18.8( 17.0) 3,02( 2,59) 5.26( 4.51) 28.1( 24.1)
Sept. 3.67( 3.18)  47.9( 41.5) 38,40(83.28) 26.0 ( 22.5 ) 112.3( 97.4)
Cet.  3.28( 3,83)  44.3( 51.7) 2,54( 2,98) 28.2 ( 32.9 ) 75.4( 88.0)
Now., 1.56( 1.30) 20.1( 16.8) 1.60( 1,33) 13.3 ( 11.1 ) 35.0( 29.1)
Dec. 1.50( 1,40} 27.0( 25.2) 1.44( 1,84) 14.3 ( 13.3 ) 4z.8( 39.8)

1985 Jan. 1.43( 1,6%) 13.9( 16.7) 0.60( 0.72) 11.5 ( 13.8 ) 26.0( 31.2)
Feb. 2.41( 2.68) 68.5( 76.1) 2.41{( 2.68) 49,8 { 53.3 ) 120.3{133.7)
Mar. 1.44( 1.33) 67.7( B5.3) 1.87( 1.81) 53.3 { 53.5 ) 125.3(121.3)
Apr.  2.49( 2.4%)  71.4( 71.4) 1.49¢ 1.49) 42,5 { 42.5 ) 116.2(116.2)
Hay 1.56( 1.51)  47.8( 46.3) 1.20( 1.168) 33.8 ( 32,7 ) 82.8( 80.1)
June  3.16( 3.18) 91.6( 91.8) 2.53{ 2.53) 68.7 ( B5.7 ) 1F1.2(181.2)
July  0.52( 0.50)  41.4( 40.1) 1,13( 1.09) 42,9 ( 41.5 ) 85.5( 82.7)
Aug.,  1.74( 1.93)  13.0( 14.4) 1.30( 1.44) 16.6 ( 18.4 ) 31.0( 34.4)
Sept. 0.92( 0.81) 30.6( 27.0) 1.38( 1,22) 45.7 ( 40.3 ) 78.0( 68.8)
Oct.  0.92( 0.89) 38.3( 37.1) 1.42{ 1,37) 28.8 ( 28.8 ) 68.5( §7.5)
Nov, 1.13( 1.09) 57.2( 38.0) 1.76( 1.70)  30.7 ( 29.7 ) 69.7( 67.4)
Dec. 5.84( 5.00) 38.2( 32.7) 1,13( 0.96) 22,9 ( 19.6 ) 62.4( 53.4)

1986 Jan, 0.11( 0.13) 6.7¢ 7.7) 0.71( 0.82) 4.71( 35.43)  12.1( 14.0)
Féb, 1.07( 1.07) 15.1{ 15.1) 0.34( 0.34) 10.4 ( 10.4 ) 25.8( 25.8)
Mar. 15.5 (15.5 ) 257.0(257.0) 2.65( 2.65) 82.8 ( 82.8 ) 342.1(342.1)
Apr. 3.0 ( 8,0) 88.0( 88.0) 0.2 (0.2 ) 54.1 ( 54.1 ) 142.0(142.0)
Hay 5.28( 4,95) 174.4(183,5) 1.92( 1.8 ) 52.96( 49.7 ) 228.8(214.5)
June 5.44( 4.95) 160.0(145.5) 0.8 ( 0.73) 162.1 (147.3 ) 323.2(283.8)
July  1.12( 1.29) 59.4( 68.5) . 0.9 ( 1.07) 44.0 ( 50.8 ) 104.3(120.3)
Aug, 6.4 ( 5.82) 226.3(205.7) 0.49( 0.45) 18.5 ( 16.8 ) 246.0(223.6)}
Sept., 0.74( 0.82) 71.3( 79.2) 0.86( 0.96) 69.7 ( 77.4 ) 141.5(157.2)
Oct. 3.12( 2.93) 46.9{ 44.0} 1.70( 1.59) 36.57( 34.3 ) 85.2( 79.9)
Nov. 3.3 ( 3.41) 50.8( 52.3) 1.52( 1.57y 19.4 ( 20.1 ) 71.3( 73.8)
Dec. 3.85( 3.12) 72.6( 58.9) 3.3 ( 2.68) 30.8 ( 24.8 ) 106.7( 86.3)
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Table 2 Means and coellicients of variations of menthly fallout of nutrients per unit area in Tsukuba

Jan, [Feb. Mar. Apr. Hay Jun.  Jul. Aug. Sep. Oct. Nov. Dec. Mean

Total-P mean 1.5 1.9 4.0 3.3 3.3 3.6 7.0 2.9 2.1 1.9 1.7 3.1 3.0 P kg/kn® -month

c.v.(§) bl 40 105 4§ 50 25 11 33 62 57 57 52

NIl -N mean 20 32 79 66 63 71 55 45 48 42 3 27 49 N kg/ka™ -month
c.v. (%) 4 55 80 16 65 63 72 131 55 30 42 39

NO, N mean 0.9 7.8 1.3 0.5 7.8 8.5 2.4 0.8 7.3 3.7 1.5 1.5 3.5 H %e/km® -month
c.v.{%) 78 125 79 107 260 154 189 99 157 166 49 110

NO, -N nean i6 . 24 59 66 50 57 54 23 50 34 26 18 40 N kg/ka® -month

c.v.(%) 58 58 a7 52 52 63 44 88 - 49 45 64 69

ToLal-t.N. mean 37 67 139 133 121 145 111 75 105 80 61 47 93 N kz/kn® -month

c.v.{¥) 45 48 5% 39 28 46 43 78 36 29 44 46

WEOr 3T HEELOI QY
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Fig. 1{a) Seasonal variations of the amounts of Total-P in the fallout
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Fig. 1{b) Seasonal variation of the amounts of Total-I.N. in the fallout
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Fig. 2 Secular variations of the amounts of fallout nutrients
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FHEM

EFEDETREHICONT Total-P, NO,-N, VH,-N OF R TLOMICRBIIHAFEITD L2
Mok, LALRRS, E£BAKEYL Total-1.N, OMICEEI@Q LD, WHETOMB TITR
WEhiahok, Ao 22U LEEOEHGEAEOISABFNL SO OEBNER L OBEN
BHhIZrARENnE.

3. 3 BRICLIDIETRBERZAT74-ALT7OMCEDETA

2BRTHLLFTLT, BEEOHRIIONWTY Y I NEL2T, AMOERICLIZBRTELLE.
EETHEREOEENS A 72 - A7 M L2520 E LA, 1985, BBED2HEBMIIO2NT, £
NENDHEFICONTHBECLZSOE{EH4IICTRT,

LHHICHEDZ L, Total-P THETEOHGBBHF RS A 72—~ A7 T L LUTHBTTIIIHL
T, Total-I.N, TWEHEO%HFBEME L EICETFTLTIWS, b TD NO,-N, NO,-N i3 BE% AW
FEBILBRBTLTWS, M,-N TERFA 74 - W79 NOGREFEICRELLEAENICT A
W 2/3 IEATMICHRLTWS., ZOZLIWE™>Y TFTENIIRESAEHERE2EIOILHELID
2L0THB.

2ETEDHO>ERAEICLE-ELOISER(%)ELT, FOFHHREEAZ LTotal-P @
BeHnwFhoEs, 4 I 1IEBVWEE2YS, 8,720 L8N, BAUBEFLTVS,
Total-l. N2 DWW TR 2 @OECRAREHL TwR2LS, WIFAL AL 2 FHIREL 2,

S A T x =T UNIEERY, BRUEIZBOFNFLOTHEITRIDEDIICAS,

Total-P TREWLCLIZEEFPELRICHLT, Total-l.V. OLFFEHEIEL, K347
F—NFUREBEOMOER Dok,

3. 4 WMAPEEREZREOER

MARFICEENDIEBBERED LI FEUTOEHEIR4ACZIELTHZ, XL, 1A2ZA
DEAEAF0m/0E T OBER, RRCLIIBHOROEDHIL, BAELETAAORROBELY
EBL Lo THBEDELEALNADTEBONEN OB VE, HOADBELARRDERLY
RSN, WENSWOTEBELNTLIHEBIIEHLE.

Total-P O&E&, 1IBSEH LI FETREHORTEIEFLLE Tk, T4abb, 19858
K, FEEE3~0ug/I TP HELERREEI8L5ug/ITS, 7,8 HILED 2 RDQILRAL T,
1986 B Tid, i~43pg/l (17Tx18pg/l) LESBEL, THEITHEEBIINL, 8 ALEIL2
wg/l T Thok, £HEHOBRALIFTCIRGEBELLRY, KBULETFTTLH, 25 LEERE
EORALZSDWTIHBRIA T2, AARKRLEELOHRICENIORBRES SN TR
Mo, E200mBh LOBEAKOBEES v/l EICEREhAoE,

Nitgho AEHOMKTBEOBRMELE - EHERICRTY, NELAHOTHHHRITI0%BL
FTTEPEHEATHhE N, BEEHILEEMNNASVWILEBTREVIBRABIIEMLTLLBZZEEE
LTWnsb,
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3 Relationship between annual precipitation and annual amount

of fallout total ineorganic nitrogen
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Table 3 Variation of the amounts of {allout of nutrients and

mean N/P ratio

Total-P{P ke/km®-m) Total-[.N.(N kg/km® m) N/P
Dry fallout Rain Water R(%) | Dry fallout Rain Water R{(%) | Dry fallout Rain Water

mean 1.24 0,70 36(95T 18.5 66.3 78(% ) 15 a5
1985

c.v 1000%) 57(%) 46(%) 51(%)

mean 2.8 1.3 32(%) | 77.5 78 50(%) 28 60
1986

c.¥ 83(%) 178(%) 76(%) T4(%)
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Table 4(1) Annval variation of the conceniration of nurients in rain water

Precipitation Total-P NO,-N NO, -N NH, -N Total~].N. K/P
1985 Jan. Tom/month () wg/]l (79)ag/l (8733ug/l (13%)ug/i (2348)ug/l (26)
Feb, 185 8 12 276 223 512 64
Mar. 144 6 13 303 375 591 115
Apr. 166 5 9 221 395 626 104
May 92 12 18 298 474 790 66
Jun, 316 3 4 134 260 398 133
Jul, 47 20 20 608 878 1506 75
Aug. 62 g 11 143 225 379 44
Sep. 153 3 8 204 208 418 103
Oct, 71 B 19 256 444 718 118
Nov, 63 4 22 341 408 744 124
Dec, 42 9 20 267 404 651 77
mean 112 8 14 277 390 678 87
e.v., 58% 41% 44% 46% 46%

= A(2) KRR REOT AL

Table 4(2) Annual variation of the concentration of nutrients in rain water

Precipitation Total-P NO,~N NO,-N NH.-N Total-1.N. N/P

1986 Jan. 2mn/month (29) w g/l (300} g/l (23000 g/l (3100) e/l (57000 ug/l (197)
Feb, 17 25 28 648 870 1350 54
Mar. 189 38 8 197 831 1100 29
Apr, 100 3 9 270 321 800 200
May 160 43 9 278 299 590 14
Jun, 160 31 >0 424 527 450 3
Jul, 66 43 5 487 514 1040 21
Aug. 246 1 2 5l 61 110 110
Sep. 123 1 11 419 340 770 770
Qct., 71 1 1 384 318 710 710
Nov. 46 1 15 293 372 680 680
Dec, 110 i 14 185 228 430 215
mean 108 17.2 9.4 332 413 77 45
oLV, 103% 82% 48% a2% 43%
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Fig. 4 Monthly amounts of nutrients deposited with dry fallout and rain water.
Variation of percent ratio of the amount fallen by rain to total amount

(R).
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H(5~25) 2 0WHEHIONTO NP HICHEL, FSA74- L7 HICEETZEYR
ED, TORMEY, N P OIBLARETHLITREERTLIOTHZ., —F, BEELSY
DETHED NP HLIEIHEEEL, EVEFRDPEUINONL G, FAE N0, NMLREDH R
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i
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1) Hkag® - EAEE (1985) &SI OEZE -V OHEE., FRAEES, HH, 226p.

2 RYEL - BABT - A# X (1979) : REBETHHOFEERIIOVWT, BXAERRE
A7, 65, 79-83.

3) EHEEH (1981)  Br#EROBABERITXETHSOREEOHLIIDNT, HI
NEMEMFRMYE, H205, 27-42.

4 EHEH (1981) BrfBCBI2RA8Y 50X BECETES IV IOREES I
2NnT., EVEWERTEHE, $508, 1-10,
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EVAEHENARBE H16S (R-116-83)
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o-2 EEBBKCETNIEREFIOAERERE
Per Capita Loadings of Synthetic Detergents in Gray Water

Mg - HEER—
Kazuho INABA' and Ryuichi SUDO®

B R
ERBEHRNXCEENIAHRAOREAFRERPMZEHIC, RBEEFHTA
METOBRBEENREE L TKRBERKEOHRELEToE, BOhEFEEREROLBYT
H5.
1) SR OIFERE, HBAS=2.1g- A"'-d""', LAS=1.0g+ A-d~", POE-NS
=0.07g- A -d ' THho k.,
2) WSORKEH OR oL REE2BLTEE-ETH ok,
3) MBASHH L LAS fEOHEBICAKELEH LAY, FOMOBEREE—ETH
o1,

4) BB BERESIC X UPOE-NSO FEMAHI0%EA L,

Abstract

Surveys on guantity and quality of gray water from small residential
area were pade in Yasato, Ibaraki, in order to know the per capita loading
of synthetic detergents.

The following results were obtained :

1) Per capita loadings of synthetic detergents in gray water were
obtained as ; MBAS=2.1g cap”’ d~', LAS=1.0g cap ' d~', and PDE-NS
=0.07g cap ' d°', respectively.

2) Distribution of the isomers of C,, to C,, LAS was not varied through
a year.

3) Ratio of MBAS and LAS was similar for a day except at evening.

4) Per capita loading of POE-NS was decreased about 30% by citizens’'
campaign for input cut of lecadings.

1 BLUsIC
2EESWOBERKICENT, KEOBLILIZROEORE, BH, HBKRLLTOFAEY
b, 2<OMEFELCTHS., ZADOMEERBETZEHDICE, FN, BE~ALHRATS

1. EiZAFEWER KRELERES TI06 HEE- EHENFN16F2
Water and Seil Environment Division, the National Institute for Envircomental
Studies. 16-2 Onogawa, Tsukuba, Ibaraki 305, Japan.

2. EMAERET HEWN TF05 HER-IEMFNEH?
Engineering Division, the Kational Institute for Enviroomental Studies. 16-2
Oncgawa, Tsukuba, Ibaraki 305, Japan.
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FERERVBKRCLENSY, MAETHEREK LELAFZIEODVWTIRALED £ T AHKEIIHK
ETLIEHBEEATHD., L LEEESKIID W THENRHEI A2, FETFRELS
HFRELFOREFEATWIED ZALOSLARLBOETARKBIIHBEZLATHEION
BIRTHY, TOEDEEBE LR >TWHAEBHOATOS LI 22 EE#EERICEZ D
DLEEOLNT VA", LEMEFXICERTIEEATREZYETZCE, TRHEOHH, &R
BEEORELREFALETCHY, HpOREGLARWLZIOADN, Zhb0BiH, TAEVE
FIic#ATEL T, RAEOEALDOBBBRECAERIToTNBIZTE RV, EFEEHKIC
FEKEFELHLETIEDIIR AL OEFE, TEEHZQOIEROZILLELT, BRENE
WHISETEERSLHECERS, SRABEBOHER, SALLELRS,

INLORBARFEERETALT, ETERHEPAISENLFEHEFEOERRNEL, 35
KEOREPESRORMEEZLMICKEIZILESFA DD, AHECHEERBRKICEENDEE
BMEBEOHRTEREANICAR T 2AEEENERVEY, ZOoATTHENOFHEERT TS
rEEM, AHRBAE-BRERELISHHEADIEERBKIITELALOBEEILTEY
FPOERBERUVAZRA M RUBEERZYL, ARLEDTHI20W, BBTORBEE 2L
ZLEZADE, THEHICABRFROEROBEBIANE>ET TR, FEHHPEOKESD
HEHOWECBWTLEELMBZ 49500 BEbha, HHCHALTLIAEERAOHATR
BRIZ20TR, HRIEATIEEROERBAEELSZ ATV IV -FEEDPHEZ LTERA A
VHATEERAPHEEIATHEHAAFAS ., LALEE, @, HEOCEBICSEADEFEREA
OHEBOREZNEREND &I T, ~MELETHIHLOSFTE->THY, RACKHEER
WMotTrEbOB&ARINTELY, FATIRAOABTIIONTEHETA, PLI-LEASED
RUBLKARLGNG., AFLYyIV-BHDHERETRAERBE LAF VY TN —BA F > bk
FHEERL T/ DOFRNALNETELLIPHRIIARATHESZLDEYD, ZO LD RBRFADE
AE, NEOZELICEHLTE#E2ES B30 EERAYH 3.

FITAHETR, BAAYEREERAAORENYPETHEFHELREARAZVWEHE LS
NN EIANK U BE L FEERENER L TETHWER VP F LB/ TV HRE
EHEHCDWTETNEHEORT 2TV, FOBICIALOMEORER T THAEBMNE
BHLUE.

2 HWEFRE

2.1 BREIXR

FENFEELTRE, RERHGHNANBITEERRODLFOEELEAY, BFOFETIERE
DHEBICHIENIIRE SN E - FRSBEETHY, OGS L EENTHELTWS, 241
SISF AR FTAEIBRIA T AVEDEEENISELEDE T UZEALEH 5
H, SHOANVOOHEPLEBFHALEIPRT S, ZOHRTEFHOERE B> 2 BIZMHED
bhEsk, REIPODHREHEKE EEICESBINALENRAATHS, s, ARBEOEBA IS
ATHD, BEIEHEIESFIVRESHE T » k.
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2. 2 ABEHE
1) Bk oz
HKBRIEKLEZUFEOKREERICEBHELUSEDNSBIEALHAL TV IREDH S
MBI HABOEENEICLEFEEHALE. KMEELKIDFERLFOEE,I O DL
MBS EE A UFHOTHRPILA-V» L7V~ LEOHREHERELT, 20OKRELE
EBERLTROE, EENETE, MNOBEEIOHETEHKEY Z A BT LI RUAS
KEY, TORBEBMICELABED DRDE, '

2) #AKEE

UFECHRBEHICH2HICESRABEREL, 1BECLIEH, 4BEMOEKEF>E. Z0
BEEHEABIEBEAICREZATW2ESD, BEORWERBLERIIBKERD oS T IUHKR
KBEOFTHMELEZ TTRAPH2EORRBORBREEHRICNSIA T/ AERFXREE A
NTHELE., —F, £BLLIEKBRAOCKGPER T2 2ORKFHELRZZEFBE. 2
OEHLAFZLERABEACY, IBRRNCIETFORANORENISEZ - VRETHRKET 2,
— BRI EFNFLAOBAILEIZHEECERALTEESLEEREEBELE, B,
BRI HBOTHEIOUBETRE 1IHEL E,

3) NEIRE : .
 ERBRAEROAFREMNOBER RO ERIIT o ERERAF LY I LB EEY Ok
BAFLTN-FHEHE (UBAS) OLELHH, BEEE IO /574 L S SHEHSHEF L
FUAYEYANEHE (LAS) OFEZAHT, RTIN/NVMFASTVERE-EVILT T
VYNLY ) - LBORBEICESRUA TR L B D REESEH. (POE-NS) o2 EHHF
DIFATHS, 2B, BEEATHICC/CARIIEYBEEFo7, ZNEUARETHEDA
FEREIIARATECZEEREETS D,

3 WAERS

3.1 ARGHOATEER o
BEAEROBFOEELL I BICHE S N8B KE, XBASHE, LASE, POE-NS B0 E£h Fh
DEEER I ICFRT, EROBEE " LABLESE, BIKBIPPAEVETSBAX
MEOBBEAICA>TEY, 20BENEREOKEREF— RN THEZEERLTND, —
FUBASO BRI AERDHEMIHRTRR N EDOMEER oL, ZHRBEPOLLZARETDT
- AR LY HB LN TOHENEBED LR LTI E B KBEETICHLTH
DEEL, PRYOEETHRAGEHBOMNBORAET> TN EZIEFAZEEZEASNS, LAS
BRUPOE-NSICOWTRUBMMAZ L S HBEThAanos k.

B LBV ITH HREBOAR AR OB R o 2 2 BOERHBILARNER
NERSEOHAR R AW TLABOEMAS 2 EAbh sk, TADER1 EVBED
MBAS BT LAS QEBEEAWTAEROLARTARYAEL 2o TNBIERDMB, L
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® 1 EREHRDOERERORE M

Table 1 Per capita loading of synthetic detergents in gray water

Discharge ¥BAS LAS POE-NS

1 cap”t d°° goeap' d' g ocap”’ d7° g cap™t d7!
Weekday 214%52 1.88+0.45 0.81x0.28 0.071x0.028
Weekend 231 £40 2.73+0.73 1.38+0.25 0.078£0.026
Average 218+50 2.12x0.60 0.97+0.35 0.073£0,027

LaRsHRBRT POE-NS OFBREREA CBRTIGEEOLERSRLAEYTH -2,
HRZDES REARICBTZ2ETOBRII DV TRBHADOEMICE > THANZZATH 3
B, NBAS B U LAS A EIMBEANATHEOLA LT PUE-NS -REFHARMN L LTOBENS
NZEEEAADRALZASOERAKINABL LT HENSZZ2AZA 0N, FIIERX
DEENE— Y OEBILOWTT Y — NARSOLER S S S,
REREHORBRUSEHICEE TS REMEOELIGEAY RSN o,

3. 2 EFZHBXKPOLSOESTHA
EMEPRBTOEIRFLOEYHEERBTAICBFNFNOREEEFIC >V TREER D H
fLlENDBHENEILLENS S, T2 THEEShE US oW TEBREKtkyOw Y57
A&V EDOHESERHLEER KD E, I FOEREE2RY, TAThORBERSLT
WEANER(n)EUVEEMNE ()OI Toné¢Cnlis *LTHRLE, AEXNEDLBEOEEN S
FHEENE S HETO2BRRICFRTEIOLEFSRASWH IR I EM2EL THE—¢
oz, : '

Aug.1986 Av. ] [ TT1 Il
Oct. 1986 Av. ] ] [ |
Dec.17 1986 i [
Jan. 26 1987 | [ |
Feb.25 1987
Mar.27 1987
Apr.24 1987

Jun 11987 [ T T

M 2 3 4 5 234 5 2345
n 11 12 13

1 EEBBEXFOLUSOEMSEESDTHE

Fig. 1 Percentage distribution of component of LAS isomers in gray water
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8. 3 MBAS{HE & LASTE O L&

ERPSEN, MAPEEZHAFCETAZ2EREANONEERITOESIZEIFZE A Y KBAS
BEAAVLGRATET LS., LALZIOHETHECOBEOBRAA D HYERARRICAETENT
LESEDLEDOEHKADVWELTHD LBBEEIATHE, EHUEHERKEK DT N7 5 7 1
—i&EaEN, #ERO LS OEROBEHFTHLAZ LRV IZEOCTF - 20EEL{TbA
IO AN TOHEBEBL YW TEARYVELDESKRENY, FZITLH, ZHhDHOH
KEITOD LTOER 2 ROZEDICEBHEI KT OUBASO B X LASOBEOCHE®T > .,

B 2IEERREROH KT BASRULASOREOHZH 2 I BEEEICAELEERERT.
ZEVONBEINKBIIEIZLEEDNDIRERC— VW EMPICHYHEBE L D EBEED
NE—VERLTWS, LIARTILRDILBASOBEINEE LGS, TOURRIBATEE
FIOILETELE, ZhIEIBTHABIIELAZARASORELEDNS., 20 &1 HBAS &
LAS ORI OEMABREIIEIoTERTEZ e 22228, SERHIRDNEEFTNOREILS
WTLIESDORKREBIHADH T EBEIIRFORSOEBOBR LI TS BHEHEL
TBHTHEDD. ‘ :

REBEHRZ2ILSHOFETHONEBASXIASORESMEOLEE F L HE, FEOTHE DD
RESDEL oA, BE, FHLLEHEIR bk,

03} 110
= "
a 5
o 02 5 “B
¢ MBAS/LAS <
2 =
O
P
9 o1 0

2 MBASRULASHEMEORMZEL
Fig. 2 Changes of per capita loadings of MBAS and LAS in a day
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# 2 EJEMHEAR G DHBAS £ LASD L
Table 2 Ratio of MBAS and LAS in gray water

Weekday Weekend Average

HBAS/LAS 2.37x0.72 2.01%£0.51 2.27+0.69

3. 4 KET-9HoR-ATHIEREBREIHODR

EFHBKICIZEEATE ST 510, TREVNABEECEAHAEEND AR, Fhik
B —BEREICEWTHANEFAE T LI 2HEI»SC BT TEL ZEHPEETHS., T2
THAFEOHENIIATREXOERIIH LIREPEFABEL U 24AMBBOHEOHER 2
TOHRBRETFORER2 T > R ERILHAAEHET-T T OBE LW TIRFHLE, WEBEM
[d61EI10F150BA A S1IA LHBETEL, FRFhBEHOBERBILA Y > 7L E2ERL THH
Lk, ARHIEOAEZEICHTHHEARIZI0A208I104F 0, SHOBRLUBEREHICA-E,

B3 ICHERMA D NBAS, LASRUPOE-NSOAFREMOHEES %, RIILEREGIWH T
DZHNH3HEOLEHEERT, H3XUSHBEDIZ MBASZLASIE oW TREBEBOMET
AFBEOELER hAadok, ~F, RIFEUTHE3 XYPE-NSKSDWTHRERBEHOMETH
N%OELTARLN, FHEEE N2V EALEBEOEND B I LEARBENE.

3 L iy
MAW* |
01 m

00st \/RH/Kh**uf/R\f/ﬂ
15‘16‘17’18‘19;Olallﬂlmlﬁdlzs;ﬁlnjﬁlnlm31 1

Qct.
[ 3 SHEFOFEBECMEIIEZZENBEEREHOHE
{a)MBAS (b)LAS {c)POE-NS
Fig. 3 Effect of citizens’ campaign for input cut on per capita

loadings of (a)MBAS (b)LAS (c)POE-XS
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EEMERKCE SN ENEROARMFERA

AEFELEZZ0EORZRE TN TLDERRAOEARENRB ST VLI LILERT
LEHEABND, Thbb USAFUKERTH20ICH LT, PE-NSEEMAEL LTOEAD
HLZNEFNOHBHRFRLZIED2EDNL S, AI—FAMBCTOLEZFRNcOT - b
BE W IAIEREHONETRER, 4FBVWIThBERFESNEMLLTBVATREDOHIE
FEBENE, RALTUF-MAEOREE25ATS. ZORREZRIMYKERNEINOHIE
HEFENLFTEAEL, BIOHEOEAROEH I REVESTOHRNAPERICEN 2D
2REBDLERLAD.

® 3 ATWRBEMICEADERETOHR

Table 3 Effect of citizens' campaign for input cut on per capita loadings

MBAS LAS POE-NS
E_E;;?T_E?‘ g cap™' d°7! g cap” ' d™!
Before campaign 1.85%£0,33 1.03x0.78 0,086 +0.00%
Al ter campaign 2.18+0.62 1.034+0.36 0.0568£0.011

#* 4 BREFMCETET - PRARR

Table 4 Results of questionnaire about synthetic detergents

B $REO0FTH. BN LREOOWEARELEOLDIIILTET S,

1) &%
1) WO EHMTAEL >THSBRAITHD 6.1% 22.4%
2) FAOUECRR, BaYTAassThoBATED 30.6 44.9
3) RTHELTHEWTHE, BRATHD 28.6 4.1
1) FOEE. RATHED 10.2 4.1
5) #Ofle 0 0
mhEE (24.3)
M HRE0RTH. RBEAFOERBERLO LIRS THET .
(i} i
1) HEH v I TEBACHEL. BREHER (BRXWLPL2ILTVESE
SGEEL) ¥BHEIHIILTWSE 20.4% 55.1%
2y Ay T REILEY, EREBCERALTWS 46.9 20.4
3) BEOEMLHEANTNS 4.0 0
4) oM 0 0
EHWE ' (24.5)
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4 Fe&w
HHERFGHABITESHEOBFOFENASHHINATERERCIEENEAREHDH
HMEMEHRE, ROAFHEhERoE,

1) AEBBREEE NS 5MNARROATREMEL, MBASL L T2.1g- A7 -d™", LAS
ELT1.0g- A" -d™, POE-NS& L TO0.07g- A" -d™ " Thok,

2) MBASRIULASH P HE @A TENAWRBAMIEIAECELYVERIIREEOB L Z1.64
Lok, —HAPOE-NSOMIITFHEBRTIONEEL M2 b ok,

3) AEMBRISEENE WORNK»LBER L TORSHERDE, KOHRBKESFIC
o THEERRIT, ENEBLTEFE-EThHoEk,

4) MBASIRIC R DBA A Y UEREEMF ORI 8 FHEI/ OT T 574~k D LAS
ORBMBI-HL 2V e D MBS BMIL kD ERMIZIBOBA F 2V HREEEA PR
AFAOEENIBHLZZENEIZONE, FEZODOEDHE-BOTEHELLTEE L
%Zngﬁa&otﬂ,Mﬁﬁwﬁﬁwiﬁm&ﬁﬁBEE#HfﬁmwﬁﬁaEbné
EILAESL<EGLE, 202805, ZOLBEERIIERAOHAZILOVWTOEEETIICE
BAEAEZETOILEN BB 2L Abhok,

5) AEHMOEBRESHICLY POE-NS OFBAEE L L TORRERP Lz, UBSRU
LASICBLTREREDHLIZHBOPRETRE SN R o2,

F:

AWEEFSILEREY, FEHEORBILFBIHCEZRER, NI, RUEBEKOHER
DERIIBHFRLET. £, FEANBSL SV TEFARERVEEYATHREFAAELEREHRTRE
AEFEREEZMACHFFRACRHHL 7.

HH1 BREEHEIOTRTS 74 LI EHMFPIUEINRCEYANVKT UV BEOER

1) B M

BRREAOERREL S EHSATWIEHAY T LFNAYE Y ZALE VEELIS) BE—0
EH TR AFLVBCEINARFORA LS UBREDLOORESY TH S, EHIZZhH
SOLEME T LENBEOYOEBERTIL TS LAN R VEENEAET LIV EREER
ST, ThODRBEKON YOS NS EENBTVED, TORDEFAFERYICL
TYDESILERLTITHRERTSZILITERBIEEBROARKEZT I ETEETHD., 2
TEREFICESENDLS OESEISHNERETESZ LI IR FEEERTIZZE2ENELTY
HREOHEH RIToE.

2) BBERUHRE

B Lo-4h MEEBA S O M5 70 Shin-pack CLCH o FD15en®D0DSH F L L ben® H
~RHs AR TEHLE. BMEIZBIESPD-2ASTEA G R EHIC L V22O B IR 2 JE L
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TiTok, BEPELLTIHFERELEFLFILIHEHEIONSIL (C,,~C,.) £ETO LAS I C,, OB
DOBHEFEEEEIVTREATHWZLOEEN, I TERIGEAHEMEVENICAFLE,
FOROEESRIBEG I/ O /S 7HELEEROEOEFEAL £,

3) ERERMGORE

ERPETOLNT NS ASOBEBEI/OYT M I 74 L LDERTCIRBHEL L TAK-A
B LEERAK-—FEIZPILZEOTIFOEBZ—EIL B THEBEEET W B3HRRLE A
ETHDZAD, Cy~C,LETO LASE—BIUERBICTR3LERENMOENAETEZ LD E
HBrEEAn, FZTCKR-—TFTEMZPUNRT SV Y PEHETVWERBEEELZET
WEtszreidalk,

BHEOEE, YSUsMEHFENANIELEIBTRELEER, BOLFRTEMETY ~
JOGDHIRDEIVIEAGhok, ZOLEOI O RS FLOBARRAKEST. D4 &0 7
LFNVEOESOERLRD UWSONBEITETHABFARBIIDVWITESBERSLTHEAW, 21
EREBLTDICHBEEZNELS TS, HFTLEECTBRENZEIZAONS, LALWTHhOES
P19 7LVOWEILETLIHEFEL RYVBHOP TV RAMI 2B, TAFLORK
SORBPHBETENRRENZI LD S ZOR S EREMRRELLE. '

= 5 HPLCIC X 2LASOHIE&RME
Table & Analytical condition of ‘-LAS by HPLC

1) BEHELKH
i gnd 0.02mol dm® NaClO. RBEE-—-FE kU L
e 1.0/ min™*
2y YUz NERE
B S ¥aCl0.seln, 72 hZ kU N
0~10min , . 30% 50%
10~25min | Hi&Y 5V zvhb
25~30min 20% 80%
3) WEFRMH :
YUILR 100 u!

MEHEE 222nm

4) ¥y 7N ORMLE

BEAPICEENBUBES BN T BBECRLELIET Y TLOBRET I U -7y 7
BREE 2D, BEAREOE S CEBEHPIRIIEENS LISOESILAET B RMBOEE
BRI RE DRV THFAEO AT RNERE - ASABEE 525, LAS QAR
COWTHRAREE LA BT LI VTR TAAE R ASARAVEFE" R KBS
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NTHBHF, BEMERTHIRMLLrAS,. B, (SIZHSL2HOBAE " HEESH
EHRZOHETHIEHECEENE LS, TN, BEPEBRFO LSOFBICIENTHE N, —ER
BLE USERR )~ L THHEIEZEDIIVERIVY N VEDIYRESFESYRORH
MLURABILBHETZTRESNBVYNISLAOEREEZ A AGEBEROL > LTHEDEZ R
KELY vy IV ERTZREEL L, BRURHAOISICEAYOBRRTHNEETILCIEIN
SOFRMBOBFHRRATORE, BELAELBERSADTAKELSS, LEEHEDEL DR
EEMEGRTO LSHBENBLWEHDFLELEVERERLILETRIRY., BZ2TZHhH50H
EEZAELET MUSEARHMYDERET I ABL UTBEMNMBEERNLE., ZOFEIEHSSE
EHETUEL TR LETERWIBELRRETITAZONANETS S,
WHEBEXLUTEAFVAY TF Ly b2 (MBK) 2HWE, C,.~C  LASE SL/ABEHE L NIB
K2 EZEB > CI0pBEHFEE S LE, ABRICELALV DL E2ENT S L USOMERII LR L
0.2ML TR VT AOHECLISEITE100% M EhE, TOKNNMENORREICKY 5RO
ANFTEMA, KERVBESZZILILIVLASERALEHETH I EATETH R, 28,
COFEWMEOENBIILASOHKRICE YRR Y, CLASTHOYBELPEHE I ok,
—=F, Cho~C, LASTWHEINBNICO%REBADMEL oM, ZHIBNIBEEKEOBEEREEIC
FEEBEAICIZEOLELNS, LALWTNOHEELFE KRG TERY Y SILELTETT D
ZEIRERUHBENFTGETH S,

Cio

Cn Ci2 Ciza Ciua

1 \—

[ 4 8 12 16 20 24  28min

4 Coo~C,alAS O b3 L
Fig. 4 Typical chromatogram of C,,~C,.LAS
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HIBKIC X B O BICHIBEE R e OERILE B I®EZ I &Y Y TG0 LISOBED
THETHD., GREZEAICELEETHEBEEETD USERELFOERFELHTLERR,
WEBECEMAATH TH L. LAV ZHRETRINIBIOEBELICXYENRENAE LY
TE2EORTETHE.

HREoBRESFEERHSIKELOE., BUOBBIZZYRBEO RSN LASEGE# S, BH
HICE WSRO RHMEY SIS 08NS, 2O FERIBEEZENBVESSENBEREN
TWRWAN, BEKOEZZ Yy FiICREd2nd, £EEHFRKDLI R ILoREIZER
WMETESLEAS.

Sample

~——KCI
MIBK

Extraction

arg. phase

~—— Hexane
e HQO
Back Extraction

aqg. phase
i
HPLC
B 5 LASOmUEEUSIRE

Fig. 5 Scheme of pretreatment and determination of LAS

fih2 FUAFLIFLUESBAF UV EREESHAOBESHEORRY

1) B

RULTFVIF U REAACEREHEEF (POE-NS) BHEEFHAENERLTWDLEHEHR
B—=-2THd, ZOPE-ESOEREL L TR F I FAYTHIaNLPHEEOHERENS O
RLUNFAL7oBEEDEE CTASE) ' AELABAVWSHhEY, ZOFERBRENEVWES
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Table 6 Summary of addition test and reproducibility test

Sample POE-NS M POE-XS
B R (ppb) i 7 4E (ppb)
F%iE(1987.4.6) 0 8 2642
15 3 7443
% K 45 5 4241
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Fig. 6 Scheme of pretreatment and determination of POE-NS
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Per Capita Loadings of Gray Water
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Masaaki HOSOMI*, Kazuho INABA', Hidec HARASAWA' and Ryuichi SUDO
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EFEHSERXOFBEARWREMOREZEMET LI A, EHRENBIHICEFILEER
(25F) EREL, EENCET2HEANREALFERITH>L DI, HEAT
HENMFEEFEC > Ty Y LIBEHEMYBRE L, 3510, EEHERORHE
FEHELLTOEREBEHOURIZCDVWTRHALE. BohEAEERUTOEO TS
5,

) EFLMORBOEEATRENMNG, KE218 1/ A/d, BOD 16.7g/A/d, £ 7.
25g/ A/d, TOC 9.17g/ A/d. S5 B8.46g/A/d, T-F¥ 1.33g/A/d, T-P 0.210g/
AldT, THREOEHEICH =, 2F, BOIDRCDIALYOEEHEATHE T,
XHEOREMHEIIAENEERL .,

2y U FREBOEBEWKL IAEHAWNEOFMMEICH T2 E o 0 E R #HE
LEEZ3, 1BERICIEOY Y T YEETIE, BEES T0C, T-N, T-P
DEFRGELB20%MWEO IS ODERHLEETHLI I REIN R,

3) RiEMERKORBEFEMBEL LTOXEBREDOKR, BRI, HHC
REZ2BREYEIEDo Rk, ZOFHELT, 2) THAEED
CIHECIEOY Y IHESCEMLEAFHATWRIT, 20%mED
HHoE2FLAMTSEZZY, EETFILHBETER, EBREDHLUN,MDE
FLMEFROEEHHERICHTIEREIG L, EEFAFLAFATRLTE
BAWMOHBHZIIESTWERRELELONE,

Abgtract

Surveys on effluent quantitvy and quality from small residential area
were carried out in Yasate-machi (lbaraki Prefecture) to estimate per
capita Joadings and pattera of discharge for gray water, and to evaluate
the variation of per capita loadings estimated from the surveys with
various sampling frequencies and effecis of on-site reduction measures of
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A RIERA &

gray water loadings by residents for themselves on effluent quantity and
quality from the study area. The following results were obtained ;

1) Per capita loadings of gray water were 216 l/cap/d, 16.7g BOD/cap/d,
7.25g COD/cap/d, 9.17g TOC/cap/d, 8.48g SS/cap/d, 1.33g T-N/cap/d,
and 0.210 gT-P/cap/d. The values of per capita lcadings of BOD,
COD, and TOC were within the low range of values ever reperted.

2) The simulation with various sampling frequencies by using Monte
Calro simulation and data of per capita loadings at intervals of ten
minutes showed that the per capita loadings for discharge rate, TOC,
T-N, and T-P estimated from the survey with one sampling per an
hour had the variation of about 20% as coefficient of variation.

3) Little differences were noted between the ioadings before and the
loadings after the on-site reduction measures of loadings of gray
waier by residents for themselves, such as measures by the
filtration of effluent from a kitchen and the wiping of oil attached
to dishes and frying pans using paper towel. 1t was suggested
through the questionnaire survey that the residents in the study
area had been trying tc reduce the loadings frem the household
effluent before the on- site reducticn measures, If the reduction
efficiency of loadings of gray water ranged within about 20% of then,
the variation of per capita loadings estimated from the survey with
one sampling per an hour would make vague the effects of the on-site
reduction measures of gray water,

1 @FL&IC
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ENEHILREBEEIATHS, " HEXELBFRZHS5L00, URHRKRZERIZRASDOMEN
Mah, MERAKABICHAENTOS, LALARs, SERINKTES 28 E 2320
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Fig. 1 Study are and sampling location
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Table 1 Methods for chemieal analysis of wastewater
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HREIEH:

Discharge rate (l/cap/h)

Time

B 2 HKEDFEREEL
Fig. 2 Diel change of discharge rate of gray water
Discharge in a time is shown by mean value

of 29 data investigated.

# 2 EFVHRICBUIARESHAkOBEATREM

Table 2 Per capita loadings for gray water in the study ares

k&  BOD con ToC SS T-N T-P
H (HIAN/D) : (g/AN/d)
=2 179 19.7 7.36 7.96 9.4 1.43 0,224
= 264 19.4 9.53 8.92 18.2 1.76 0.244
#* 199  15.6 6.41 9.63 4.9 1.11 0.192
=3 217 15.2 6.57 8.37 5.2 1.38 0.211
EHDOEHHE 216 16.7 7.25 9.17 8.5 1.33 0.210
ERRE(%) 22 25 32 30 107 32 32

TH 5.

4., 2 HUIFYLSHABENOIERRLGBERZE

FTIOHBBTHELALSOHERTIOC, T-N, TP OAWEOBRELERIIIFT. &
EBAKEWZERbhAE, TOC, T-N, T-P @WihOATHE:Y, WorKRBTH»BEHEOHL
WEBICRIELT, BEEHARZ N, Zhid, TTIVHEOFBENGSF X BN SV ED,
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Discharge rata (m3/h)

12 18 T 24
13 May 14 May

3(1) HeAREMICTOC, T-N, T-POEEATEOREEL (102 EHE)
Fig. 3(1) Diel change of discharge rate, TOC loading, T-N loading,

and T-P loading determined by sampling with 10 minutes

interval

200 W

200+

TOC loading {(g/h)

13 May 14 May

B 3(2) #HEARBITUITOC, T-N, T-POFEAEROBEEL (102

Fig. 3(2) Diel change of discharge rate, TOC loading, T-N loading,
and T-P loading determined by sampling with 10 minutes
interval
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loading (g/h)

T-N

Fig.

Fig.

50
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30+
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3(8) #HAkEMZTOC, T-N, T-POBBEARNEOREEL (105MEE)
3(3) Diel change of discharge rate, TOC loading, T-N leoading,
and T-P leoading determined by sampling with 1C minutes
interval
€
3°%7
-
£
3 4
e
o
]
- a2t
MY EC 24 e
13 May 14 May
3(4) HFAREIIZTOC, T-N, T-POFEATEDBREE{E (105 HK)
3(4) Diel change of discharge rate, TOC loading, T-N loading,

and T-P loading determined by sampling with 10 minutes

interval
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Table 3 Per capita loadings for gray water
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BOES D8 %2RY, N3O HEENZEDITOC, T-N, T-P AWML ABOBNEH % 5+
S, DEDOH VSV IHEBILHET2EL0E (THEY) HEEA— OB 2, %
BROZERAS, WFhOEB LY Y FU v THBFEC LB Y EEBATRDR S H a4
MELZ2E, 1RBICIEDOY Y SV Y /HRTIE, HARRTTC, T-8, 1T-P OBEHETE
B, ENENI6%, 16%, 15%, L%BENES S EELLETEEZ L AREENS,

= 4 BEEHOEWILILZEEREHAWREORT S0 &

Table 4 Variation of per capita loadings estimated from the simulation
with various sampling frequencies using Monte Calro simulation
and data of per capitaz loadings at intervals of ten minuvtes
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Fig. 4 30D loading, COD loading, and TOC loading before and after
on-site reduction measures of loading of gray water by
residents for themselves through information activities
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Fig. 5 T-N loading and T-P loading before and after on-site

reduction measures of loading of gray water by

residents for themselves through information activities
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Table 5 Per capita locadings gray water before and after on-site reduction
measures ofloading of gray water by residents for themselves

through information activities

- . ERTFHMCETA EREHRIIBTD
RBHOTEHE TR B 0 H

FAKE (/A /d) 0.23 0.20
BOD (g/A/d) 18 15

coD (g/AM) 8.0 5.4
ER (e/A/d) 1.5 1.1
Yo (g /AJd) 0.22 0.19
58 (g/A/d) 8.0 4.6




ERpEH kO E R AR R

5 F&o

EEESRKOFEARFENONER2EET S 2, RBEEABITIETLHIE (25F) 2@
El, EFMUBIA2FEAMAEMAERT > 2 b UBHAWRENEEFHEIL >y ¥
FUTEEMSHRFEL, SO, £EEBKOREFRARE LTOEREHOHRII OV TR
HLE, Boh#ERER, UTOED2THI.

1) TEFLHEOEEHEMSKIE, BHEIFOZERICELELTHEEN, RESLPHEFOREE —
BLTnkE., EFNMNEEOBEAWREM G, A&216 [/ A/d, BOD 18.78/ A/d, COD
7.258/ Ajd, TOC 9.17g/ A/d, SS 8.46g/ A /d, T-N 1.33g/ A/d, T-P 0.210g/ A/dC, X
WMEOMEICS- 2, £7E, BODRCOAREOHFBWEEHRER, XHBoREMEIZE WIE
ERLE,

2) IODMETCHALBEDTIOC, T-N, T-P OBEANERH LW BEEBHERLE., 205 —
AEHEBICLT, 7YV HBORVWVCIABRANBEOHEHICH TL2ES D&%
BELAEEZA, 1BHILIEOH YT ) 7HETE, HEPTOC, T-N T-P OFEA
HEEL0WHEOHCDETHLEBETHZZEFRENE.

3) EEEHKOBRERABLLT, TTIHETERED 2T 2ER, EHETANLE,
20%EEOREHEFNRIAE, LAL, BEPHICEIEREFKTE, FE2ETRLEM 0
F. ZOBEBRXLT, 2) CHAEIDIRLIBEKIECH Y TY Y IEEMSTEML £
FEAWNEE, 20%HEOEb e R LEMTHESZ L, FETFLMETIE, HRE
LB ST FNVRAERECEBMPARICIHTIEENEL, ERFIFATHIXRLTHE
HEGOHRICEHTVERRELZALNE,

&
EREEHSAOETHEEICRL, FHAI*HRVWLAESHAEEROA 4RI CS, NBTRAFE
RUETCHKBEREAST r HARRBOHTAKXLBEHBLES.

8l B X W

1) BT (1987) : EBHI624ERR BEHE, 342p

2) FEEKREFELE (1981) kAP ANEHEBOK.

3) HEME— (1982)  £EHTFAKIPCOATNL FOAENE, HAKEHEK, 24, 397-407,

4) JEEERE— (1983) : HBEKE Y A>T EA. B EEEK, 25, 363-371.

5) HEE— (1987)  AWEHESRKEzH 2T, A%ELE, 51, 380-386.

B) BEFXKERSREKESEGZE (1983  £EENRKIET a7 L.

7) OHF OE BT O -EHES Q977 EEEEKCEROAWRUVLERICETIEE,
FEAETREFERRFEE, 119-121.

8) RIFHEN - MH BE-NIELEL AFEE- S8 —= (1979) - EEEAKCEEBEATHE
WEAE. WRINEHEFREREE, No.9, 55-36.

9) WA B EEEE - KEWHL - HREFHEE - AT (1979)  BEEREADO U VFEELHA
T REBRNEWREFWERS, $£11F, 45-51.

10y HERISEMH - NEEIT - 88H T (1987) : AEHEERKOBHAMREBMBE RS TIIHRFIC




WRIEMAS

11}
12)
13)
14}

" 15)
16)

17)
18)
19)
20
21)

22)

Myayrvyr— bHE. BSEETERKREESMEREEELS, 58-60,
BARF-HA B -BE H (1983) : £FEHKICETHWE (F4H) £FEHKDFE
BAHEFOHERKIL>VWT., EERBEY X —HRHE, L8, 62-66.

FIEXIE - FER— (1986) - £ERERKOFREL. BXOEWEFHAHE, By, 7-
20,

EXRLGEEY  EFREHEASTRER (1884)  HEHEROABIIETLIETTR.
75pp.

MEEE - WIREH - RS MH— - @OES - PRET (1987)  FEREHKOBEATRE
L. A& EgEk, 28, 144-148,

HHRBHSE (1984) - @r @S EFGRknBsiiEst. 13-19,

WAREF - M HIE - EBEHE— (1981) : EEHKIL S oMEL BHAIICHART ZFEEEA
. TAREBSE, 18(210), 11-19.

HRIER - ME—M - MHEE - FRER - HEE— (1988) 7 RICEBEFEHIERD
WMIE, HANKLABLESZ2ENEARASBEEGT L, '
MEEE -RBE—H-WVHEEYE - FHIRER - ABERE— (1987)  FYROBEMLERER
LSSk gi, S4 A8t R T4,

Hosemi, M. and R, Sudo (1988) : Simultaneous determination of totral nitrogen and
toral phosphorus in freshwater samples using persulfate digestion. Int. J. Environ,
Stud., 27, 287-275.

A& TAERE (1885) : FRABRFIE—19844F K —.

BMEXE - MEFEH - - BHl&c->2 - HERE— (1984) #li@dREFET_HTLEWMTR,
Ak gEsk, 26, 10-18.

FMAEY - FRER - #REEE (1987)  BHAMHIHATIEROBHRLITHIC >V T.
WISEHBEMEY YR LEHERLE, 85-91,

-52_



EUATHERFRES 1165 (R-116-'88)
Res. Rep. Natl. Inst. Environ. Stud., Jpn. No.116. 1988.

-4 EHAEISREFEHONGLRAECH T DHME
(F3%) TEHEORBEE
Study on Water Purification of Forest from View of Streamwater Quality

(M) Runoff Mechanism fo} Dissolved Material

TEHEE - AEEE
Tatemasa HIRATA' and Kohji MURAOKA®

E 5

FRFEIIHREGEHEBRBTEHEOA 4O RBRBABROERAXKERRMS, BEDHE
DHEHBHERT LTINS, B TA2E, ABOHELIREHEMBEICERETELL,
BHBICENTS, 2LT, BRICATONEREOBVWEIERATROBREEIC
Bh, TEBNWOERE VANWICEET 5Type ! GLEFHOMEY LE 25 Typed O 2
SPDFEENA -~ OERZIEHNRVWESAE, Typel DREMARGPEICSILHDEHRY,
Na*, Cr X BEREGEESType [ ICET S, Type D IZIEND, -NA B Y, K*,Ca’* ,Mg™"
LINICET S,

HFEBRBIIAONANIHEN S~ VORBWRERBONA YOS 72 FE TS
EREEEY, bbb EAROBKHICHERTZEZAON, ZOLEKEOHE
SHEFERNE, TOHERE, Type BT 2HE I >WTEEBERKE S HIZIEE
—#Fh, BERMETCERIYBLLT WD, —FTypeIZDoWTREREMNET
BEOEIUAEETDZE, I OOLAE, 200 HBEIBRTERENY —
DEVESBLLQHHETZZLATES, 2561, TyrelllpHahZHEITTA
T, HEICL>TOE2ELAERARIBIZZLLHELMIEZNE,

Abstract

This paper describes the runoff mechanism for generating the chemical
change of streamwater during the storm events, on the basis of four obser-
ved results in the Tsukuba experimental forested basin. The chemical
changes of streamwater during the storm events allow to distinguish two
types of stream solute runoff. Until the peak discharge concentraction
of each element decreases, due to a dilution effect by the surface runoff
water. Whereas during the recessicn period, the concentrations increase,
following two major modes : Type 1, which shows approximately the sams
concentrations around the end of the runeff period as the baseflow level
prior to the runoff event; Type IO, which overshoots the baseflow level,
The main solute belonging to Type [ is Si0,, as are Ka*, Cl™ and specific
conductance. The main sclute of Type O is KO,"-N, as are K*, Ca®* and
Hg*e.

1. EMAEWER KELEFES T300 HHEO LEH/NF/IEHRS
Water and Soil Environment Division, the National Institute for Environmental
Studies. 16-2 Onogawa, Tsukuba, Ibaraki 305, Japan.
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These two behaviors are considered to be mainly caused by the solute
difference in the interflow, main runoff component during the recession
period. The interflow might change the streamwater chemistry by leaching
soilwater, therefore the soilwater chemistry has been analysed. The
solutes classified into Type 1 showed nearly uniform concentrations with
depth, while the soluie concentrations of Type T near surface were
greater than those of deep soilwater and streamwater. Then, two results
correspond respectively to the runoff features of Type [ and Type .
Besides, all the materials belonging to Type I were found tc be major
essential elements closely involved in plant growth and forest ecosysten.
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Fig. 1 Location of Tsukuba experimental forested basin and measurement sites
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Table 1 Hydrological runoff condition for Event ! to Event 4

Observed period Total rainfall  Haxiwun intensity Runoff coefficient Antecedent rainflall
anount {mm) (mm/h) until 24 hours(%) within 10 days{ma)
Event 1 Juns 13-14, 1985 48.0 1.5 q,14 23
Event 2 June 30-July 1, 1885 136.5 12.6 22,2 20l
Event 3 June 25-26, 1986 26.5 8.5 13.5 76
Event 4 Augusl 4-5, 1986 291.0 40.0 14,9 0
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Study on Water Purification of Forest from View of Streamwater Quality

(V) Water and Element Budgets

HEEE - THEE'
Kohji ¥URAOKA® and Tatemasa HIRATA!
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WEOHEERFTE. 7Tone 7114 TH Y, EHRHFELZFAFNLI6.5% &4.58% &%
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BRICE>TEESINARALERICLI-THEZTAZZENIG, FEMIZEL
TS AL 2D EIINL *-8,N0,"-N&PO, " -PAED Y, =4 F 2B EDICND,
-N, Inorg-N, $i0,, €17, $0,%7, Na*, K*, Mg®* ¥ Ca’*»d H. NA,»-N &P0,'"-P
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Abstract

This paper describes the water and element budgets in the Tsukuba
experimental forested basin with the area of 67.5 ha. The water amount
and solute concentration of the rainfall and streamwater have been
observed during two water cycles from April 1885 to March 1987,

Annual rainfall amcunts during April 1885-March 1986 and April 1986-
March 1987 are 1576.5mm and 1532.5mm, and become approximately 300mm
larger than the mean value during the last Tive vears from 1980 to 1983,
Annual discharges in two years amount to 733.7mm and 711.4dmm, therefore
annual runoff rates correspond respectively to 46.5% and 45.8%.

1, ENAEWER KELZEREY T30 FHEE2IXHAHFIIEHE2
Water and Soil Environment Division, the Kational Institute for Environmental
Studies. 16-2 QOnogawa, Tsukuba, Tbaraki 305, Japan.
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On the basis of annual input- output budgetrs, a net gain for the
forest ceccurred in NH *-N, NO, -N and PG, -P, and a net loss in NO,”-N,
Inorg-N, Si0,, C1°, 80,%*", Xa*, k*, NMg®* and Ca**. Inputs of NH,*-N and
P0,*" -P overcome the outputs through the whole seasons in each year, and
surely the purification of the forest can be expected,

With respect to Inorg-N, though it is a net loss for the forest, the
input from February to March in each vear exceeds the output. The net
loss of Inorg-N is attributed mainly to the large amount of K0, -§¥ runoff
in summer season. NO,”-N concentration in streamwater tends to be
enriched in summer season, in addition -to this feature the typhoons made
the large magnitude of water iaput and output in two years. When the
effect of the typhoons on the input-output budgets in beth years is
excluded, Inorg-N input seems to be approximately equivalent to the output.
From this result and the large amount of rainfall during the observed
terns, further experiment is required to decermine the Inorg-X¥ or NO, -N
budget in the Tsukuba experimental forested basin.

1 HZEE#H

REAGTRECEHEERLT, #AREZCOBHE2HE 2L EbhTWEY , HHOERR
BITELHMBABLZIATHEINY, ZLOBEIILVT, TORAEBFEBL, +HRaB2
MF—RAFEREINTHWEBRTELRL,

APROEN LT 2 KERLBELZEFOR OBELEABRED—DTHB. “hE @A
HBELICRUAEAHFHEBRTORBE L, FAIHIHEBEEOELZHOMNITILEND S,
MEHEOWRESEEEES LI > TEERLTOINELIEE, 1B - BEEHPOOBEHILE
THNT2HEELH2HH5THE, BHFESIZIOLERAL»S, BE - HAWE - L8k BTK
CRAKEFToREKSOHREBBHIIL2DEREORLE, HEHRABRBTHRTELY . &
THHRTFEOERREELIIR 22084 THRHY, TOREVELBRKOEHICHRTZZ LN
HEMERAEY, EORZ2ORURBEREDERC L o TOSRLERFZE THAUAOBEL
AETRZELESMLIREY, EELLEREEE* TR TOEHBETEETLEIDIFRT
H5, ~WIHFHITRHOBLFEDICCEL, HENEFDLEL, F<OHHNRBELEAS R
BTHD, 23LEEE, FHEBLZATOWEERIZ L, BEK I THELENELHW
AEWMEEFBILLI-THEZhZ2HEBENECELR -, BENIEZ2HARZOFE LI TR
THd. AEFHEHRETY, RAAWELHAEATEI,GPRERIEHAASD I LIIT D,

2, ARFHEBRTIEATEL 2EEEL, BEYEAREREHEL TS, TOMOER
BEREOELHMS, BYPECERIIESEREOBRERE R, EAAWASHUATE & ORE
20 TEEET S,

2 HEFHRBHMIBIAR

SRS (FEHEFBRTABIT L CHABLEEMNEICHEL, RENKIEET.5haTh S,
HEHB DG FELBICBRFEEN, 2F, B F, THAIYDIETLRADE%EED D,
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2. 2 BEmEBREKE

FHHE A TCRAATEPSTROERIPBREZZ DS, 4 AMLBEIAETELIRLELT
B, ZZTHEFTHEOMB LT 21084 AN SI8TE3 AETOARHRELIWEEASRSD
£/ (190F 4 FAH108FE 3 ) OFEHEL LS TS, SRICODVWTRIARTEF (ARt X
YEIliThe) OBWE, BESEEOANETHMERIAEBEIENT (BRI vIEi
6.3m)DEHE ™, WEHHMOAREIKBER TOHAGBEZRLICELHT A,
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S 1 AREREe B FHAERE

Table 1 Monthly temperature average and rainfall amount

Honth Apr May Jun Jul Aug Sep Oct Nov Dec Jan Teb |Mar
Temperature{'C ) Hean
Hean(1980-1985) 11.3 16.6 20.4 23.0 24.5 208 155 §.7 4.8 1.8 2.7 8.1 131
1985-1986 11,8 17.1 18.5 24.4 26.1 21.1 15.0 §.6 3.7 0.6 1.2 53 I2.8
1986-1987 11.6 15.9 19.0 22.1 25.0 21.8 14,1 11.8 4.4 2.2 3.8 7.1 13.2
Honthly rainfall(mm) Total
Hean(1980-1985) 121,8 123.2 148.0 140.2 100.6 163.6 144.2 70.6 21.4 19.0 71.4 100.0 1224.0
1985-1986 87,0 95.0 415.5 131.0 211.0 102.0 101.5 76.0 25.5 16.5 38.0 196.5 1576.5
1986-1987 121.0 187.0 158.0 132.0 297.5 189.5 88.0 43.0 111.0 49.5 70.0 106.0 1552.5

- 79 -




FEMH - Topr

FEMOFEHEE B LT, 1985~ 19864 352 . 6mm, 1986~19874 T328.6m% v, T hiZid,
1985F & m8506 (AW & 136.5mm, 6 H30H~7 H18) , 8514% (105un, 8 A30H ~31H)
L 19864 (D & A8610 (291, 8 A4 H~5H) AEELTn2EEbh 3,

2. 3 RIHECHEVWIEHES
WXHBIIERATZ2012, BRELKE, RURKKAELAKETHS, Hda, biZ1985F4 4
MHIWTEIHETCOHTE, BLRBE LG LT 2WEOERNEBEERZRH VTV 3,
FTREABIL 0T, REOEOARATERKEAERESREN TS, ZOEHD S
JHHEBTAMERARY, AE-HEHBI»OFEECHEELE, A Akfzh (en) —HREQ
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ETIHHE S E400-500m @EHIZH Y, HERBEHTEEFRICHAEL TV S,

EHUEREARLREBOEL LTRAESNBZZEAZ VN, ZITHRITOBRRR S #
EFLTHB, ZHICiE Thornthwaite & Hamon KARFHMEATHNBE'” ., WIFh L FREEDME
iz FESHEL, EREGERHTELZIATHIN, HAF OB SHEI IS L
AKX TR HamonXASBRENTWS. AMETEHRAD Hanon A L EREELD, (nn/d) %
Rk,

- 80 -



(B 4 1) KN & P IR

1986 1987
] N D )

[
AN (30 =
Event 1 Event2 00 ]
- {48.0men) {1 36.5mmy SIOx 225 9 .g
?n ' 4
£2.0- e
.0
%
E 204
g
o
;—. 104
=03
E 61 -~
‘ -
5 *1 E
@ Lo &
o
1]
£z
[X3
a
A M 1 J A'S O ND J F M A M |} ] A S O N D J F'M a
1985 1986 1987
a8 Dissolved substances
1885 1986 1987
A M A_N p ) F. M A M J J A S O ND,J F M "
].: ||”-] || fr " Il T T |.[]“‘|-—|“ If mr—w I'x|;1!| T 1T HII TV [lll'rl I3
~ / LA W | leo é
= Evefit 1 Event2 2+ 0 e Event3 EvenM/ 00 K]
g (480mm)  (136.5mm} ca’s © (26 5mm)  (2010mm) T—222.5 ree £
- Q) a Al =] ] -4
61 r's
- {
]
z 54
4 : q : o
o Boad B g ‘o
a2 e ST W s, Aea g s od T
1 i P v e e o &
8 ,|e s *¥ 0o FOBeT Y Y ooty n eedge
31 voa PP ot ,/ ooK.Me wo¥ \b‘ ME
L
i 2
2 'Q"Wﬂ?ﬁivs&&&ﬂ“ Giﬂw-ﬂiﬁ..ﬂmﬁ'i’“ﬂﬂﬂﬂ -
< 1 b
oy rd L
< epetia el tessspeaend vt tug et it en e kgt adaag | E
o -3
g
-]
oL
[
L
A M J 1 A 'S O N D J F M A M J 1 aA's o e

1985

b cations
= 4
Fig. 4

NEHBECHWVE-OWRE, ALKE-EHRAKECTHEL
Daily rainfall amount, daily specific discharge and
seasonal change of streamsolute concentration

utilized for input and output budgets

_81-




P « FHEE

E,=0.14D,% - P, (1)

T2, D, WERER, P, BRHARBUINTOIMUHNERETES, H#REIESPILELT
nH, ERRBWELI985E 4 A H 519864 3 § T730. 300, 19864 4 K A 5198748 3 F T738. 3mn
THY, ZheEREEONMTIZEFEREAZICRS 2Ly, AERBRATOERERITE
ERYLHERETHELEEALS,

4 PHERX

4. 1 HABHR

Mk EIETE, ERTROBESFEHILLI->TEETDZIEEDLND, FE2RGEHICTTICH
BAlELPESADNE, TOBEIRTREICIEGETEE— Koy, BYPSHhEIEREDHE
MEEHILBEPTHETFREND., ZZITHETREMNC, BB HHEEBIDWTHRSZ 2
KT 3,

BRI, 19854E 4 B 5 19864F 3 FIC42{H, 198648 4 ) A 519874 3 A 12348 O I A& B
BEAEHLAEY, ZTORIBRICALIZHOENETLE, BET2EOHBMETHY,
IOBHNMOEWAELIBEWREORBRER S, LT, BEOMICRELS>EH/KEL, 20
FOMAHAM LI CBETSLE6L 2. BHEHYECREWERREALTRLTEY, FEpHIC
DVTWEBERTH TN, PO.Y"-P, Ca’*tpliBABOMICHBLREGRIEVE LA
We ZTABAOKRERBRHESNEEIRETRLPERIISHS, 220, BECLEWREQ. %

C=a Q" (2}

THEML, EWa &b EHAEALE, TOHE, HEGHROTVIEICTET AT, Inorg-N, NH,*-
N, NO,T-N, BRGEESC, Na*, K+, $0.°7, Mg+, Si0,, Clm& % d, ZOH, HRGHROER
BRI EOAKEIL DT, Efla,blépic (2) ROoOFHFEzHPCILLE, T LHBEH

YRIANTOREBUL DD THE TS, EFROLDII, XL, -K& Inorg-N3 N L TEFES
MGRLHDEHBTED, ZOURNM-NEBEFEOHEAE, AL L2 TLEB EEE
BB CHESATHD, HHEFU Y2V TE EOBEERELTNES, FiEABRETIIEN
ENT ey,

RESBEWEOBEGML, EHEBEREY N, FOXETOEERBIZERYUIS2EEBbAN
5. HERKECHNE, IBRFCE->THLELEINIBAAWRERIZE—EM, TobbAFY

=—-1,0%3H, HAMERETEIDL>-1.00EEH-2THWE, DEVYRARWRIZTD L 1E
MEOEWME LLICAELARZZILEERLTNWS, “hERBRIETEARS. PO -PliDn
T, BERCLTLERBELOMICHBREGEIDH SN2,

HREEhs, | AAHEETHAAEER2E LS, e HILLHENWT D, TEERLER
MAZoDBICEEN 2T NEESCE, BRNELECTENTAORICE S LE, 1 2 FEN
TEeHTE, BEHBICRIRVORESODEFRBEHOND, RF198E 4 AH 51986483 S0
BT, BEeo$v6 8 (415.5mm) , B H (211.0om) , 3 8 (196.5mm) , 4 A (167.0mm) , 7

- 82 -




Water amount

Water amount

Input  Output
Potentlal B
svapotransplration _ £
g i w00
Discharge —‘
o
400 ' oot E
H s
:
1 n H $
E
°
200 L - s00-
A M 1 1 A 5 G N D J _F M Tou
1985 1986
a April 1985 - March 1986
a: 1985424 A ~10864£ 3 K
a: april 1985 - March 1988
Input  Qutput —
Fotentlal F
evapatranspiration _ -
g 11 1500
Discharge
2
400 100 §
.
1)
w
— 2
=
e
2004 S0

M Total

A M 3
1986
b April 1986 - March 1987

b 19868 4 F~18878£ 3 A
b: April 1985 - March 1987

= E oI ABMTEEHERKEE FHKR

Fig. 5 Menthly rainfall amount and discharge

- B3 -

(F 4 8) KK L EINE




R - FERE

NHi-N (mg-I™)
5

[+

0.01,

NOI-N tmg-1™

]
Ralnfall

“IJD imm)

tmg1™

Inorg-N

L]
Rainfall

a: 6.02
b: -0.742 o
Y 3 -0,
008 0,895 .
1 10 00 (mm)
Rainfall
1.0 &
a
E» oaf &
~ A
e a2
h F:Y
3 *0
0a 2
& ot 08 aab o ¢!
a o &
[s]
[ [y
oom| Yi-0ast
T T 0.04
1 1 wo (mm? 1
Ralnfall
E4) 6
Fig.

10 100 (mm}
Ralnfall

I RFHCEENIPHRELRWNEOR K

10
a n 4 s a?
\o® (90 i a0 wa
an® - oa o
aQa 4 o E
o¥Ms © ¥ o1 c o oaf s ©
£ g o A A
S & A
7 ¢ -LETB s 0.6
o oot 53 .
T T 1 10 100 {mm}
10 100 {mm) Ralntall
Ralnfall
r-3
’— 4 o
-
‘o ®, a o0
A
AQ OQS & .
I [o] A A o
a o5 ool »0 8 o,
a 4 < a a ﬁ% o
E aa © [}
o n
¥ 2 -0.630 & A &
T T 3 a
10 160 {mm) o1l a A
Ralnfall v : 0459 -
T T
° 0 00 {mm)
(e} Rainfall
& a0
a
4 ALQE & O
C A0 @asn AAO
¥ 1 -0.630
T T
100 (mm}

0
Rainfall

1EIID imm)

& Relationship between solute concentration and

water amount in a rainfall

A o April 1985 - March 1986,

- B84 -

300

O : April 1986 - March 1987




(8 4 ) AL e MBI

1000, . oo
N o
1000 ~
ST Set R e, e
] A& 0 < a 5 [e]
SRS YU T L N R T
~ a a A 5] a ag Y aasp
z ﬁmb%g 4 voop Oaa Aoon djo
" a0 8 A 2
z a 40
z a a
w0 . . a 10 . s
1 i 1090 {mm} 1 10 100 (mm}
Rainfal 0 . r Rainfall
1 0 106 (mm)
Rainfall
%a -
£ | [a? o = 0
,.':!’mo o ‘3)&;3 A . o
1000k Tq 1001 &
z ADEAQC'Q\: o i o 6; g ° &AS a
" £ a L] ﬁf [}
8 “ E} 2 o db N &
z & a = @A% o & o &
T o 0
1 10 o0 tmmb 50l o 2 = L :0 a
Ralntali o 0 a o a
T
- A 1 10 100 $mm ' 0 100 {mm}
E] q Rainfail Rainfail
5 S S
Zuwols & p,0008 o °
g e 1000, °
Hg A a %:00_ o FY-YN o
£ L g -~
o o a n o
10 . . -~ o a@ = o . A
1 1 100 (mm) 8 s ab = 00 o s §Va 4
Rainfall a ola A 31‘ Aﬂ o %ﬁ
a © Q 60 ad O 4
o 1 10 100 (ram) @ a
Rainfall
A a o oL =] .
wl a a w Qo 1000 h 10 100 G
Rainfail
f- ’. Oa Fy ’— o Aa .ainfal
'a a L 5 A 8 o
) o BTk E; & % a2
I o
Lof- “Ta gy ~ 100l Sha %ﬁ
o 0 . [e]
0 Q ] A o
’ 2z
E ﬁb o a °
[
o [}
o1 T T w0 T
1 0 100 {mm) 1 10 100 {mm)
Ralafall Ralnfali
B 7 IBETLELEINSHMAATRLBEWNEOHGE
Fig. 7 Relationship between sclute and water fluxes in a rainfall

A :April 1985 - March 1986,

O : April 1986 - March 1887

A (131.0mm) 2 NE,*-N, NO,"-N, Inorg-N, P0,*"-P, CI°, SO  DHAATWREEL 2 Y,

ABULIRPLLLRBEARNILH S,

#j!
—ﬁ,

 Na*, K*, Mg®*, Ca’*OMAAWRIZIIAL 4 BiLEl A

ZMA291.0mmid £ EBEI0TEE B BN,

Ry,

nm),

6 A {158.0mn),

7H (132.0nm),

ThEATRAELRELEIZHE LN,
19864 4 A B 1887THE I AOEMF, BRTBETOEFVWDIE 8 AT,

FiLE&LEDIC,

Ll

297 5amil Z B A,

REFIIFEETIHHEBICEEY

4 A

Zhaz T hid,

1BLSBIIESTIVRARBCEBAANREI®A R, TOAES, Nl -N, No,7-N,
Inorg-N, Cl°, SO, O 8 ADHAHAGRITIZ < 221y,
S B (187.0mm),

9 A (189.5

(121.0mm) iZh B OBKEAET



FF S FHEE

BEiHw, POT-PlEB, 9, 10AK, ¥e*34 R 298, kIREA, CPTIF3RL 9, 10AICE
Lig=-THY, TORI-—VREWHEEOHER AL THD., REEWRNTEEZ520 5 loorg-N
DA, ML -Kofl&id 2 FHOEHET 50.3%, NO."-N:0.8%, NO,"-N:48.9%ThHork, Z
DEDICEMICEETNZN, -NEZdbhd, £E500,3EEAEEEN2VED, RIS LEGIZIZ
THMEEEOTH RN, '

4.2 AHAFR |
BRMICEoTHEENIREATRE, RICEREEDICRHAKBICIXEZNA TS, LER
2T, MEDSVWERILENT S, ALK LS -REATBEERAANELALCHS &
HeilfnTnd, 188084 A0 FE3AIKMTTR, BHHELEBICTHILERE Y, 19865
4HASOHEICDWTHPL PRI HLBR L 22 ARI AT AKEARERRS, BT
b, N -NREFCBEABESHENS Y, REANERLC, EEORBATHRRMN T
REL 2D,

4.3 g %

19854 A A Hi88THE I AEFTOEhEIL DN TREE LY, EZ2XEBELTNS, 2HEMAE
LT, MARMIUTHATOFINEL, ZFHCE2T I AR T AP HEIINL X,
NO,"-NEPO,* " -FTHY, ZTHAUADHEIFHIZ L oTTAF A>T DE, ZZIT, &%
HIZILL2HLPFULBRTARED,

ERARICEENS norg- NOHERLIZ 2HEMOTESHEEL LT, NE,*-¥:2.0%, NO,"-N:0.2%,
NO,"-N: 87.8% &b, BAKICIEEL TNL-NOBEHABHTHhELRo2Tnd, ZOHREER
Bl T, ML ~-NOREBARNELHB LEOLSZ LI, EFRHEELTRAAWRE LI YL,
—F, NO,"-Niz 1986 6 A L1972 H2H VT, HEARRIRAARE LEY, HICEHE:
BIZBAMPSIHAILHAITHEANEOHANEL V., ZTO0OEREHinore-N TRTH, HFHiL L
2T AFRIIAoEeEIZLND., lnorg-NOFHERZENIE, BFELZHIILRLEDLZH
PHELREPTTHRAAGEIREANEE LB > T2 Z28rbbbhd. FIZIRZTOXNE
LUEHBRPEIIEATERTH oL ZLILEETL2LENAS S, 1980412 3B E8506(136.5
mm) ¥ 8514 (105mm) , 19864EIZ I & MB610 (261.0mn) ILEkDEHAHEN, 2L 605K
BERHEOWTlorge-YXOREE2/ELTAHELD, 198EDHANRBILIH24 .50, TEHRBERER
EFHEIS.%EHAVS L112.3mE 25, Incrg-NOEBRKBEIC7T~9 HOREEEL.T2ng/l &
FEEHYE, BRI XAHEANTREIZL.93ke/ha, LEN o TERBATFTREIT 10.58kg/ha/y & =2
2, BHICEIAERAATRIEI - DOEE®O.462kg/haz % L 51V T10.67kg/haly & i B %, 2
DEIEAEAHELFERAS 2 EDDE o T WD, 1986EDHASE10IC DT, £ H 45,8
%, BEAkiBELLTSHOEHE2. 420g/], BRIZEIDIHEABWE.122kg/hatr b, ERAE
WEIERHATEEE RS D L 10.0ke/ha/y 2 2. 61kg/ha/y & e B,

WIZPC," -P M BEHEEHEILPTWHHETHY, MATHEPECIBEREALED, £F0—
BEERWT, SAAFEUREREATER EE-TWnE, 017 %80, W@ lnorg-NIlfi WIS H — >
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P+ 2
Table 2

forested basin during Lwo water cycles

HEHBHRRBICBTS 20 EORKNRE LW E (19854 4 A7 619874 3 A)

Annual input and output budgets of water and dissolved substances for ihe Tsukuba experimental

NH,*-N NG, -N NO,”-N lnorg-¥ PO,”"-P 5i0, c1- S0, Na* K* Mg" - Ca** pH SC
Apr. 1985-Mar. 18986
Water amount{mm) 1576.5
Input ¢ Mean conc. (mg-1~') 0.389 0.007 0.310 0,706 0.015 0.177 1.66 1,47 0.6834 0.271 0.195 0.314 5.1 14.9
Loading(kg-ha™'y~ ') 6.13 0,113 4.89 11,13 0.241 2.79 26.2  23.2 10.0 4,28 3.08 4.83
Water amount(mm} 733.7
Output{ Mean conc. (mg-2"*) 0.037 0.003 1.67 1.71 0,010 21,1 5.79 3.76 5.89 1.01 3,58 1.7 7.0 73.2
Loading(kg-ha™' -y *) 0.270 0.025 12.22 12,51 0Q.Q73 154,7 42.5 27.8 43.2 7.40 26.3 12.3
Budget(kg-ha ' -y™'} -5_.-8_6- 0.088 —-7_.-33 -1.38  0.168 -151.9 -15-.-2 -4.40 -33.2  -3,11 -23.2 -7.34
Apr. 1986-Mar. 18987
Water amount{mm) 1552.5
Input { Mean conc. {mg-1"") 0.284 0.004 0.355 0.553 0.008 0.174 1.76. 1.50 0.660 0.313 0.223 0.586 5.0 14.6
Loading(kg'ha ' -y~ *) 4.56 0.067 5.31 10.14  0.118 2.70 26,21 22.7 10.2 4.87 3.46 9.09
Water amount(mm) 711.4
Output¢ Mean conc, (mg-1"') 0.034 0.003 1.77 1.804 0.007 21.7 5.83 8.38 5.50 0.788 3.60 1.66 6.7 74.4
Loading{kg-ha"' -y ') 0.239 0.023 12.57 12.84 0,047 154.3 41.5 24.0 38.1 5.60 25.8 11.8
Budget(kg-ha™" -y™') 4.33 —-57045 -7.06 -2.689 0,070 -151.6 -15.2  -1.30 -28.9 -0.74 -22.1 -2.70

FRRBE 7 Xk (3 v )
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FHHOT D, $2500LELELLTEHEFODETHY, BWMICIBREZALYSEN TN,
RERBHTE, FAHAWRIBKAAWEDNHIL D Lo Tw 3,

Na*, E*, Mg’*, Ca®* M., RHEEIYERKBECHFASWHETHS. AWHEIZLT
NEEHERTIEFE LW OREEHIMNY, AEABRRTEREBESR 2 -TW D,
HZHETOWEBBIC >0 Tidlikensd' " OWMEFRLHMONTND, 1963FDS197IE F
TOI24EE Hubbard Brook ZRETH - EHH L, WAAFHER2 LEZHEMIIEZ2TRTZ
2N 7 B E N -N, B R PO -PTH Y, A F AL HEILCT, Hg't, K, Na*,
50,7, AP* BB ABRTHALEWELT WD, LTI AL LDHEEINC, -FECT”
THBELTWS, N0 -NI2WT, I2KITEDON, 3EFETAFT AL ->THD, HARETRE
B 'Lk THANIRESZRTWS, 2O—FE LT, B8 LHEMEHE TIENL NN
-N, P, k%, Catrd TS RAIILARY, MDA TAFTRILARDERELTNSE'Y, ZO LD, &
HAEBRZRTOMHEBHAIRHROUR T BRI - R - BE - HEF TRELELTZHLRERS
N3, BICERIDVTHE, Lha SEURLOHBETHERLETICER SN TWES Y, 20%
BRAHTOBHFTIZOWT, BHPRNIAZO K Tke/he/y OF -HTHY, TOHNFREIY
H— AR BRELE>THRELBRENEEED ., MAT, HAHZVWEIHEETHE
FE T 10kg/hal/y D THLUTTHY, ZhALOBHBILRBRALHETLHEHERICENTED
TAEW, 2 AEFTLEDIL, HEHROREBEFELAIERIAGFRTZ2EL A 2UD
BTEBHLE2EEBALNE, ZH5LEHEALS, AESHIEARETORUL S SIIHHKT L6
EhHDD,

5 HMAEOEREIEEZEOETER

5.1 REBOHE
HYGEOERICLIZEREOECESIRTETZE0, BAFEREMAY, RRBACEDEKIAE
BEkopE, MEMRIC I F, AF, BE-LEH, 7hHeY, v/ ¥PRTHL, F1EH
BITI198A4E 2 Hio kb J 2 A MM, FEICAICEE - BRES, 7hHvv, b/ ¥FHfMgE L
EAOHKEPANEBEET oA, F2EEIFIWBFICAICHEIZAC AL BATEARFRE
FPHEEGARBAETEEERLE, F2HOHARREELDLEHLERDEDTHD.

(a) v J 3
EIERHETIEMX2MO I RS — FRICR J ¥R, AF 1%, 7353 EBM8FELEN,
SEORBETRE / F2ERFEHELTE, 2OHER, UAREEIZ2B0RE /arhok, B F
OMBEEIR7.5~26.1cnT, EHHEIL16.8enTHolk,

(b)) A¥H
FEICHELEIRS-FKAT, AF I EABERLTWELEY, BEIZ2930K/ak ok, 9
EEEIL9.4~29.5cnDEHICH Y, EHMEITIT7.2e0THo &,

{c) BE - LFEHE (VXF-3F75#)

BEICHEART, BEEZESB FOBARTZEAERLTIWEZDILHL, denREOMATIEA
WAREFHIMLE, TOES, UREERITATNIGOLE7004/ha sk, HEERINE
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O 4 80 A L PR IE

T5.1~30.1cm, HET0.33~2.05coDEEICHY, EHEIT12.4enb 0. 98enk 7o 2,

(d) Z7HTVYH
BBMBAOTATYEKBILLLEYYHEASRAL, BERE IR0, SEOEETE
XS TVYRADEDICAKIEIHMEL, EERA2%MOI0AK/hak oo, —-F, WEEES
enFEOEE  FESAFAENL, BEIMUEOUTIOE/aTHo B, TATYOWEEEIZE.8
~20.8caT, EHFEIFIZ2.7enTHD, WEEFES oMl ELO¥E - FEHOERBIIEZELERL A
o, WEEE Scnkd b T4.6~20.8cn, LAFTid0.80~3.8lenD@EIZHY, EHfEid

FnFNil.Tenk2.05enTH 5. '

(e} b/ ¥aiish

MEE EARTLIAEINL 2, EEIZ20008/ at ok, BREZEILI12~6.50cnT, F
PR IE3.42cn T H B .

HMEEDICO>OWTEE IR - KRIZInxX 1o@ /M RS5S— KESHR#ET, 2oRICEFS
DHEL.IMRBOB AR EA TR TIRTHNIRY, EBREFELE,
FEHWEEEDOEARARRIIE IEFETCHESATNEY . ZNbeELHd e,

{a) &/ X

1 1 1

—_— +—

H 1.88D 18.6
(b)Y A FH

1 1 i

- = +

H 2.52D° °°* 48,2
7T

)

1 1 1
= +
H 2.91D°' """ 15.8
1

(7 Hh=2v)

1 1
=+ —— (HE - LEH)
H 2.40D° *°7 34.8

BECHEGERESEWNEL-NEEELORBEEENT S, - EYEEERIRTOMEK
Rirn, FCRO-HMBERLESE2A VT, B, B, ERUVBTHEEZ#ETLEY . 2EH
FROFEICE, siMt FUHENEREGREHEVE, HEIRSILBEIRFREZLTE Y
Tw3, 2%, TRLH2EVHABRBEINEOREETH S,

5. 2 #E#MAHOHER

IIZTHHEMGEOERICE- T, BEa3h2EEEEPHTTE. 2A0HESRHEEEL T,
ERHBMEAF L/ FTIE, WOSHIR2FLLE, HINLH22HCHEROENS, #
MBEDEERERHEE (kg/hafy) THRTERALL 2D,
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F I BEFHERBOBERLRE
Table 3 Estimation of stand dry biomass in several vegetations
(t-ha™')
Vegetation Age{year) Trees-ha™' Stem wood Branches Foliage Root Total
Hinoki{Chamaecyparis
obtsusa)stand 30 2350 145.9 19.04 18.23 49,45 232.6
Hinoki (27) (2400) (126.9) (15.70) (15,90} (43,0) (201.5)
Floor vegetation 0.0238 0.0096 0.0111 0,0445
(0.0199)  (0.0081)  (0.009) (0.0370)
Toral biomass 145.9 19.08 18.24 49.46 232.6
(126.9) (16.72) (15.91) (43.01) (201.5)
Sugi(Cryptomeria
japonica)stand 27 2930 I":S4 17,32 36.84 36,31 226.9
Sugi (24) (2950} (125.6}) {15.8) (33.9) (33.2) (208.5)
Floor vegetation 0.00271 0.03105 0.00125 0.00501
(0.00038)  (0.00015)  (0.00018)  (0.00075)
Total biosass 136.4 17.32 .84 #.31 | : 269
(125.8) (15.80) (33.90) (33.20) (208.5)
Broadleaved stand
D>5en 1550 60.68 9.68 1.67 25,7 97.73
{1600} (50.0) (6.79) {1.20) (22,0) (80.0)
D<bem 6700 0.250 0.0006 0.0002 0,292 0.542
(6100) (0.088) (0.00012)  (0.00008)  (0.100) (0.185)
Floor vegetation 1.90 0,73 0.88 3.51
(1.23) {0.48) {0.57) (2.28)
Total biomass | 60.93  11.58 2.0 26.87 | 101.78
{50.09) (7.98) (1.68) (22.67) (82.42)
Burned Pine(Pinus
densiflora)stand 25 490 11.39 1.64 £.03 4.02 18,08
Pine (23) (844) (14.80} (1.82) (1.33) (5.33}) (23.28)
Broadleaved stand
D>5em 580 18,00 2.26 0,42 8.30 26,98
(580) (9.77) (0.779) (0.155) {5.77) (16.47)
D<bem 7450 2.10 0.017 0.0053 1.84 3.85
{5200) (i.60)  (0.013) (0.0043)  (1.33) (2.95)
Floor vegetation 2.52 0.39 0.97 3.88
(2.98) (0.46) {1.15) (4.59)
Total biomass 32.49 6.44 1.85 15.13 55,89 h
(26.17)  {5.59) (1.95) {13.58) (47.29)
Young Hinoki
(Chamaecyparis o.) 7 2000 1.26 0.023 0.056 0,43 1.76
stand (5) {1956} (0.22) (0.0021) {0,0076) (0.076) (0.31)
Hinoki 4.10 2.46 2,19 8.75%
Floor vegetation (2.22) (1.33) (1.18) (4.73)
“Total biomass .26 4.2 7.52 2.62 10.51
(0.22)  (2.22) (1.34) (1.28) (5.04)
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F 4 HEWEEEEOLEREE
Table 4 Plant growth rate in each organ
t-ha™'-yT?)
Vegetation Stem wood Branches Foliage Root Total
Hinoki stand
Hinoki 6.32 1.11 0.78 2.15 10.36
Floor vegetation 0.0013 0.0005 0.0007 0.0025
____ Total growth rate | 6.32  1.11  0.78  2.15 | 10.37
Sugi stand
Sugi 3.61 0.51 0.98 1.04 6.14
Floor vegetation 0.00077 0.0003 0.00037 0.0014
____ Total growth rate | 3.61  0.51  o0.88  1.04 | 6.14
Broadleaved stand
D>bem 5.34 1.47 0.24 1.85 8.80
D<Sen 0.083 0.00024  0.00007 0.096 0.18
Floor vegetation 0.34 0.13 0.16 0.62
""" Total growth rate | 5.42  1.e1  0.37  z.10 | 8.70
Burred Pine stand
Pine -1.7 -0.09 =0.15 ~0.66 -2.61
Breoadleaved tree
D>5em 4.62 0.75 0.13 1.27 6.77
D<Eem 0.25 0018 0.0005 0.23 0.30
Floor vegetation -0.23 -0.035 -0.09 -0.36
""" Total growth rate | .16 0.43  -0.05 0.7 | 4.1
Young Hinoki stand
Hinoki 0.52 0.01 0.024 0.18 0.73
Floor vegetation 0.94 0.57 0.50 2.01
_____ Total growth rate | 0.52  0.85 0.5  0.68 | 2.74

EJFMIZIFEAF IR ISIEADNETTNATLED, 2HEBISH2EER 2.1%THD

e, cRBHERIIEIEHT RN,

%7,

EJ M, AXRLLICAFEORREIEL, #

RS20, BREUT, B/ 3HEEE 024 OEEELHATHL RS RETH 5.
AXEMBHE Y PER OEEREREIYDDENIDILEDASD,
EE - LEHIMEEZSA Sl EEUTOERICSTITEEL =,
t/ha/vid SemBA FOE BB B0 1790 /ha/y IWHEANTFEEMIIASE L 2oTW03, EEHEREDO
EERELHEEZ Sl TOZTAIYARZ N,
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FTAIYHROTATYEBFEhOES, TRTOBETCIASFALL2T IS, ZhiZHL,
BE LEHOERNZHhEH, P—FLELTTASYHORERIEMLTH S, HEKE
WOEERBLTAFALR2TnEN, ZhIEEHOERILI > THFORRENELLEE
HeBRAENDB.

EFSmMOMEEMIREEZS L 0N, AFHBHTIZ0.8t/haly DEAFAESATEY,
FEERFZLIERLLLDLEALN S,

RICHEEZORERE 25821, $BEOFBESHEFE2AREEIIRL T, HBGIZEE
EhaFHEEERke/ha/y OERGTEM TIN5 LD, SLLEMEOTHEHELI D, FEEN
HREGAEHOEDHRERICIDFBREOHERRPBHET I R6 LR35, TIKNTEEARAL
FEELTORVE, TOEFREAISHBULT, PATVYHREEE  LEHMMOPTHEE L B
A, BERFELIHBEOERE2EALTRDE, ZITCHEZAEREROBERER, FHE
BECRRERLBILEMAZLTEY, ALEETH TERBATATE-OEEBEBIHZ L
HELSAN, SHLEREEHFIRAFE NG L UERBE L EEATORB L THETRED
B, LEF2T, ZZ2CH A EHOEERIEORBEEOEERIHCETCLHTMET
HEZILIIFETILEGHDIN, BRH BN CHPEPERIEI-TRESIADIERERD
BEILLZ2E2EZ2AH035,

TITHAIKESTLALEINZRERERLAEREEELTAED., ERICOVT, B2
SEHEABRIEBETHLY, FREZZNBLTCY, BHBEOLEEZHYIICEIRETZED
KEAS., YVIl20 THREAKTH S, £, K, CakMgilonTit, BB EIFAED?2.9,
A3RTLYEL RS> TWD, ZHILEARKRBARZRHRARBICES T, @E T REL 710 &o
TEHETL TN B,

6 H# W

FHCRAFNSTHESREIERERE LT, Z#<0WAERF>LEHLA TSN, ZORNKRHET
BARKESRLEEEERFLTVS. BRBIRBLURCRI OO EHEMHNTRR (67.5ha) THY,
STHHRIL19854E L A SIBTESHETD 2 AETH D,

ZO2KEQHAKEILISTE.5nnz 1552.5mTH Y, BESEMOTHMEE S & 300mE E
SEWTh o, ELEFERIFNAENTI. el 711400 T H Y, EHEBIT46.5% £45.8% &
23,

BRICE2TPELENBNALERAIRTHETEEHERANZ L, ZHICLEL2TTZ
AT B EICNE, *-N, NO,T-NZPC,* -PH, w4+ RiZ%eBH?DIINO,"-N, Inorg-N, Si0.,
Cl~, 80,2, Na*, K*, MNg**, Ca’* %5, NE*-NEPQ " -PiconTi, £ B L TRIERA
BRFHEF FE-THY, BALHEHOBLEBEI BT B LERTES, £2810, 318
BEROWETHY, BHAWERBAAWEDSHICL LoT s, Ne*, K, Ng'*, Ca* i3 d
L BABEIVRRABEOFFEL, ATWRCLTLH ML Lo TXHBlE Lo T D,

Mk D Inorg-NO M B IINE*-N : 50.3%, N0, -N:0.8%, NO,"-N:48.9% THZDIIHL,
WA TN -N: 2.0%, NO."-N:0.2%, NO,"-N:97.8% & 7 v, BEICE@NL*-N&NQ,~-NiZ

-94-



(3% 4 30 ARITE L EINE

* 5 EBEOERIIASRBEEOEHER
Table 5 Nutrient fixation due to plant growth
; |
(kg +ha™’ - y7*)

Vegetation N P K C% Ng
Hinoki stand |
Hinoki 26.06 2.73 12.17 35.I08 10.76
Floor vegetation 0.043 0.0050 0.084 0.022 0.0065
T etal | 26.10  2.74  12.25  35.10  10.77
Sugi stand
Sugi 21.65 2.51  12.83 32,77 6.72
Fleor vegetation 0.025 0.00028 0.048 0.013 0.0038
T Trotal  |z1.68 251 12.88  32.78 6.72
Broadleaved stand
D>5cm 23.57 1.67 15.09 36.87 6.49
D<Gen 0.53 0.05 0.45 0.59 0.15
Floor vegetation .13 0.51 6.22 2.80 0.84
Ttowar | 30.23 2.23  21.75  40.26 7.7
Burned Pine stand
Pine -4.74 -0.48 -3.18 -6.41 -1.36
Broadleaved tree
D>5cm 16,12 1.138 10.59 27.53 4.64
D<Gem 1.51 0.14 1.26 1.69 0.41
Floor vegetation | -2.89 -0.26 -2.95 -1.35 -0.36
Tretel 10000 052 5.74  25.15 3.33
Young Hinoki stand
Hinoki 1.40 0.15 0.70 1.84 0.73
Floor vegetation | 22.52 1.83 22.75 10,19 3.22
“Treval | |z3.82 1.e8 2345 12,03 3.95

FEAERHBELTIZIRW, LER-T, FZHIZ L Tlnerg-NBITAF AL 2 TnEDHE,
O,"-N OWMHAFREL TS, 2R horg- VA EHRBBATHELE2TH, 2AML 5801
THBEAREREEE L > TS, BEKON, -NEEREFIET HEENFDY, ZOKEH
KEROBRWEALL LEHKEOHMAHREL T, fHAFBRIsRII AT S 2145, H
LSBT TH Y, HIJ1985F XA EB8506 (AFME136.5mm) 28514 (105.0mm) , 1988412
EG B 8610 (201.0mm) ABELTWLHERALHDL, 27T, ZAOLOBHWEREL THREEH
BYas, iHAWRRIREAAEZICEBERS - EEIIRBZEARENE. ZTh &Y, 20E
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#= B HMEH/MHARELBEOBEBHELERIIE>RREEOEEER
Table 6 Nutrient fixation due to plant growth in whole the Tsukuba

experimental forested basin

Vegetation Area Nutrient fixation of pland body(kg-y ')
(ha) N P i Ca Mg
Hinoki 5.7 149 16 70 200 Gl
Sugi 35.4 © 787 89 449 1160 238
Broadleaved tree 7.3 221 16 158 284 55
Burnéd Pine 8.9 89 5 51 224 30
Young Hinoki 6.3 151 12 148 76 25
Fir 1.7 36 3 25 60 10
Others 2.3 0 0 0 0 0
Tovsl  67.5 1413 141 90z 2014 419
kg ha™' .yt 20.9 2.1 13.4 29.8 6.2

DREEDPLBEFRCOVTHAETTOREHTHY, S HEALELARZS, —RI-SRG
HHEER R/ aOAETERENT VS, —HHEASBVREIETSERERIE V¥ 110k
/hafy HEALTTHY, ZALOBREROCERBIRATEDTIS L, RHORENED
NEPRYOETERLBZEFREAENETH S,

REDBE L RHE, RAEFHFRRETIBABEN 2EEREN, TONORWERERED
ZhDS, BHAOERICAD FREOAETRAREINEL, TORE HORBRETLEE S
NTHBEDL, HEFHRBRETCBIRMHEICEI 2 TE2EL 2N ZHIHRAROATCHEDEDE
REBI>ZEUTERNESTH S,

HEHEBRACETIWEBERIC DT, HEANBEIATELEREL, SHOSOHH
BIEbhTnE—4T, hEELKHMTOCMTAREWMAERL R0, 2O FHBEMK
HRATER RO EEROEBTH S, RBRBOABHREEHATHY, ZRESENBEOD
BELEAHBEISMEHE, BOLAREXFOBFEIC 200 TH o, BHENICIELT
BABNARGER LD UBHMEOF 4 BAEEVE, 22 HLIHELRTERET
5%,
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AR Ar RS F1165 (R-116-'88)
Res. Rep. Natl. Inst. Environ. Stud., Jpn.. No.116, 1988,

RTRBOKEZELOHERRZIC L SFM
Estimation on Change of Water Quality during Flowing

down in an lrrigation Channel by Mass Balance

e
Senichi EBISE'

E B
BHEMLORBEAOEWEREAAKBRO—FEOEFEENICENT, TOLTRET
RTHREHOEN 2SR LAMBEEECEIdERATLEERL, HTAWEPKER
EOE{LEHERFBICEI - THEMLE., EEOHRTEANEORBTEEIZCR A
HZHECHEHOREZEP>REORBTILOMRN 2702, HEHORERTIRE
FEROEBFDEIT I NBROEIRETE, NEROESEDEIZ0.7T~1.00ENE
o, KEOEBELTETHE, FTREFAREHOTEHOENTESAZHETAET
OF0,-P ORBEPEAOBRBICIZBERLE, FOREDEOEBIIESBER
VAWEORLN, TEAXKTE-RTELC TR OO, PO-F LSSOBEE LA
N EPO-P/SSANE EHIC, HELELEERS Aok, R, HBHHEOL
THETORBEA ST R LAHTHORBEZLSEHIESRICHKEDESE 2R S
HEBIENLERREENEBEZREHOEER LTk 3 L, EFOTNITHE
EOREESEBME*HRERALTTHTORNE»SHEIAZETOE L EAEED
1A - —FhiEraok, TOERTHEPRKEEEDEELEEREARBILS
WTE, BEPBRELZLSILLI2GBPEREZDII A PARENZEDHEM LR

-,

Abstract

During flowing down in two reaches of an irrigation channel without
influx and efflux the amounts of changes in the loadings and concentra-
tions of pollutant matiers were estimated by three diurnal observations
and a daily observation. The flowing down rates of pollutant loadings
and the changes of forms in water gquality were discussed from the view
point of mass balances under the ordinary loading condition. The diurnal
means of flowing down rates for the conservative dissolved matter was
certified to be nearly about 1.0, but those of most particulate organiec
matters ranged from 0.7 to 1.0. In the river, for an example, urban
river where the concentrations of P0,-P and S8 were high, dissolved PO, -
P became particulate phosphorus with the adsorption to the suspended
solids. But in the irrigation channel where both concentrations and the
ratio of P0,-P/SS were lower than urban rivers such change were small

1, BEAEWER KELERSEY T305 KEE2CEHEIFNI6E2
Water and Soil Environment Division, the National Instituie for Environmental
Studies. 16-2 Onogawa, Tsukuba, Ibarazki 305, Japan.
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and inconspicuous. The all inclusive self-purification coefficient of
organic matter including sedimentation and adsorption was estimated as
well as deoxygenation ccefficient. The all-inclusive self-purification
coefficient became larger than that by the conventional method using
impulse injection of refined organic matter of high concentration.
In the regular rectangular channel where the discharge and the concent-
ration of water quality were stable, the removal of organic matter with
sedimentation and adsorption was made clear to play a important roll in
the all-inclusive self-purification as well as a river.

1 & B

MBS OREPEJNCHEEINEHEE, TORTREBLS WTYHMM - ¥R EHH %
FERESTTCEADPODERICELT D, AINEAMSAZIO>EOEITE, BRTEEIELT
KEEEFAEEHL20N, EEOPRMEITPRBCSOTEEEZYBESPARBEORLNE
, ABROBHAWNOHEER I 286 L3R CDENE AL R BT HFAOKREBES>ARN
BOELEAFAHILRYVOBRIIETDZL 8. B, HATHEIMIRETAISHEPEFIC LD RE
BEROEMLRIXEL, RANMDZTILWIBEDPEORRABEETH SN, EROF/MFNIDKE
THRTERTOERDSB/ASOED, HBREFLELA TS Z0HEOEEN 2 RFEE
gz HHE,

BLEEESE, FHPIHEHFRVEEL, TRHECFETLIAHEISOHHETREFRHESR
FTOFNEHAARTERCEZNGNCENT, HTHHOKEARWEOH P 2MELVWRSE
Y EDHEFEISBEEET TS . £k, BTALOHLAORWEEAARIIBENT,
—EOHETERHOWERIECLIIREEHEORIL P AERBEOELORN 2foR. 20—
EEEORTEEC I B2BLTOREELE, HENTETHACHEGRBDHEETHML
e ZHhET, EROTINOHSRBEPEZROEER, »RVOFTEREORBR N EEBLE
MELREMNTA NN AANELTHRAL, THRATEOBEY - 722 A TEARECHFE T
BFETHoEY., IOFHUREETAIOBEDEOR FTHRNICBRELE L BOHLHET
ODELEEMAZEDT, EFOBHEOHHATRECEIEZTIEHOE L EHEL LTEE YT
SFELIBLEHMETHS., " EEHORTHMEEZRLEIBE WS> HENOPERF I,
IHOEENRNEA - LUTOREPREBEOELET A, KEPAEOEHEHEGHD A
BZEALB A/ NLEEATEY, SREOHEAFRETOHIEHRE L LTORELELPRE T O AR
GREOBENTRE 25,

2 HEOHRE

HEZEELERERAKBROLIERARD, SrRIIKATZRLBEEREO RS RENORN
DR FBAEH, B ANEHERTHEMEXESFZRT I3, LHEAKELRST
A SOHKOHEADRNEY, PERALKOSEETEHERH LERTEBEOKREELE,
LHEE THREOKREATREEZ P RERERL LTHAZZLATES, AEEDIR, H1ICH
TIDILBEEEEHET, PWMEREZLRS L, BPLESASNDNHESAETOLEAEM
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(0.95km} &, FZASTHAETTCOTHMER (1.95kn) RUBERZ 22X HE(2.90kn)
DEDI D2 THAEToE, ABE, BlL.no=2EHary 27 ) - MEYOHEBRKET, KEFZ
AEAFEETIONAOOIGEEORHAKRETH D, HEEMOLERAE THATEE, EK
Bl ke mEEMELTREREELE, KERZBX£0.8n, MEILHO.Bu/sT 1n/shy
BOSPRVEELEREN RSN TS, HEXHORTHREI L FRAOKELISHET
EZN, EEZVYOABTLIETEERERPEMEIIBALT, ¥ - THRLETOFORBEY -4
(BERACHETHE) GBERANSRDE,

AL, 1983 S108E04EHMOThEERICERKL L, 19832 85 H~ 6 Hic248%
MEH (BEB&5Y > 7L) HE* THEBEMTOSRTITo =, 19854 2 19864 @ 7 H29~30H
CEABROMBNHER FHEAUE THENOEEM TERBLE, £, 19844£13 7 F23~8 A150I
AEHR<EHEHALANERE AN TEELE, SHOUBETEETELY, FRARY
THRADEKELDE, ZAFAAEINEETHRESEI TSR TIT o TV EN, BEERAHE
T, LHAPSTFREANZWEREZEDEDN, HTFTHEMIIEATHEVWRERRABRIAOX LV THE.

B 1 EEREBEHHA

Fig. 1 Observation points in Tsuchiura irrigation channel
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BRI DEEHARN D2V R TORSHERAFCUNELE, KEHHE, NH -N, NO,-N,
NO,-N, PO,-P, Cl, Si0,, S0., Ca, MgldA - b7 FSA V¥ —ICXBHaHFICLo7=, D-N, T-
N, D-P, T-P, D-5i0,, T-Si0. BANAFVHIE AV LZMATMESBEES - 7 +54
V- THELR. Nal KOSIRIZAKLRES, DICRTOCA —F—% B, SSEFSA 774 5—
TANE—HRILEUVPEL, 7AW - LOBEYEDPOCEPON IZCINO = ¥ — T4 L 7=, D0
LBOD, WERUVA-MEICXY, COORZIUA UM iaC. B IC ko THELE, 258, 18834&FE~
ISSSEDQEHOBREBHICE, FHAKORKESORIFTHEDICSTLEriEER AT
(Micro-eystis sp.) AHBRULEES, LHBAROCI-a OREX4BORB L BT T3 H,
A EEQIBFELAEFSSHOFAIDTIA A FEECRZVRETH - =,

3 XKEEEORH

IHEEAROARERECEHELIE, KEERE, PAIET L LAHLEHOTRLEBEOXS
BICk2NEENOREIEETH 2200, B2(a), (DIt 0kEHEAILONWTO
HFRTRIE, 2BBILEELDIIVRAELRTRLERS AR s £, Zhid, BKEDRIIF
Br@RAGNHTCRAOWINKLHRERETSHY, TORKEOLBAFRIFTERNII%, BY
AL RE - HHTEHSATEY, RIEROKREBEOHIZEDFAIVEDTH D,
19828 2 ALBNDRHMBHIATH o RABUBNE AT EAT 0 ACEOhs &%
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24 2(a) MBLKRKERECHORAZE{L (19834)
Fig. 2(a) Diurnal changes of flow and water gquality (1985)
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24 2(b) HEECAEEEOHIREL (1288F)

Fig. 2(b) Diurnal changes of flow and water quality (1386)

BELTW3Y, ZLOWEEIOHT, IEO24BMIE L HT-P, P0,°<P, 5SS OAHEBEE
ftHARES, TN OEFRFHEVEVSHEPHFRASLDZS, Br#llHATIHHRANOLE
JUR el ZHICHEA, EBEN, BENOLDICHEN INEL, HBEANICSLL THRERD
DI MOEBHEWHINOLID 2XERBEELORSIZRRESARY, £, 1983 ~108E 0
AREEENISSEDOENIVERMK I LBBETH>E2BHALND. RICAHEED LT
ATcoREBEORESHMERT.

4 HERCKHOEEZIE

4. 1 BRHFESR

BEPLORBEAOLRWHTERLETLAHE THHOBAEBE UL L THE TOUHR (25
YU AWEAETEE, KEANBEOOAZ(LESAXHTREODERI 2 EOLTHRED
ETWEORMWIPL VI RHECEL LT, FRRAEEEOTHROEL LTHAZ LN TE
2V, £k, ABRCUHTEROREREBOERILOREEAETS2., ZOLEHKRTE, HED
—EOL-HMHREMEF-TFTHEE, 2L HATOBLZI0%0FKBERHEELTL-TH
EROLILEEWSHEOPEREHSEEY L LTORERFRH LN, CEHRERZEE
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* 1 2EFMEFOEHAERE (LHEM
Table 1 Arithmetic means of concentrations for each water quality indicator

(upstream observation point}

1983 1984 1885 1986
NH, ~H 0.084 0.426 0.116 0.081
NO, -N 0.038 0.138 0.033 0.025
NO, - 1.047 0.587 0.584 0.730
Inorg-¥ 1.170 1.151 0.732 0.846
Org~N 0.783 1.244 *0.990 0.532
T-N 1.953 2.395 1.722 1.378
DTN 1.256 1.559 0.940 0.920
PTN 0.697 0.836 0.782 0.458
PO, ~P 0.012 0.018 0.025 0.042
Org-~P 0.096 0.207 0.165 0.089
T-P 0.108 0.225 0.190 0,132
DTP 0.G26 0.040 0.0562 0.048
PTP 0.082 0.185 0.138 0,083
Cl 26.0 37.9 28.1 26.0
S5 14.3 35.5 42.1 25.0
Sid, 20.7 14.9 14.3 15.1
T-510, - 20.6 21.1 20.5
D-5i0. - 15.1 4.4 15.4
P-510, - 5.5 6.8 5.1
S0. 33.2 29.8 31.3 31.3
Ca 16.6 18.0 14.8 19.6
Mg 7.8 8.4 7.8 8.2
Na 16.3 24.7 15.2 16.5
K 4.9 5.9 4.7 3.9
Chl~a 59.6 93.0 97.6 4.3
T-DOD 7.62 10.18 8.92 6.20
D-COD 4.31 6.68 5.10 4.10
P-COD 3.3 3.30 3.82 2.10
POC 1.92 5.93 4.97 2.32
PON 0.39 1.08 1.03 0.38
DOC - - 2.53 4.28
BOD - - 4,23 6.37
Do - - 8.22 8.15
Flow 0,983 1.164 1.162 1.131
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D -2, FEEKOSHWTRLEDNAR2TH D, Cl, K, Na, Ca, Vg ¥ IREHOER A A >
Lo Ti, THREBY LERER 1L EYEWEBLE2TWS., CIR—D2Or —AT0%ER3D
EOORDHF —ATIEHO~1 0L TOEFHEBE L LTOEHIRBRETES, ST,
BUTTY A IORENI Ao RISBEEILO.TOEft 2 RT3 - A0 Bl 160HBEII LR
Thwar~AETHELE, FWEEOBOD, COD, DICH, WEHE DL S FPOC, POK, Chl-ak
R, hanwnR fbiEril¥igictiaoTwnwa, 2E, D-COD 110.97, 0.98 @b &by —
AHBHBEOD, 1.01~1. 11 EHLOyr—2LHn, Zhif, T-CODPP-CODEDXEEESH T,
KEOREEEL: UTHAGAELN DS, T-CODSP-CODO ke B TH L hid, P-COD »5D-
CODNOBEBELF - BECELEHETED,

ZOE-—HmHEE (RE0.OkTHTEREHOS) , P-THEM (R&1.8550mTHRTHHH
5047), WEMEHELZE- THERM (B22.9keTHTHEH0L) OEFE-—ERKBET=EHI v
FU=—PRYDABOEBVRETR, XAELKEATROELRRE SN 2oy, 2BANE
HERKEEAEAEAONE, BLEEEAEFAEEF D2 H O, POC, DOC, BOD THBHER
ROELLTEDLOLEALNS, ERMEELTORELRIE, 1986807 — A TWHT-C0D @6
% BBOD D9 % DD, 18986EM A — A TFP-CODD22%, BODMD21%, POCH20%, PONDI3%
DL ESOUROFLICHL LU EABEBERPHEOER L RoTVWD, Thabh, BEHHOD
EBREEHEERDEORLIATOLLE,

4. 2 KHOBEBZE(

TRELAFREHBOBEELRHETT2ENTI, PO -P A EEEPRARETLALERY
KRBLTHEZNAZ LS., REFNOEY VEFEH22HBH, ERLLT PO -P
DEELVALMIENZEAS ., AETOTHBZRERLIBE - AREACRATZ2LENTE,
HEHOHERTHEREESNSABE KRB FRFERFTLEAETRASPOBOERBRET (BT
EERE2.83kn, WTFHMI20~B08) K, HERETRALAFTER LY VLEDOBR P HEEL
BHENE, PO -PET-PAZ HIZHAL L, SSERBICHLTEZ LS, PO -P OBERIL,
Ao, BEBYVORBILERT-POELEELoLE, ZOBKN, PO -PHRSSBEA L BIC
WEICERTREMIPEZVEHEERT LRSS OB ERELE"

U REUSSOAREHERELRECEBEAUBZILREN TV AN, UHNHHEEOLREIRE,
SSRU D DIBE, ESICPCT-P/SSOYEHEERIILET. £, EEHMOLETHETORSE
BOER2RLINLTET. VHPELERT, UVLEEBOBTIIASEH DR I98F L1988 0P -
THREBMIIKEFLTASL D, FOHMOEMYHAEETLPO " -PRITPOBEP RO LB Z LA
Z0. WENRPO,"-P RUSSAHEET, HTBELZ O/ BELTNFEELTHREY
ERLT, REYECHEFAELPTVHEBTH> QIR LT, FHTEBCIZZ U — K
BOLEAKRTE, SE-FTOEHFERIT0.5~0.6n/s2 R, SSEEICEL TP -FRENE
<, POCT-P/SSOESILEME-ATAED oL, LWEJIOANEFLHFERKEFERBCRET
HY, AFRIEEHEIL, TELTHTRIROEMYPAZ VKRB THo 2. UENOHEII LW
AADZnoBELTHY, TORRATLEAREL, WEMNOFOKREFNZRL, ARNEHEY
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# 2 HEHROWER
Table 2 Flowing down ratio based on diurnal means of pollutant loading
BOD T-COD P-COD D-COD POC PON cl
1985 1986 1983 1985 1986 1983 1985 1886 1983 1985 1936 1983 1985 1986 18983 1985 1986 1983 1985 1988
L —Fias | 091 078 —  0.84 0,99 —  0.83 0.77 — 1.06 1.01 — 0.92 091 — 0.9 0.8 — 0.99 0.9
L —aEs | - -  — 0.9 0.8 -— 0.8 09 -~ 09 1.09 — 0.9 0.9 — 0.93 0.92 — 0.99 0.9
b Al N Y < A —  0.98 0.9 1.01 0.99 0.97 0.8 0.87 1.03 1.11 0,97 0.9 0.89 0.99 0.99 0.94 1.0l 1.00 1.00
pac 0-N 0-p Chl-a S5 Si0, K
I}&% 1986 1983 1985 1986 1983 1985 1986 1983 1985 1986 1983 1985 1986 1983 1985 1986 1983 1085 1986
s —FEE 085 067 — 104 073 — 1.10 0.8 -~ 0.89 0.87 — 0.9 0.77 — 0,99 0.99 — 1.00 1.05
LEii—rhidg 1 0.90 067 —  1.03 0.80 — 1.16 0,97 -~ 0.97 0,98 - 1.03 1.0l — 1,001 1.00 — 1.00 1.00
WS — FHiN 10,95 0.9 0.99 1.00 0.92 1.21 0.45 .87 —~ 0.82 (.89 {.16 0.97 0.75 0.98 0.99 0.99 1.00 1.00 1.05
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Table 3 Average concentrations of phosphorate components and suspended solid

1983 1985 1986
Flow (n°/s) 0.983 1.162 1.131
PO, -P (mg/!) 0.012 0.031 0.042
DGP  (mg/!) 0.026 0.036 0.048
PTP  {mg/i) 0.082 0.186 0.083
T-F  (ng/!) 0.108 0.221 0.132
88 {ng/i) 14.3 43.3 25.0
Chl-a(usg/l) 59.7 94.7 42,7
PO, -P/SS 0.0008 0.007 0.0017

S 4 VDB ERQEIBEDEORTER TOELE
Table 4 Amounts of changes of phosphorate components and suspended seolid in the

flowing down reaches

1983 1985 1885
HEA-THA ERA-FHL FHRE-TRIA ERS-dEL PRLA-THRS
PC,-P(kg/d) v 0.6 0.54 0 0.35 vV 0.26
DTP  (ke/d) v o1.24 vV 1.69 v 0.20 0.52 v 0.12
PP (kg/d) 2.79 4,97 v 0.79 vV 0.43 vV 0.98
T-P (kg/d) 1.35 3.27 vV 0.99 0.09 v 1.10
88 (kg/d) 198 128 v 3t 38 V517

DRCEBHEECLX2BEDEEREOAZ, THBEATERNTRETRELE7 A ZOSSHES
HETZAMNFREL, LAITAIRAREREAEI > THRLDZIEEANH > T, WENEE
BREWHOR L BEABTIILREFNESLNE, ZOEMHELIC X BN -NOND, -KpN0,-N ADE
ftRERNICTBETERD K.

5 HENRRZARRBOFG
ATHHAOEAZEZRLEZFASORUAORVWHETERLTHETCO LB BLTOKRE
BEZLCOHRNERL, SHPESNOEERCHISESRBEEET S ZLFATETH S,
TEEEZ-EERORBPAREL SEETESN, FURMBEL L LB, S BREREK
EREBEZAL, TREANOCBEC-JOHERMIYV RO REERVZ LTS,

—MICRRIEBEEL LEABYEOARTTCOREIRIIARLGEEAON, LEATHE
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MEABEM/), LERBHRFRA(/), LEXRIEIEF 220k 8DEREBRO0/D,
tERHL L, BRPHEOBE2EHTE L, KRTHREL D,

dl/dt = — (K, + K;) L
LS RBOHOEBBERES (ng/]) L2 Thid,
L= La » p-(KL+Kan

FEAHMTRETZED, 108EL UEREICE —k, Lok b BERAD Y,

L= Lo o 1) totkan

—H, BEBRILOWTIE, BEEEREZy2ThE, v=L-L.THahb,
Y= Lye (1 10-ttuar)

LEHNoT, TEEOE -3 THATOREEAII R LAELHOBEZNS, FHEICHE
BeRELEDERFNEBEN (k. k) 2ROT, RoLFT. EBoHEHIT, FEED
ERABDEELANCBRCBALTCTRANTOFOBREER L2 HATENE L TEES L
2k tk) OEEPBENARECELHTVEY, REIBIFLALHNBD THEHN, HHFL2LH
T5r, AREOEMIS 1A -F Bl 2oT 3, BMEBOABHEIL>VW T, P-COD
=20 —2A5BNT, SSOBEHHEZEDNE o> EIBECEIFIBSEDMEE L > T 0
., REPOXERFLE RO oERETHS. ZNOEHETERTE L, ZORTER
DEHLBHEE K +E) CHEZEBSREL YL 25 BHERERELO0FEHFAE N
ZLAHBTED, EBRONE/IOTHHETHEMTIRIO~O%DOHEATEORLAELTSH
D, BEDEHNTIHKBEBOEN., LEF>THEPREOELICE LT, SHBEPERFL LI
TLHEDHOBECAHEORB LA LEL TS 2EA0MD, Z01Lt@EAKTE, KBRIER
THECPREREE—ET, KEBEZLLIDECTAYOFAERKBOE I RO THRL

EEOHERAMKBTOEFHOMEWLERERV /D)

# 5
Table 5 Inclusive self-purification coefficient for a day under ordinary
loading condition {//d)
BOD T-COD P-COI POC PON DOC 0% 0-p
1985 1986 1983 1985 1986 1983 1985 1986 (883 1985 1986 1883 1985 1986 1985 1086 1683 1386 1985 1986
Tt [0.83 189 — 048 0.04 - 156 201 - 066 167 — 075 110 13 3.40 — 2,43 X 107
LfE—dEs | - - - 0.7 045 - 331 200 — 077 L% — 147 L73 2,36 822 — 478 X O
Wi —-FES | — - 0.28 020 X 0.r 0.39 2,02 0.35 0.59 151 0.13 0.26 0.72 075 0,17 0.9 1,02 .03 L7
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T RROABE O MBI & 5 FRil

= 8 RIEWVREHGAE (k +k) OSWE R
Table 8 Observed values of inclusive self-purification coefficient

(k, +k;)(Kusuda® )

¥ @ k. +k, (1/d) TS
Z B i 0.1~1.88 fﬁ;%sﬁiiu
EX- 301 0.12~0.20 ’ég?)[;%ﬁ
8 JI] 1.2~2.4 fﬁ;%gﬁ?ﬁﬂ
B Q.52 ﬁ;%éﬁﬂ
B I 0,066~0,087 DGC(E;igzgifig)
ox 1 0.12~0.18 Eﬁ;%;ﬁ?ﬁﬂ
BEA 0.11~0,17 fﬁ;%gﬁiﬂn
FE 0,11~0.17 fﬂ;%gﬁﬂu
& 0.2 %%ﬁm
B E I 0.43 ﬁ%ﬁw
g N 0,03 fﬂ;%gﬁm
B2 0.31~3.3 fﬁ;fg-);ﬁfﬁ'l
T 0.38~1.28 *%;%(&:Wﬂ
P Q%PW;QC) g%ﬁm
=33l L.4 ﬁ%?m
TEM s g R

L0 Y, RATLOEREAOTFIRRVEBPRER Y LL2 T3 25N,

BEEFROERETRHOhEED,
LTOBEOBIL L2 BPERECRLOD T A NI L#EETE DR,
BEMBLBOERE TR DN EP,
LIOBUES BRI I BDEBECELIOYI A FIMS VD EHETS B,

CRMSEEEOR THMEZET S &,

CHMBEEORTHEMEERT 22,

ECH%ER L
FEEILEE,
HoagwERLE
BEITWE, @

B, MHATELE BB T Z2EBOFNNTOEEETOEENE LT, 20RKMEN
—RALE2TEHLZDEWIBIC TS,

6 B W

KBROFNTR, RTBROZ TP SKL LHAFRFL, KFABICSIT2KEOHEE
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OEBPHREFOEE, L EESRGREORNENANERZ XSV, £2, AINORTHRED
KEELOHEEICT, GREFEOREEEPE BB I/ALTTRATEFORREESIALE
WOBEMICE-HRT, BEPDETIRERFEN -RIBVWBATWE, $20, B4 #
BAFNONTRLREHEESKREZ VBN THREI STV 7TBKSNZBERKBROIHAKD
BRHOMEAOLRVWRETERICBWT, BF 0N TFTAWERETCODEREECILZHTARE
DHREELOFEMEFof, ZHEAZ U~ FRY TEBKDO.905kn 2 1.85kaDEXITH T BN
DEBMLEZEET, SREHMO LTHECORTOREERL EEZR L EMIBLRECEHERS
EEATD, HFTRATEPKHAREZEL S, OFEHORERPKEOEBELDEH, B0
CHEBRPBRE LRSS TN RROEERITo k.
ARMEEICLSAENORERETE, RENOBESER LLHERICAVEL 23 LR
RTE, 2RO THREEABMECEANEL, 0.7T~1.00RECLONE A o=, KED
BEZEALTIE, NHL-NOBERZTRBOICHBTELRD»o =N, PL-FOBESEANCHRFLC LE5K
BELLE, TONEDEOUBLAEDRERVAWEDORB PRI EHEKTHIVL 2Hh DY -2 T
BRIk, LL, POL-PLSSTEBE L AN EPOL-P/SSAAEI O EDIZ, KBEOPL.-PYSSHH
HAWEZTS2HERANOLS REFLREL:E2bAbo2E, £k, RFEBECLTHET
D2AREHRELRESWEAREEATTOGEHOBEEN S, BULOBLIRBE PEELRY 22
EREN IS RB AN RGROEFRILL 2Tk E, ZhETOFERE, ¥hbb, BED
M TREEOHEFEBHWEZRERALTI TR TCOERE SEETHOFHILIYV RO E
fBEE, ARENMIA-F-—GFWlEELok, FOREERHTIE, HTHREAOE I ELE- T
BIESBICEIZELINSL, ZO0X>LERTHELPKIEEECRELEBEAABIZAENT
L, PRUEEPERFREIIZ2FEHDEREOTIIA N REVI LA M E R0 2,
TOEEILE, BEAREEABTENIECEYHOENET 2028 Tn5 2 8L, #
EEETERETH S,

5l A X m

1) MERE -~ - Al - RERE - AEEH (1983)  @lEHEamges LcomELE -
HEMBEOFEM. HNEBFHE, 6(2), §3-1038.

2) MBERE— (198)  BERARLIBH2AEAGELL L FOFME. EAULERMRFPER
4 w958, 7181,

3) NERiHE . UEER (1083)  ERNICBTSABEE. (EERES) FEgs s, B207-
R12-5, 51-B8IE M.

4) wEEE— (1980)  BrEREATINLLIARBEAATROEN. EUAEWREFAHERE,

504, 41-58.
5) BEMBE - (1987)  HERIEL LILZHETHROKEECOFTM. F2IERKREHEEE LS
W, 183-184,

B) MERE— (1985)  YABMBUADETIIHYXEBEYAOREIC LI Y. E20EKES
EWxEo@mEE, 100-101,

7)) kEARIEME (1974)  KEFBEE, MBEPIE. HHE, 325-343.

8) MEEH (1988) - FANICE T 2Bl KERERSI LG ATHENESOBILEHD
ez o0 B EI2B840E (2R Z2FETXEESNERESTH2EE
&), 95-115.
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Res. Rep. Natl. Inst. Environ. Stud., Jpn., No.116, 1588.

on-7 HENSOERS A VREHAFERAGERHEY

Specific Loadings of Inorganic lons from River Basins and their

Runoff Characteristics

HWERE
Senichi EBISE'

E g

HABOEREBMHBIULBI N POEERIANOERTHD N, MO EH S
TrOEELERETELR Y, TEORPBHANOREDEH AU LI EREHOHZ AL
FETEBEBADEFOYMBRICNAT, ARBERICEIZEARKELTOANSEERIC
LA TEEANDEEABEL AT VS, ZOBBA AT OFEELrSOHEERENIIT
OHREAFRREME LTHA, THhEHEERNOLHFBEELR L OHBEN ST
ok, ANEF-ZRI0ENIoWTOEE I EERT ] SHOKEATERE S
—ATHB. BRI VOBRBESPARWREOCEHELICE, FRELESWEREOE
hRE, KEOEBEZEIsFYRe{hntHEliahk., HEIPLHEEINESE
BAA R, BEBREEOREEMNIIHLTIEBEE2EZVEL Y, pA>THE
ELAZ2RTEI0IHY, BHEBHEHICIZABEORBATRE Lo HEHEE NS
Shprieotz, N0TPS0,"T OBRAACOBRWIC L DWEAEMEORE LAT R
EWMLT0ES, BAACOKTILREBELANED SN, Ca, HeRTWNaD B A 4 >
DOWTHEELADELSh B, —ANREELE.

Abstract

Other inorganiec icns besides nitrogen and phosphorus have influence on
the eutrophication of lake. The secular increase of the inorganic ion
loading from a river basin are forecasted by the accumulated influence of
the massive fertilizer injection in agricultural land and the influence of
air pollution and acid rain. Here, the specific loadings and runoff
characteristies of inorganic ions were discussed on the basis of the
results of the weekly observation for thirteen rivers and the storm runoff
observation for seven rivers. The specific loadings of inorganic ions for
each river basin were estimated on the basis of weekly observation data
for one year. From the correlation analysis between specific loadings of
inorganic ions and the area ratios of land-use types in river basins, most
of inorganic ions showed big correlation coefficients Tor urban area and
agricoltural area, But nitrate ion cnly become a high correlation
coefficient for farmland area. In the correlation analysis between among
inorganic ions other ions except nitrate ion have high correlation
coefficients with one another. The seasonal changes in concentrations and

1. EBaEWER KELZBHHES 7300 HEE> EMHNFIHIEHES
Water and Soil Environment Division., the National Institute for Environmental
Studies, 16~2 Onogawa, Tsukubha, lbaraki 305, Japan.
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loadings of inorganic ions were chiefly ruled by discharge and slightly by
water temperature, In the period of storm runc{f the cancentrations of
most inorganic ions did not steeply decresase and those loadings did
increase fairly. Particularly, the increase of potassium concentration
among the cation group at the biggest peak of discharge during a storm
runoff period was recognized as well as nitrate and sulfate ions among the
anion group.

1 # T

FHATFOERA A VEER, RENOBESLE, BARSS I CERGREErIMT
BEOTHoEN, HELSWTR, BRADABOEHOERA, EERYK, ELRHK B
HEOEBEANBE RGO REBE LR ABN AR ERRACRMT B IO R 2T D, B
FrOFTECOFFHEADATEELTE  BEAAKE L AANEEOEERRMTS 2
Yid, HIEABECEEAYINYRE STV S EAEEEOEEELTLHOIAT WS, 1,
BARAMBERZIATNRD >R IR+ RHKERIARSTITE, NL-NDPO,-POBENTF
<, ZHLHICNG-NPNO-N2EHTHECERENLLOBHEMIBHFEZA TS, LML, £0
BOEBA A VIZONTE, EHHR LI EFHOBNEEL TRBELOBEGE LEREL EREBAT
BELTOEEMRFEEAREATHRL, £, EKEEAE LTHAZAZHAT, BhE
EOEOOHEL LT —HOBAA Y PAEINTLEIDATH S,

WEREYTER, BEOHBIISEREIORBEPHENEALELRPIEET BN DD,
I, BEMET 2UROEEOEEL TOREAZELRRMETSHD. LEKF-T, SEMO
BEIIH T2 REMORATIOEBA AT OAHR LB HBEBEESACT2LEAS 5. i
BERETBEORELEJIDHEBEATOREEELROMGEISRT, NLPOBHTHE, K
SINAREEOBWRETHY, Ka, Ca, Vg, Cl, SERMHEDORBNAATRREENB WL 24
TWad", RRICE>TEFOAREILEVWE 200 YL, ZhbooBEIIHoE - OHELN
AT, GBASOREATHROAS I LRHBEERYOKERELESMITEI LR, #WHEO
BEELAREI TR AROBECARCAEYNTH S, 22T, BAOTHAEREEHT
BHBOANERNEI, REOLEAARB L EHATEOMG, KAEEEOEE, RHKE
BESHEAFRORRLONEPEHZCHRL2LII>0T, BAIEERO 1 EHOEHE
HEORHEREEEORRIIES W TIEERGFOIZ LT B,

2 HEOHEE
FEwgo@dNEnThLEr-fEANEFOENCH 2. BN, LE, ESIOE R
AICEATEIMANICDVTIZI0704E 6 A~1980E 5 HD 1 41 (ERIBKE1232an) 2, B,
80, war, fLE), BEN, AFN, HREBENO TFEINIO N TILIGSIEE B ~19822 5 A
O 1ER (A, 1151m) KEAIAEHOREAWAFNTEEELEY . ZNL0AMNEFRL
Milg% OO THATRY., BEEBREHAFEHEE T, 1979F 25 18F £ TORMCTHENOF
JIBEGZN, WEN, N BnTfToTnsd, B2, THRNOIZN TEIHSOBRHERH

- 112 -




FUE D & O A A - O A B IRE A R

TEMEIT £

KA, NL-N, NO,-N, NO,-N, PO, -PRUCHIDWIA - T F+F5AF—-ILL3HaE
i, Na, K, CaRU 2fiA A IconTIRAA > BHE, COD L2 TRPILHA UM KN, &
Thd, BEEAEOF—A0E L AYIE, Ca, NgRUSICHA— b7+ I A4 HF -0, Na
LEMEAREHICE TS,

A
Mt Amemaki N
A Mt.Wagakuni
Mt.KAaba A Mt Nantai
R.Soncbe
Mt. Tsukuba
A

R.Kamata

R.Kajinashi

R Hishiki
Y
Taukube “ﬁ&#@J‘[ R.Ichinose
Area Area( BlZen
R Hanarmurol

o
)

= 1 #rw (EE) AR

Fig. 1 Influent rivers into Lake Kasumigaura
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3 EHEMRBCLIZFANALEATRESFOSY

FEIEAEFOREATEATETo =& oREEER, SlefTebYThs’ . it
i, FRBIIAANCHICHARY» SABOEBRAKOHERSADY, HBELAEHAWREL S
TEMEZREL TOMRBMOTINE ARICEGTEY, BENE - BHEP T REEHE2HTE
DHKRBARRICEHL TV D, BEHNOFHBCILURLABEREADSTRALTN S, BT
ETFTHBLEFT2NAHAFPKEOHICEEA TV S, BHENFKRCEH T HEOE QT H 4T
DA T3 REOREIDZ., RANOKREOHAARBLIS ZAS 1023 &, il
A ESNAEE AN, AL, NEF, EEIN, BEI R OB A E B HE I, e E
AHEEDTHEBREROENE s TnD.

Ro2WNEBEBAFRUCDOLHEELLEBELANMESIRLE, £2, BI3IILEZEH X C0D
PESLEKEESMOMHEMEREERL £,

Cl AANLREEORERPRTEEL LTOOODEHEA S EH, P0.-P, Na, K, CakU 2
flifgAA4>EDEMAT Y. Na2 KOFEBHII&EL, Wz s HC0D, PO,-P, CllaX ARMiriHiEs
BT DEFLOMBUEL, Ca 2HBAA > 0BBLE . NM,-NEN.-NoftokEHE
FOHBOBENEFOEMTRAT NS, NO, -NIEEE I DERLAWRTHEA, Cak 2
BAAUADKEHB L OHEAWTFAIHEL, IFOBAA OV KOMOKEHEL D
HEOBEARALCBAMER>T S, 2MOBAA L OELLZERA AV IEC ez THDHED,
2HBA A 2CaDOKEEH OHMEA T TR REETHEIZ L UEHICHEETES,

* 1 FE 108 I D FE sk & o

Table 1 Characteristics of watersheds of observed rivers

i )0 NERJ RN B fEmN EET EEMR ZAEEEN LE EERH
FrEE# (k") 330.0 120.6 24.5 17.6 34.4 6.5 34,0 151.0 12,4 72.8
ACEE(AK®) | 281 554 541 902 1,068 1,939 1,568 365 1,807 346

(%) 57 29 29 21 20 20 (9) 48 15 30
REEHE(%) 25 20 22 16 14 21 (66) 20 12 19
Mo ER( %) 23 2 a2 30 27 10 (7) 24 34 38
AR ER(%) 13 17 16 33 37 44 (13) 9 38 12

T (n®/s) 3.21  1.25 0.3 0.24 0,79 0.085 2.52 2.38 0,47 1.65

F4 3, LHEHAWERLADEEPHBENTOE LA AERLRLOHBE2RLELDTH
%, COD, PO,-P, Cl, NaRU'KIE, ANEESLHEHERLEEL OHBEI T, HEDKEODE
HEmy AOHEERNFCHALH S, CGWKHERIEBELOROHEBEAGNI &, 2H A4~
EA TR OEEAEL, LHRAHBELOEETHCAL 2HB AT Y OEMRER E
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F. 2 EBRAAFCOESBELHREANTE

Table 2 MNean values of concentrations and specific loadings of inorganic ions

Rl GNERN FERRIT S0 FEE)N MR ERRGERN0 ZmEEN L E)N SN
oD R (ng/1) 4,3 4.8 8.3 13.0 5.7 18.7 9.1 5.2 8.6 8.1
HfEAHREC/ ™ /y) 1,33 1,54 3,94 4,92 4,38 6,87 21.41 2,45 10.58  5.48
_ TR (mg /) 0.40 0.22  1.08 1.69 0.48 3.47 0.52 0.46 1.00 2.29
HHaHR (/e /v) 0,10 0.07 047 0.64 0,32  1.45 0.78 0.22  1.10 1.3
0, N FHiAE(ng/1) 0,08 010 0.20 0.20 0.17  0.40 0.08 0,07  0.31 0.7
HHMETRE(G /y)[ 0,02 0.03  0.09 0.08 0.12  0.16 0.21 0.03  0.27 0.42
O, X R (me/T) 1,46 1.82  2.4% 0,98 2,75 0.5 0,58 1.52  1.18  2.97
EEmEAmRE(L/ke®/y) 0,47 068  0.60 0.41 1.8  0.24 0.33 0.88 1,51 1.88
b0, P B (ng/l) 0.04 0.05 0.6 0.31 0.18 0.54 0.08 0.08 0.35 0.28
HEE ARk /y)[0.01 0,02 0.07 0.12 0.13 0.2 0.03 0.05 038 0.4
ol SEEEEE(ng/l) 21.8 28.2 30.5 29.6 32.3 44.0 8.4 14.9 26,0 22.7
AN Rk /y) 6.2 9.1 137 12,6 23.0  18.0 78.7 6.7 205 13.2
K SRR (ng/1) 6.2 5.8 2 97 94 150 18.7
AT (R’ /y)| 1.8 2.2 4.2 4.5 1.0 6.3 28.9
Ke PR (mg /1) 8.5 109 144 144 14.8 26.0 41.9
HEHaEwRE(Vk/y) 3.0 3.4 6.5 6.5 10.8 10.5 53.1
ca Tt IR (g /1) 1.8 12,4 141 105 18.5 14,7 12,5
mwmHamat/r’/y) 3.7 4.0 6.3 4.9 13.7 5.1 30.6
2 kg | FAYERE (ng/l) 20.6 22.1 238 18.8 32.8 28.1 24.9
47 | kb AawR(/m? /) 59.2 7.2 105 8.0 231 10.7 54.9

# 3 KREEEHOHEGH

Table 3 Correlation coefficients among water quality indicators

cob  NH,-¥  NO,-N  NO,-N  PO,-P Cl Na K Ca 2 {18

CoD
NE.-N [ 0.789
NO,-N | 0.775 0.814
NO,-N 10,342 0.206 0.649
PO.-P | 0.984 0.774 0.720 0.2%
Cl 0.883 0.580 0.667 0.555 0.876
Na 0.862 0.673 0.938 0.407 0.860 0.965
K 0.844 0.617 0.912 0.462 0.823 0.876 0.994
Ca 0.3%2 0.031 0.497 0.836 0.331 0.88 0,759 0,79
2 fii% } 0.365 0.050 0.513 0C.882 0.352 0,897 0.772 0.806 0.938
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BRE2-oE, NML-NBAOBEELHE 2R, HOEFLOHEBEEEE Y HETE AN, N,
NI TnOEFELTHEBEE R, 22T, SR ARHEEEEHBEEOTHS,
RO ERMNS, ADFESTHEHHEERLERIAZNLAFETRBRTAEFLLTED S
LR, MAEHEBR ZERA A Y ERVAXKEEELZAOHENE 25 MHANAELNE,
£k, REERLEELHBERERLEFOERE -2, TOMERKOEIHLEICLENT
MELTHok, ZOM, ITH - BEFHAESS - BORFTERLALOA BN 2BEEER:OH
ML LETHAON, THFAAEBEEHAA Y OLEHATERLOMGEORSIIHELH L
ok,
RIZOHKRLAWERED, ARLAVO I FHOKEBEANEREGN THS5H, HHEA), HE
BENECZORRAREBOENDOEZ 272 TSI oI5 fEeiaoTns, F2
AWETRTOESA A > AHERTN, SR REEOEN, BRI O FERMOER N
ELRBEHIIHDN, NOL-NEIHOEHBAA Y LER->T, LRAOETHEIIREL AR
H5, TASIFANDOEREAEIOSRBONEREATERELE, ROOLBIURTHEAL RS,
MOTE, HEPIE, BAKSRCEANLERCEREIATVWEERA A OREAENS
i, BETEIIES  FERBRKLEEREAROEY, ESSORAIILES LEBISOBERD X
RETHOHEMIBELIXRULTWBLHZONS, LEN2T, SEBA AV L HAFEE,
RLTEREREELPACEELOHEOBEPSEHS AR IO, GEATESRLLTA
B EEHL LTORRATORELRELFELTNALHUNMTES, LA e HaEAIE
HORETCSHY, FAEYNTHEIFIHC—BEOHETC—HIemWBEORTRAEOEE S + 4
EBMLTVWELREFVEL, BXHEBPEIE2NEL LEBHERE 2> Tna, 2AD R,
ERERAZVORHEAFHERBEM CRHHRETOEA PR Y RERFELE-TWEN, K

F# 4 EWFHEEREATROHERREK

Table 4 Correlation coefficients between land-use types and specific loadings

ADEE S Moo * H 7 72 S

cop 0.809 0.6886 0.078 -0.677 -0.276 -0.741
NE,-N 0.601 0.474 -0.082 -0.270 -0.230 -0.518
NO, -N 0.353 0.230 0.428 -0.495 0.193 -0.458
NO, -N -0.011 0.007 0.569 -0.606 0.284 -0.192
PO, -P 0.882 0.745 -0.066 ~0.647 -0.412 -0.736
cl 0.775 0.746 0.140 -0.794 -0.272 -0.831
Na C.827 0.884 -0.478 -0.275 -0.756 -0.8350
K 0.783 0.877 -0.3895 -0.648 ~0.708 -0.873
Ca 0.316 0.507 -0.004 -0.682 -0.337 -0.263

2 fEBg A4 -0.431 -0.38d -0.175 0.484 0.058 0.764
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Table 5 Ranges of specific loading of inorganic ions

NH, - NQ,-X N0, -N P, -P Cl K Na Ca paR i)

EHEHEEYO
BB (v/kn®/y)
MEBAOZEEYD
FEAL (ke/Aly)

0.07~1.5 0.02~0.4 0.2~1.9 0.01~0.6 £~30 a~7 3~11  4~14 7~59

0.1~3.3 0.06~1.2 0.7~5.4 0.04~0.41 9~25 3.2~7.7 5~12 3~13 6~i2

ADS-ZYOBHAWMERENGE, S04tz on, BEMFINTLHERTINTLL E
UEPpLREEZ2Y, REODTFTEREOLICIUBELWEEICAZZ 2L RE, N -Nifvoks
AR >TMATER: OHBEARONZ A0, HHEHRSIZYVORHAEWTEREMELT
BT dE, LA~8 8/ BHEME /v LREH, TRATOARKEREETERIIBLODEE
o Tnd*,

INLOFEHEE, EAIEOHRTHEOEY, KEERS DS SHEEI G HEE
THERBHAECHELEL, ToBEL 2L TVShLY TR, &I, BER»SO
EEAMRBEEALCHEHIICHEENEESD, BEPEL I TALEREDE LBLTEBTR
FECI2HLATE Y BRBEHORHATZ LI YU RELL 2L, 2013, BHEHBHEOCHERE
MBCHEBOEMERIIH L TEEA A R DL TI2EEDHRBEOBLILENHINIT N
Sk, TOHRLATREABEREHOBE LIV AEL 22205 THE. ER, BEERFELD
REC—7HICEEIAMATEIBAAPELRY, REY - /B EFRHOMEBATESGY
—JEERETEILAS N, BRFABHREORECRAY - /BB TEBEY -V 2XESLELD
FNO, K, SOLEUBFETFAEOBEA T WELTTRL, BRF5LHLRKER LT 2HB1
ToEZTOERIARESNS Dot

ZOESEHAACOETRRESMTE, BEBREETSTHALAWVA - Z0EEEEA
Tn288l HOEHBAELEL, EHEROERHATRLLTHATHWS, Thby, 81
EEROR2EOEHAREIC wt,mﬁﬁﬁwﬁﬁ$ﬂﬁ(2%EMmﬁ/mmﬁ)ﬁmﬁmé
EHEEMHE (ZHEATRE/ZHA) L VNE L ALZ2KEBERIIZ WY, BEBEIL 2T,
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EHMAEHHERTRHE $1165 (R-116-'88)
Res. Rep. Natl. Inst. Environ. Stud., Jpn., No,116, 1988.

n-3 PANFEOREATRETOREEY

Pollutant Loading and lts Runoff Characterisrics in 3mall River Basins

HEEHEE
Senichi EBISE’

B 5

HEHNOEHA AP KHERBEARE TR, tENERARBIELATHS
ANERBTHEFARETZI@TNOMNRBIBNT, ANZ2A0 THB T IHE
BROKESLFHBELELAIITZ2EDI, RAAWEHE, BEXRELAT
EHY, BNBHEATERTE2ERLE. BB CECHEMIIEREL-HEATR
FEHMLROAFHATRFEMRZ, LHEPFLALTRBEITHRAUTH T NI
BET 2ANTREREWON 2E, WA ALETR . THRACRSS £
REET22TNTIIBAKATOHL4~TREECHEL oE, £, VEROH
BREEE2SLAFNSS~UEORMEREATERELLIIETNHRAHATES
BETAEHBEFTILIR (Z Lires  A=28 * (ZQyrass A)) BRDHE, W
FAEEHTESAETFLRLS, BRABRZAY LB ZANTRIZEREED
H¥a 2y, BEOBRHBOIIARNOENLFTANOGa LY hEL, HHfinlEX
ok, KEEETESDE, COD, W&, U2%DTotal, MBERUVEBEERIZ
DNWT OB IE0re-PED-CODEBVTI@IN LI 2 BAMEok., BEBES
F UL onT, MO, -N, KO,-¥, PO,-PRUROWEFITHEL I EBADIESR
Py, BEERFHIIIAIETETEOENOBEMST E 2ok,

Abstract

In the three adjacent small river basins where the type of land-use
and water-use was simple, the observations and its statistical analysis
were done to estimate more precisely the magnitude and runoff
characteristics of pollutant loading for dry and rainy weather days. The
specific pollutant loadings for dry weather days in a year from the two
river basins, where mountainous in the upsteam and middle reaches areas
and farmland in the downstream area, became about twice as large as the
specific pollutant loading of rain water in the basins, Those from other
river basin, where mountainous in the upstiream area, became about 4~17
times. The regression model equations of total pollutant loadings during
any storm runoff, ZTlgre:s/4=8(ZQsresal/a)", for three rivers were
obtained from the observation data of 13~14 storm runoff events. The
equatlions were obtained for almost all water guality indicators in each
river with high correlation coefficients. In the two river basins where

1 BUYAEHER KELEBEE T30 RER2EHMFIN6EL
Water and Soil Environmental Division, the National Institute for Environmental
Studies, 16-2 Onogawa, Tukuba, Ibaraki 305, Japan.
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almost all chatchment areas were occupied with mountainous area, the
coefficients, a, become nearly same value and smaller than that in other
river basin, The exponent, n, in the two river become larger than that in
other river, The exponents for the total, particulate and dissolved
conponents of COD , N and P in three rivers become the value bevond 1.0
except Org-P and D-COD. Also, the exponents of KG;-N, NO,-K, PO.-P, and K
in three rivers were beyond 1.0. These analvtical results were considered
1o support the increase of pollutant loading during the storm runoff
periods.

1 @FLUsic

AP OHHEATHNEE L THEAETL2EEDECELANBEOARZ I LHHFEORH TS
e OBHERETSICE, 8IS, KBS EIHRAEORM2EIERTONMREEAH L L
EEMInP T, RAKTEREAPSOERPBTKOBRABITEOKFBASRTH Y,
TOHHEDL TREPEAMOHFEKRKETEN I LERTHS. £, WITHEHHETE, AL
HEPSOREAFTRLERIISSATELENDHE, ZABIHATHNEEHBONEREHET
T, MBEAEAEEREIREACEBATORKOEESN TSI VHHEERL TV . FIC,
AN ERBTRESALEROLREZ I BLTNEZLFRZ A, FICEWRBEREILST
ZBACHEOCHEE L S DHEHEGNLENER LB THASL TSNS, Ta® A, @
EHRBONMRBETOHEEOBVHEEZEREL, TOREMAI Y RELRRBIEERTESZ LD
HELLT, UTIIRETOREATE TOREREORTEHS>ZLILT S,

2 REARALOFHE

HEMEL LERER, BrHIEATITNIT2BEILAEBEHEERAEL, Br#ETRLE
REMCCETLUTVI2HEANOAATNNTH 2BENOXHDO LRFNKHETHD. $2bb,
FELARIEZREL, BH/IIOoWRBTARINLERTIINXNNG 3 LXHE DM, FUWRETK
fEIRTH L. ZhE3@INEBEIIIRT IO EREBORFELRTEHAK 2ETHNEINT, £
NEFLOTN OB EEFHEEHEIE, MEISAFEBTT. %", FIRAY BEETE. 31kn*,
ARERFHEATR T TH B, ZHAL3FNTORNIT, BEHSHLFEFEFIGENS
IBBEFEETOBEEM, BREHREOEHFEENIRIELSI1WVTEZTTOIEN, BAOREX
DEAFEHESIBIE,rSIBVTEEZTOIEMTHo R,

ZOENGEHROBHRE, WIThETREHAPLPARULOLUHTREMOCHEET, HTE LB
ZOBRABS LI AVERSKESZWIEENAENT S, Sk’ EBRBHHTBMHFDERK
fERTHE, BEAYPAZIIEDERITNTHY, THHOBHIHAMBEIIEZ L REIAETH
LEEL, HHAOQRBIVZATH A, 6.3k E 2HHIIHMEAMARELFLIRE, LHE L
WEBIZHRES O, B THETZAR L RKEFASS, BEIPTHRBTREHEL, FTHHTEEDL
TEET?., BBEADR 62ATHSY, MIELRIE - BERIEFEEL, SANOFETHREL
BEANORERTNRETHS, MENOHEBETORBL, REEHEN 7.9¢kn* 2B EH
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DBAFRRB LT T ARTOBAERRTE 2 b ok, £, BAHICIBFICELT 2328,
BESIA+GE o2, ZOBHOBRRBIBHTL 202, BEROFEFIEETH -
. ZOWMETOEMT 1985FE 3 LS 18TRIFETO2EMTH oA, ZHIZET-T,
1984E B A BIRTR I FETOIEN, BB THRREEBEOFA M B EHRNTEILIASE
MEFEBELEILBVWTHERESaDAF Y LAy b TARICEZBAOERZT o =,
BEABRLAWEHEE, THOLHETL U TIIES A SIBTELFETCOIEMF, KA
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4 AO1FMEIITE, 1988E 3 F~10TE4L D 1 EEMEVLETHh> L. PRVEROSEAE S
AlIHUEOEBZHFELEZ. ZOE»I, ZR0BRFTRHEHRARTCIBVT, AZLBEAORE
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EER I BEEABCERBEFAERZITBRICOWTIT2E,. 202 3FM/IERFEINI0ER, 2
AMNABRFAEHLNIER, 1TINBEEBAEFNFIEWME A>T, BRI EEBEE T 241K
LTHEY, 195mORERBERFEOBEWNMI LTI 3ImOBERETOEBAL oTINS,

4 HREAOBXAOAN

REAGOM) LEBOMNEETE, BEANOEREAZN LM, KE, @ROCIHFARET
EHAN, KEAPMA#TOAADPWERLERP>ETROBRSEORERKFHT 2L, b
BMBACIEZ2EREHKEEA)IOBEEFRREIAATEBETZZNANHE., LEN2T, Z
AN ORELTHEIBRAZELLUERIZHFIITEHEINTWHEEADND, ££, FOEK
CEERCAFNEOBHN 2, W LESPOERZHFHEHCPRARELOMINKBEONY 7 T35
YEELT, BB0R, FAFNOREICETA2HREATREOR-ALLIHETE2EDILHF -
.
ZIKKBERHHRHENBOHERIIBIZIHIPOBRSLELETOSEEZ, —EERBWO
HEIZSITRTY . 197846 AASIWIESFETOSEMOELHBREAIT 1.252m T

® 1 BEmOTHE

Table 1 Classification of annual rain events

31~-40 21~30 16~20 11~15 6~10 1-5

b P I s dimmd b A ds
mm mm mn mm utn] nm
1978456 F  MEFREIF(E) 37 33 48 47 52 85 201 504
§ #5HBFHE(on) 2,380 1,143 1,206 851 BB 651 434 7,348
198445 8 PERTRLIEER(%) 34.2 151 16.0 11.3 89 8.6 6.0 100
19844E6 i EFEIH(E) 3 5 13 3 4 14 45 a7
§ &3 BEFH & o) 187 174 320 51 46 109 117 1,004
198545 1 BFELSE(%) 18.6 17.3 31,9 5.1 4,6 10.9 I1.7 100
1985%E6 7 PEEEE(E) 11 6 8 3 8 11 33 80
§ G EEE () 752 207 196 54 9 a7 88 1,461
19864E5 0 METRELR(%) 51.5  14.2 13.4 3.7 6.6 5.9 4.7 100
19864E6 5 FEEmER(E) 3 5 8 10 11 11 39 87
4 & it & (on) 402 171 207 172 143 &1 84 1,280
19874E5 5 BRWRLEHR(%) 31.9 15.6 16.4 13.7 11.3 6.4 6.7 100
198446 F PR EE(E) 17 i6 29 18 23 3 117 254
§ SHEm&(mm) 1,341 552 723 27T 285 297 270 3.725
1987485 F  BEMRLIEER(%) 36.0 148 18,4 74 17 7.4 7.3 100
1973468 BEEH(E) 54 49 78 63 75 121 318 758
4 E¢mm&(on) 3,921 1,695 1,929 1,128 954 928 724 11,271
1987425 5 BEREHR(%) 34.8 15,0 17.1 10.0 8.5 8.2 6.4 100
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ES 2 BROAREREDOEEE (ng/l)

Table 2 The means of water quality concentration of precipitation (mg/l)

Flace Pericd Precipitation | K, -N NO,-® NO,-N inorg-N PD,-P C1 COD §i0, SO, Ca Mg pH
National lnstitute |’ 84 June - '85 May 807mm 0.331 6.005 0.236 0.572 0.003 1.28 2.18 0.06 1.69 0.23 0.12|3.5=pH=4.1
for Environmental |’85 June - '86 May 1,388 0.531 0.006 0.314 0.80 0,027 1.73 1.56 0.24 2.44 0.42 0.22 ) 3.2=pH=5.6
Studies "86 June ~ '87 May 1,111 0.381 0.007 0.351 0.739 0.011 1.45 2.02 Q.05 1,53 0.15 0.08]3.0=pH=7.0

’84 June - ' 87 May 3,292 0.431 0.006 0.307 0.746 0,016 1.53 1.87 0.13 1.95 0.28 0.15|3.0=pH=7.0

Kakioka "85 Mar. - '87 Mar 1,599 0.348 0.004 0,282 0.634 0.002 1.17 1.8 0.07 1,25 0.12 0.07{3.5<pH=5.5
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YV, EHEELEKRLE 1B4EHSLIBTEETOIEMOEFEHBRTREL, 22me: b2 VLD
Yiddad ok, FULioTHEMBRBIIINASY SRS Y, 108456 F ~19854£ 5 HD 1 £
i 1,004on ¢ E£ 1 QOEMTIRENTHY, 1985466 F~19865# 5 D 1 £/ 1,461n0 T 2
EHILREVHETHE -2, 19866 F~1087TE S B D 1 EHA 1,260mne FIEEHICHEETH
of, FEREDMNEL ok 19844£ 6 B ~19854 5 H 13, dlonll EOBREA 472 < ,21~30mn @
HEOEWMIAF L 0IBEIESHhE,
R2ICEVAEFMEFRIKE ETI3IFMERALEA D, ABHHEOHYBEENTHRET
PEMBHLETOOBRKKEEECEHNEERLE, AEFEFELTOB KR IEE A
FOBRRESTOBKBEELVIBIFE S F~I85E A0 1 £ TH 230mm L7 <, 1985 £ 5
A~19864E 0 A0 1 W T 210nm £ <, 198646 A ~19874 5 A0 1 £ 7T 110mm H <, 34F
HTHEHM 95 F<lrok, F, MELSWTIORASEBE THERESERNEOLEDICE
FOMEISBEHHCPHLBOERN+ L TR ED, BEATOBKEDON%LIAERT S
Birot. BAROKREBER, MERBYETERANOE P > EBRKIISWTREZAYDK
HEELODLWIEWEREERZRL, m2BAZ2 LR ASLEXKEOBARTIGVEBETH - .
PH BEIEDESICEIILHEVEEERL, BEOEAIEII~6c0BMELL2E8mA S RE,
WHEADRFLOSFRBEEML2BEA»S R, BRBXBAKKERE*SEL-BAREES 37T
WRKEERE (BMBKATE /BEAER) TOFEEIEELVEEAONLE, AFEFRELTO
198542 6 A~ 1086 E S AOBKEER ST OFMLHREEEWE, COD, NO.-N B ¥0,-¥ % &
WTIANRTDOMERE CIEROEREERLE, 2O 1 EHOBRRBIIIEETEATHY
BEREOBRTHYEBLLIEEARALAS. 2L, BEF L TR AR TO 2EMOBLRE
HEArJWEHEEL, WFhOKEHEECHAREFELOSEHOR L R BEI VL 2N
EREIRoTWB, LML, METOERBRAITOEEM (1851 ~1980%F ; 1,377mm) i3, FEE
(EEZAEFEFRIY Lkali) 0% h (1951~19804 ; 1,278wn} XY 100mn& < 2T HY
ENERYEZVORKCLZATREOTEOEN, BRAEEASHEAKEEEO TR E UL
SICENED LD, FMAFTTCORAME LB L EBKIZZBAMREIZ, NH.-NT 470kg/
kn® -y, NO,-NT 340kg/kn’-y, EEES R L L TH 817keg/ka’ -y, PO, -P T 18kg/km®-y, CODT
2,050kg/kn® -y, S0,°° T2,140kg/kn’ y, CIT 1,680kg/kn* y ¥ 23, R2ZOHMEOBRAEER
D TFHREEBEELABOAL 2AEMOEHBERE (1,398m) »LHEEZNIEREELEARE
FOLOLIZEFLNOCHEIZZ2KEETNS .

5 BEBRECLIDIREARTROEMS .
AN, FULWRECAERCBEXSHHIIBT2HHANMBRAE 210848 5 AL H 19874 8
ETOIEMIIEBLE. FEEZLOPFXERICEIRWADD 0N YE, SABK1EL FOHE
EraEl, sEiAEHAEzRAELE, L2L, MOBELEHETCERBELEZEEH Y,
HFINR P KEROBERASNINENINO TN E LELIERE 2o 2.
F3WITNOFTREEAREBEREOTHEE R T, MEDINSES A~1987F£4 F 0 1 £FHEFH
Ao 2 EBEYREL, TOEENFEINTLILPLT2ER>THATWLWEEDIZAEZS,
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FEAKREL 20, BEAHUISCELLTWwEORE Cl THY, HOBEOEDHHERD
HREHINZEICBRoT NS, MERPRIIL, b3 ABNBEOCEELEENIIZNZ
ZEBLTOHRBILETSAS, LAL, RIOHEANROEHED, 2HEEOHKRENED
BWEFTOEEEMLT, BEAYXOREEE CHEFELAEIAIRZWEIILIREAFEESED
KEL o Twd, 3ANOIENOTHELEMEHREAVOREATFEREN I LTELD
BE, BODEIIIRE, BWEAYOKRERET, REPMHBOERE, BEAORZOABNR
AEHHEOSZWFUROESAEEIAED., REBEOTHMERENLT OB RER L ARINILE
CAYAUMDEER>TNE., ZHh6OHEE, PRt EALYLAANLRBELEARKHNY
DETHY, FHEE,MHDHFLIIIRVBERARBOELRoTE, LEF2T, HEHN
P, KREEEFAMEN DS LRBETHA LRSI ACEESARSET /oL aWwRE
> tEETE:, FEEFRELZTN IR Y RERBELR>T WA, SEHOBAEIZTIEFLA
CEMBOAETHY, AHBOHEELEL B L ELIINELRBEIIARZLEAGAS,

BEREZAWMOR -2 20T, HOBAOATLEOERIIBEVWSZLATELIRRKOKHE O
RAEE, R2ZORAEMATMBLOSEHMEHOBEKELERBEEZEH WS 2, lnorg—N £817ke
Jkmey THBAF, IANOEHAFRETIE 1,700~3,860 kg/kn’-y & 2 ~4.5 EOEER=T
BY, T-KN 23Sl AESRERL 25, PO,-P TRMEAD 18kg/kn’ y LT I3@NT
3 79~125 kg/katy L A~TfTHo=, T-C0D CixMEAD 2,050 kg/kn® -y I2% LT 37
Ti3 4,200~5,500 kg/kn®-y @2 ~2. 7T > TB. R, SO, T2.3~4.9f%, C1T3.6~
6.3 BRETH->-. RROBEDTEOSRBRLOL S, KESHBIIEBHEROA BB S
AWEMAT, BALLDFEHANOETO2HEULOEHAWREL 2> THMEBLTHELT
WHZ XD, WIKEEBEIR, BERAKCEVWARERDNEINTE RH-N 2RO TERKEE
FUdRURERMERL R,

6 MRS

AN 2HEIERERHEATRAE 2 EE LA RIENOBRRERRGICA T, MR D
W, HHRHEACRATORAEITAL, RTFAMLCETO LA THERBLOFIBRHAE R T
SRS, HOENEBERAEROAFEY —BREL>THSE, UL, SENEREELITEHN
BRAIOBEMFIZLEZELTY D, MIITIIER, KFREFLRTUBRT EBABRRBEDL T
—DODEBENTH B, SHIOBRWBERLEFEOFHIN 2B LTETH A D, £=, 19808
TANDINEEIZAEFTOMIIBE 1 ~L HOERM 24T, 198m A5 3mOBETETCORTER
BESAAN-TEY, BRIOBFOSEISATHIIR- 2aH LT, ImOER
oW TR, FRILNZLRAEEBHHTH 20, BERBEDICAVWENN G LTEFOMEIC
mA. BHEERE, BAEORIS4RVIARROWTEHISAELTBY, Bdyiddl, —
SORMBRHIIOVWT, BRILIZHBENOHEIARELS, REORAC -7 ROKEE
BRETEHEMBEMNOKEEEFFZLAE R 2B EETORABNELANICHRKREZT> TS,
ZOMOBREORMBELS, HZ2OX UM ERLOBREL oy PTHEESNBICSE
WTHDLREIIERIIESCEIAMITSRE2ETIREAR6NEY . ZOHgEMAL
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3 BRSO KEEEO VI (0g/2 5 Flow n' [sec)

Tabte 3 Means of water quality concentration for each obsevation period (mg/l ; FIOW m’/scc)

River Period Flow  Nil,-N NO,-N NO,-N  1-N 0-N T-N DTN PIN - PO,-P 0P -P DTr PTP

"84 May - "85 Apr. [0.090 0.026 0,007 1,179 1,213 0,103 1,320 1.251 0.072 0.011 0.014 0.025 ©.013 0.012

"85 May - 86 Apr, [0.117 0.038 0.008 [.299 [.344 0.096 1.440 1.344 0.096 0.2 0.023 0.035 0.016 0.019

R.Daisakuzawa T86 May - "87 Apr. |0.188 0,044 0.008 1.320 1.371 0.060 1.432 1.380 0.052 0,019 0.033 0.052 0.0%6 0.026
"84 May — 87 Apr. | G.130 0.037 0.008 1.275 1.320 0.088 t.410 1.331 0.078 0.013 0.024 0.037 0.018 0.019

"84 May - "85 Apr. | 0.151 0.059 0,017 1,548 1.630 0.258 1.914 1.637 ©0.249 0.016 0.083 0.105 0.022 0.084

"85 May - "8G Apr, | 0,297 0.077 0.0(8 [1.524 1.619 0.232 1.851 1.7i3 0.138 0.025 0.093 0.117 0.034 0.083

R.Terayamazawa "86 May - "87 Apr. | 0.316 0,055 0,012 1.471 1.938 0.120 1.658 1.54% 0.1i0 0.032 0.07% 0.107 0.042 0.065
"84 May - "87 Apr. | 0.265 0.067 0.016 1.516 1.601 0.20% 1.815 1.B51 0.157 0.025 0.087 0.112 0.032 0.079

"84 May - "85 Apr. {0.158 0.025 0.008 [.066 1.096 0.175 1.271 1,132 0.139 0.018 0.022 0.039 0.02% 0.016

"85 May - "86 Apr. | 0.237 0.055 0.008 1.327 1.390 0,124 1.514 1,439 0.074 0.01§ 0,028 0.044 0.017 0.027

R.Korakura '86 May - "87 Apr, | 0.391 0,030 0.009 1,348 1.387 0.139 1.525 1.394 0.131 0,028 0.052 0.080 0.039 0.041
"84 May - 87 Apr. | 0.258 0.038 0.008 1.250 1.295 0,145 1.440 1.328 0.112 0.020 0.033 0.053 0.026 0.027

River Period T-COD  D-COD  P-COD cl 5§ T-5i0, D-5i0, P-85i0, S5i0, S0, Ca Mg Na K

*84 May - "85 Apr. 1.5 1.04 0.68 §6.35 6.5 17.37 16.74 0.86 16.29 4.27 5.41 2.38 4.64 0.8

"85 May - '8b6 Apr, 2,14 1,28 0.8 5.91 12.2 17.20 15.79 1.45 15.18 4,43 5,09 2,38 4.71 0.84

R.Daisakuzawa "86 May - '87 Apr.| 2.81 1,55 1.26 5.83 5.8 16.76 15.60 1.17 15.98 3.82 462 2.40 4.73 0.98
"84 May - '87 Apr. 2.20 1,30 0.1 5,99 11.9 17.11 15.95 1.18 15,48 4,22 65.03 2.37T 4.70 (.88

"84 May - "85 Apr. | 3.62 1.66 2.02 10.87 56.h 29.22 22,85 6.53 21.95 &.18 10.71 3.50 8.28 1.52

"85 May - "86 Apr. | 3.85 2.05 1.80 8.35 §50.0 24.43 19.00 5.43 17.94 7.97 10.36 3.17 7.54 1.54

R.Terayamazawa "86 May - 87 Apr. | 3.38  1.90 1.48 7.04 24.4 20.24 18.73 1.51 18.19 6.29 9.65 3.39 .91 1.56
"84 May - '87 Apr. } 3.67 1.91 1.77 8.64 44.8 24.46 19.89 4,65 19.01 7.58 10.26 3.31 7.5 1.54

"84 May - "85 Apr. 2,60 1.84 0,96 6,49 6.2 19.78 19.05 0,73 18,32 4.60 3.73 1.94 5,42 1.11

"85 May - "86 Apr. | 2,79 1,53 [.26 6.31 10.9  19.91 1877  1.13 17.8 4.56 3.82 1.78 4.43 1.09

K. Kozakura ‘86 May - 87 Apr. 1,08 1,97 2,12 6.010 25.8 19.61 18.21 1.39 17,76 4.29 3.21 1.9%  5.50 1.24
"84 Hay - "87 Apr. | 3,12 L[,70 1.42 £.29 14.0 19.79 18,70 1.08 17.98 4.49 3.61 1.88 5.45 [.14
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# 4 SEIROFEL AR E DM (g/sec ; Flow o’ /sec)
Table 4 Means of pollutant loadings lor each obsevation period (g/sec; Flow m/sec)

River Feriod Flow NH,-N NO,-N NO,-N [I-N o-N T-N I PN PO,-P  O-P T-p DTP PTpP

T84 May - "85 Apr. [ 0,090 0.0028 0.0009 0.110 0.113 0.009 0,126 0.123 0.006 ©.0009 D.00i6 0.0025 0.0011 0.0014
"85 May - "86 Apr. | 0,117 0.0042 0.0008 0,154 0.159 0,008 0.167 0.150 0.0i7 0.0012 0,0032 0.0044 0.0016 0.0028
. Daisakuzawa 86 May - 87 Apr. 10,188 0,0071 0.0011 0.261 0,269 0.016 280 0.270 0.015 0.0048 0.0136 0.0185 0.0057 0,0]28

"84 May - "87 Apr. | 0.130 0,0046 0.0009 0,173 0.175 0.011 181 0.179 0.G14 0.0021 0.0058 0.0080 0.0026 0.0054
"84 May - "85 mpr. [ 0.151 0.0097 0,0027 0.251 0.267 0.045 321 (.26% 0.043 0.0025 0.0159 0.0185 0.0032 0.0152
"85 May - '86 Apr. { 0.297 0.0246 0.0050 0.925 0.554 0.049 0.603 0.578 0.026 0.0060 0.0216 0.0276 0.0083 0.0193
K. Terayamazawa '86 May - 87 Apr. | 0.316 0.0161 0.0038 0.531 0.544 0.030 0.581 0.567 0.028 0.0115 0.0236 0.035! 0.0159 (.0192

o oo o O

"84 May - "87 Apr. | 0.265 0.0186 0.0011 0.480 0.482 0,043 0.530 0.495 0.030 0.0066 0.0208 0.0274 0.0090 0.0183

"84 May - "85 Apr. [0.158 0.0041 0.0009 0.184 0.i89 (.030 0.219 0.124 0,025 0.0025 0.0037 0.0063 0.0036 0.0027
8% May - '86 Apr. | 0.237 0.0147 0.0014 0.381 0.397 0.020 0.416 0.403 0.013 0.003% 0.0072 0.0107 0.0036 0.0071

;, R.Kozakura "86 Kay — T87 Apr. | 0.381 0.0137 0.0023 0.717 0.733 0,052 0.785 0.735 0.051 0.0150 0.0291 0.0444 0.0181 0.0263
= "84 Way - '87 Apr. | 0.258 0.0110 0.0015 0.418 0.431 0.033 0.463 0.435 0.028 0.0066 (0.0127 0.0193 0.0079 0.0114
' River Period T-Con  D-CoD  P-COD Gl S5 T-5i0, D-§i0, P-Si0, Si0, 50, Ca Mg Na K
"84 May - "85 Apr. 0.18 0.09 0,08 0.51 0.8 1.57 1,44 0.09 1,33 0.38 0,47 0,21 0,39 0,07
"85 May - '86 Apr. | 0.28 1,14 0.14 0,60 2.2 1.96 1,70 0.26 1.66 0,49 0,48 0.28 0.47 0.08
R.Daisakuzawa '86 May - ' 87 Apr. 0.87 0.27 0.60 1.02 9.4 3.38 2.73 0.6 2.63 0.78 0,76 013 0.80 0,18
"84 May - "87 Apr. | 0.42 0,17 0.25 0.70 4.0 2.28 1,93 0.33 1.87 0.4 0.5 0.31 0.5 0.10
"84 May - "85 Apr. | 064 0.2% 0,39 1,71 11.2 4,73 3.3 1.34  3.20 1.27 1.57 0.53 1.21 0.22
"85 May - 86 Apr. 1.08 0,69 0,49 2.31 13.1 6.90 5,45 1.46 5,18 2.50 2,85 0.9 1.99 0.4]
R.Terayvamazawa '86 May - '87 Apr. 1.53 0.60 0,92 2.08 13.7 6.70 5,70 1.0l 5,414 209 2.77 1.04 1.98 0.48
"8 May - "87 Apr. | .10 Q.51 0,58 2,10 12.8 6.33 4.99 1.31 4,75 2,09 2,53 0.8 1.79 0.38
"84 May - "85 Apr. ¢.42 0.26 0.17 1.0l 1.2 3.11 2.98 0.13 2.87 0.7 059 0.3T 0.8, 0.18
"85 May - "86 Apr. | 0.74 0.36 0.38 1,412 4.l 4,74 4,23 0,52 4,10 1,14 Q.83 0,42 1,22  0.29
. Kozakura "8G May - "87 Apr. | 2.07 0.69 1.89 2.20 27.5 8.28 6.80 1.48 6.49 1.82 1.13 0.78 2.00 0.50
"84 May - "87 Apr. 1.19 0,42 0.76 1,52 10.3 5.28 4.60 0.68 4.42 1.22 0.88 0.49 1.33 0.30
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# 5 BYREsEHORHAMRREAE (ka/km® - y)
Table 5 Specific pellutant loadings for dry-weather day (kg/km”-y)

River

N, -N NO,-N NO,-N DN TN PO,-F  DIP TP D-CoD  T-Ccop S0, Sig, Ca ¥ Na

K

R.Daisakuzawa
R.Terayamazawsa

R.Kozakura

16.6 9 1,750 1,820 1,940 21 26 81 1,720 4,260 7,100 5,480 19,000 5,680 3,140 5,480
93,0 20 2,300 2,470 2,650 33 45 137 2,550 5,500 10,500 10,400 23,700 12,640 4,300 8,940
43.4 6 1,650 1,830 1,830 26 31 76 1,660 4,700 6,000 4,820 17,445 3,470 1,930 5,250

1,010
1,800
1,180

# 6 BRI OEEEE I & MR

Table 6 Watershed areas of observed rivers and rainfalls of observed runoff events

Observation Watershed
River Rainfall of Observed Runoff Event {(mm)
Point Area(km®)
R.Kezakura Asahi Bridge 7.99 8y 73 B3 38 36 27 25 18 18 17T 11 T3
R.Terayamazawa Shimada Bridge 6.31 195 85 73 3% 3 28 27 25 18 18 17 7 3

R.Daisakuzawa

3
llosouchi-shita Brdige 3.1 195 85 73 3 35 28 27 25 1R 18 17 g8 7 3

—E
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Fig. 2 Relationships between cumulative flow and cemulative loadings
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ZLlic: /A=Db-(ZQ.../ A)" (2)
ZLleress A=a (2 Q¢rss: A)" (3)

ZZT, a,b,a,n ,mEUnitEHTHS,
3HINDENEFNCRAERIZIONT, (S)ROEBER 2RO T, HEHERITO>Z LTS,
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KonwT, (3) ROBHREITMINO—BHRELTRT, 22T, RNHEE Z Qero.. DHAI
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BMAEEHIZODOTE, MENIAAERIY aMphEL s REL SERE o, &ENT
LOEREFLRDZR, FELEWHBESHETHY, £7 T O0rg-P & D-C0D DEM»RTART
BELAIEBATVS,. SS DigHh P-COD, PIP OBEEK S D, BEERIAFOHTAE
T ILA NELEDD Org-P & Org-N, BV, T-P ® T-00D o0 T OEHn OENAZ L,
EBREAAVIZ20TIE, VNO,-8 BEBSAGZE FBO,-K ® PO-P OEA 4 2220 T 35
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KihZ2len DL 2>2THE, ZOEFEFARICENTHEE Y 1 2 BALZKEEFI2nT
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e, BERAEEROEREFVROGH B n Ot t, BRARRHEATERE,» SR
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Table 7 List of regression equation$

Water Qualivy

Indicator R.Kozakura R.Terayamazawa R.Daisakuzawa

7-COD 2.306°{ ZQgross /A -7 3212 (TQgross /A0 7" 1,603 (ZQpraas/A) 0"
(r=0.875) (r=0.941) {r=0.936)

T-X L1B1 { ZQprae /8 """ 1.550° (EQpeasa/A) -2 1.403-(SQg,0.,/A) ""*
(r=0.960) (r=0.962) (r=0,971)

T-P 0.0451-(ZQurasa/8) <7°% 0.1083  (ZQprass /) °"" 0.0366- (ZQeross/4) 77
{r=0.903) (r=0.829) {r=0.890)

58 5.452(ZQevess /A" 18,34 (ZQprasald} "7 3.379(ZQprasa/A) 2"
(r=0.858) (r=0.834) (r=0.901)

P~COD 1,038 {ZQesoss /A0 7" 1,275 (ZQsraas/4)' 27" 0.5751-{ EQerass/4) 707
(r=0.834) (r=0.819) (r=0.907)

PTN 0.119C- (Z0praaa /A 72 01911 (ZQgreaa /A -5 0.1560°{ ZQpra.afA) "°
(r=0.867) (r=0,853) (r=0.859)

pTP 0.0162+ (Z Qeresa /) "%* 0.0851- (T Qpuosa/d) """ 0.0142+( ZQg,../4)"-7""°
{r=0.874) (r=0.302) (r=0,843)

p-cap 1,608 (ZQureas/AY *'% 3.184°(ZQerass/8)"+*""  1.578 (ZQero.,/8) """
(r=0.937) (r=0.980) (r=0,980)

BTE 1057 ( BQprena/A) 1% 1,038 (2 0praas/A)' %% 1,155 (SQera,,/A) 00"
{r=0,960) (r=0.930) (r=0.990)

DTP 0.0365  (ZQrrasafA) -""" 00583 (ZQerasafA} -°7° 0.0179 (E0srq,./8) "7
{r=0,308) (r=0.894) (r=0.5954)

Org-N 0.1306 { ZQerass/A) -°7% 0.3127-(ZQgraaaFA) -7 0.1909 (EQeve,./4) 707
(r=0.858) (r=0.871) (r=0,873)

Org-P 0.0187 - (ZQeross /A """ 0.1933 (ZQpvass/8)"-°77 0.0349- (ZQ4r0,./4)" "
(r=0.879) (r=0.728) (r=0.874)

1-8i0, 16,82 (Blgrasa /A 770 28045 (T0p0e /)Y 1" 1688 (EQe, ... /8) 077

{r=0.890)

(r=0.930)

(r=0.937)
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Table

8 List of regression equations for inorganic ions

lon R.Kozakura R.Terayamazawa R.Daisakuzawa

NH, -N 0.02954 (ZQprosa /A0 »7"7 0.24287-(EQe0.,/8)° """ 0.08432: (Z04r0s. /20" 7%
(r=0.816) (r=0.718) (r=0.797)

¥O, -N 0.00983 (Z QprosalA) 77 0.01478( ZQross/A)' """ 0.00934 ( ZQgr0../A) 7"
{r=0.901) {r=0.882) (r=0.976)

NO, -N 0.9193- (ZQress/8) """ 10887 (Zdsr0aa/A)' *""  1.0805{Z8cra., /A """
(r=0,966) (r=0.988) (r=0.982}

PO, -P 0.03002-{ ZQpra=a/A) 77 0.04073 (ZQgroasd/h) """ 0.01283-(ZQgr0,. /) """
(r=0.865) (r=0.918) (r=0.958}

Cl 5.809-(Zlsass/8)" """ 14.368° (ZQpresa/8)° """ B.899-(ZQgross/A)° 77"
(r=0.987) (r=0.969) (r=0.986]

5i0, 19.90- (ZQpra=s/8)" 77" 24,89 (ZQpra../A)°""° 18.76- (ZQprasa/8)"7 "
(r=0,984) (r=0.991) (r=0.996)

S0, 1571 (S0rars /B "7 8110 (S0prans/B) "% 5.496- (Dlpaess/A) 0"
(r=0,984) (r=0.981) (r=0.983)

Ca 2.469 (ZQpraes/A)' 77 9.369 (ZQgraas /AN 777 4.482-(ZQrass /40"
(r=0.8861) (r=0.961) (r=0.970)

g 1.746-( Z0Qg 0., /4)"-%°° 2.071- (ZQerass /027 2.868° (ZQprassfA)"-""*
{r=0.424) (r=0.994) (r=0.991)

Ka 5.045 ( ZQprass/A) 77" B.051- (ZQcra-a/A)°""° 4.223-(EQerasa/A)"7FF
(r=0.476) (r=0.955} (r=0.985)

K 1121+ ( EQgeaas /A) 711 2195 (T Qevasa FA) 00 0.9981 (X Qeroan /AN "7

{r=0.938)

(r=0.984)

(r=0.879)

SHNOKEHEL OWHETORBKERIZ2 TR a2l h s, METORKRBERER

RELTOFNIHEARTR2TORERECECBETSE 2, 3FNC 1P 1B LOHEET
CIEMOBABRLEATRFAELS Y, HHARRFAEE2EELR. Z0OHRBHASDEED
HOFHAFTRRABMNEA-AMLEOLLIHR~OERNLANOBKAFEEYT, Z0 e
ETazzreRgal, ABNLBEFLLRL, BROBLAEFLBTEH N, BREEFIIC
FEWRERENMENOHREBEAFTEREAMIL, 1.8 & T-COD THRAHFOM2HE, PO-P T
WAafg, S0, » Cl T2~4ETH-E, REATEMEOLEDDZ VA PP XELTFLRTD
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HHAWNEREMIE, ABAFHLREL R >TBAROBA~TEOREELER 22,

IOEMOERATZZEHTHEMNT 13~14 BIOBMAHEHELATREAELEH» S, B EEY
EUOMTARAREHEATESEETZ2ERTFTNVR (S Lerass/ A =2 (2 Qgra A)) &
Rk, FANEEEVWHEGHTECAETTFARREE TS, KBARFoAY LB O XRE
RENMEFEOEHF 3 LAYOREHETEE A WELRY, BRACERBOYZ A MK
ENFLUROFEE a LVNESRETH- 2. AR, MEICEE TS EAYOREEE TR
fFiRmisfn Vb LAER2ELAY, FUROEEnLVE MRSz, 2T,
EHAFUVALOBENTN T a b REL TnANhEL Y, BHEAFHLALOBEWENTEE
DFICRBEMEEBRLTNS, ThWIHERREATEREM S RO EREaWRERER - —
HLEERTHS,

EHIC. EREnOKREEIIIOWTORMERS L, COD, BH, VH0 Total , BEER
VEBEBEELRYOCERDIZDODNTE, FWIRD Org-P & D-COD 2B TIFNEE 1 2 BZ = #
o Tnd, EEEALTIIONTIE, NO-8 BLAADIE Y0, % PO~P OBEAF %
RKOBAA 20 TE3ANELERn AN I 2BASERL ok, ZHhIRREFNERHICILD
RHAWMELDHEBEEOEMEEMITIZLOTLL S,

BHOVICHS, BEOBEIAARELEREIAERRAEREZOS 4252 0BG E
/e, ¥h, BHEBRHATERE CRHEDEENCYENEETREOA ~0HBHEEE,
HLTHBEE2RIDRETHD,

5 A X m

1) REEQSFHELS LU HRE (1978~1087) : KFH A EES

2) #EEE- Q%4 BEANLIBRFEBENGLEETEREMNOER, BXAETWERFE
£ S0, 838-102

3) HEEE-— (1884) RTERYEFSEZFL, EYEREFAEHRE, $£308, 59-88,

4) HWEME— (1980)  BEHILIALEBEHSHEHNAOI.OHEH, BT 2WHER IR, 21,

57-68
) HBEEE - (1988)  BRAAVOREAWEFREC TR WHEIEFARIE 2,
267-271
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A comparative study of adults and immature stages of nine Japanese species of

the genus Chironomus {(Diptera, Chironomidae). (1378)
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the family Chironomidae(Diptera). (1979}
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Studies on chironomid midges of the Tama River. (1980)

Part 1. The distribution of chironomid species in a tributary in relation to
the degree of pollution with sewage water,

Part 2. Description of 20 species of Chironominae recovered from a tributary.
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Studies on chironomid midges of the Tama River. (1981)

Part 3. Species of the subfamily Orthocladiinae recorded at the summer survey
and their distribution in relation to the pollution with sewage waters.

Part 4. Chironomidae recorded at a winter survey.
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Part 5. An observation on the distribution of Chironominae along the main
stream in June with description of 15 new species.

Part 6. Description of species of the subfamily Orthocladiinae recovered from
the main stream in the June survey.

Part 7. Additional species collected in winter from the main stream.
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Studies on chironomid nidges in lakes of the Nikko National Park. (1984)

Part I. Ecological studies on chironomids in lakes of the Nikko National Park.

Part II. Taxonomical and morphological studies on the chironomid species

collected from lakes in the Nikko National Park.
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L* Man activity and aquatic environment—vwith special references to Lake
¥asumigaura— Progress report in 1976. {1977}

2% Studies on evaluation and amelioration of air pollution by plants—Progress
report in 1976-1977. {19738}

{Starting with Report No.3, the new title for NIES Reports was changed to;)
Research report from the National Institute for Environmental Studies
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3 A comparative study of adults and immature stages of nine Japanese species of
the genus Chironomus{Diptera, Chironcmidae). {1978)

4% Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides
system— Progress report in 1977.(1978)

5% Studies on the photooxidation products of the alkylbenzene-nitrogen oxides
?ystem, and on their effects on cultured cells —Research report in 1976-1977.

1978)

6% Man activity and aquatic environment—with special references to Lake
Kasumigaura— Progress report in 1977-1978. (197%)

7 A morphological study of adults and inmmature stages of 20 Japanese species of
the family Chironomidae(Diptera}. (1979)

8% Studies on the biological effects of single and combined exposure of air
pollutants—Research report in 1977-1978. (1979)

9% Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides
system— Progress report in 1978. {1979}

10% Studies on evaluation and amelioration of air pollution by plants—Progress
report in 1976-1978.(1979) )

11 Studies on the effects of air pollutants on plants and mecharisms of
phytotoxicity. (1980)

12 Multielement analysis studies by flame and inductively coupled plasma
spectroscopy utilizing comcuter-conirolled insirumentation. {1980)

13 Studies on chironomid midges of the Tama River. (1980)

Part 1. The distribution of chironomid species in a tributary in relation to
the degreec of pollution with sewage water.
Part 2. Description of 20 species of Chironominae recovered from a tributary.

14% Studies on the effects of organic wastes on the soil ecosystem— Progress
report in 1978-1979. (1980)

15% Studies on the biological effects of single and combined exposure of air
pollutants— Research report in 1979. (1980)

16%# Remote measurement of air pollutien by a mobile laser radar. (1980)

17% Influence of bucyancy on fluid motions and transport processes—Meteorological
characteristics and atmospheric diffusion phenomena in the ceoastal region—
Progress report in 1978-107¢. {1980)

18 Preparation, analysis and certification of PEPPERBUSH standard reference mate-
rial, (1980)

19% Comprehensive studies on the eutrophication of fresh-water areas—Lake current
of Kasumigaura(Nishiura)—1978-1979. (1981}

20% Comprehensive studies on the eutrophication of fresh-water areas— Geomorpho-
logical and hydrometeorological characteristics of Kasumigaura watershed as
related to the lake environment— 1978-187¢, (1981}

21% Comprehensive studies on the eutrophication of fresh-water areas— Variation
of pollutant lcad by influent rivers to Lake Kasumigaura— 1978-1979. {1981)

22% Comprehensive studies cn the eutrophication of fresh-water areas— Structure of
ecosystem and standing crops in Lake Kasumigaura— 1978-1979. (1981)

23% Comprehensive studies on the eutrophication of fresh-water areas—Applica-
bility of trophic state indices for lakes—1978-1479. (1981)

24% Comprehensive studies on the eutrophication of fresh-water areas— Quantitative
analysis of eutrophication effects on main utilizatior of lake water resources
—1978-1979.(1981)

259% Comprehensive studies on the eutrophication of fresh-water areas— Growth
characteristies of Blue-Green Algae, Mycrocystis—1978-1979. (1981)

26% Comprehensive studies on the eutrophication of fresh-water areas—
Petermination of argal growth potential by algal assay procedure— 1978-1979,
(1981)
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Comprehensive studies on the eutrophication of fresh-water areas— Summary of
researches— 1978-1979. {1981)

Studies on effects of air pollutant mixtuTes on plants—Progress report in
1979-1980. (1981)

Studies on chironomid midges of the Tama River. {1981)

Part 3. Species of the subfamily Orthocladiinae recorded at the summer survey
and their distribution in relation to the pollution with sewage waters.

Part 4. Chironomidae recorded at a winter survey

Eutrophication and red tides in the coastal marine environment — Progress
report in 1979-1980. (1982)

Studies on the bioclogical effects of single and combined exposure of air
pollutants—Research report in 1980. {1981)

Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen

oxides system—Progress report in 1979—Research on the photochemical
secondary pollutants formation mechanism in the environmental atmosphere

(Part 1}.(1982)

Meteorological characteristics and atmospheric diffusion phenomena in the
coastal region—Simulation of atmospherie motions and diffusion processes —
Progress report in 1980, (1982)

The development and evaluation of remote measurement methods for environmental
pollution—Research report in 1380. (1982)

Comprehensive evaluation of environmental impacts of road and traffic. (1982)
Studies on the method for long term environmental monitoring —Progress report
in 1980-1981. (1982)

Study on supporting technology for systems analysis of environmental policy

— The Evaluation Labolatory of Man-Environment Systems. (1982)

Preparation, analysis and certification of POND SEDIMENT certified reference
material. (1982}

The development and evaluation of remote measurement methods for environmental
pollution—Research report in 1981. (1483)

Studies on the biologiecal effects of single and combined exposure of air
pollutants—Research report in 1981, {1983}

Statistical studies on methods of measurement and evaluation of chemical
condition of soil—with special reference to heavy metals—. (1983)
Experimetal studies on the physical properties of mud and the characteristics
of mud transportation. {1983)

Studies on chironomid midges of the Tama River. (1983)

Part 5. An observation on the distribution of Chironominae along the main
stream in June, with description of 15 new species.

Part 6. Description of species of the subfamily Orthcladiinae recovered from
the main stream in the June survey.

Part 7. Additional species c¢ollected in winter from the main stream

Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides
system— Progress report in 1979—Rescarch on the photochemical secondary
pollutants formation mechanism in the environmental atomosphere(Part 2).(1983)
Studies on the effect of organic wastes on the soil ecasystem— Qutlines of
special research project—1978-1980. (1983)

Studies on the effect of organic wastes on the soil ecosystem— Research report
in [97%-1980, Part 1. (1983)

Studies on the effect of organic wastes on the soil ecosystem—Research report
in 1978-1580, Part 2. (1983)

Study on optimal allocation of water quality monitoring points. {1983)

The development and evaluation of remote measurement method for environmental
pollution—Research report in 1982. (1984)

Comprehensive studies on the eutrophication control of freshwaters-—Estimation
of input loading of Lake Kasumigaura—1980-1982. (1984)

Comprehensive studies on the eutrophication control of freshwaters— The fune-
tion of the ecosystem and significance of sediment in nutrient cycle in Lake
Kasumigaura— 1980-1982. (1984)

Comprehensive studies on the eutrophication eontrol of freshwaters—Enclosure
experiments for restoration of highly eutrophic shallow Lake Kasumigaura— 1980-
1982. (1984)

Comprehensive studies on the eutrophication contrel of freshwaters— Seasonal
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changes of the biomass of fishes and erustacia in Lake Kasumigaura— 1980-1982.
(1984)

Comprehensive studies on the eutrophication control of freshwaters— Modeling

the eutrophication of Lake Kasumigaura—1980-1982. {1%84)

Comprehensive studies on the eutrophication control of freshwaters—Measures

for ectrophication control—1980-1982. {1984}

Comprehensive studies on the eutrophication control of freshwaters— Eutrophic-

ation in Lake Yunoka—1980-1982. {1984)

Comprehensive studies on the eutrophication control of freshwaters— Summary

of researches—1980-1982. (1984}

Studies on the method for long term environmental monitoring — Outlines of

special research project in 1980-1982. {1984)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur

oxides system — Photochemical ozone formation studied by the evacuable smog

chamber— Atmospheric photooxidation mechanisms of selected organic compounds
—Research report in [980-1982,Part 1.{1984)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur

oxides system—Formation mechanisms of photochemical aerozol —Research report
in 1980-1982, Part 2. (1984)

Studies on vphotochemical reactions of hydrocarbon-nitrogen oxides-sulfur

oxides system — Research on the photochemical secondary pollutants formation

mechanism in the environmental atmosphere(Part 1) —Research report in 1980-
1982, Part 3. {1984)

Effects of toxic substances on aquatic ecosystems — Progress report in 1580-

1983, (1984)

Extrophication and red tides in the coastzl marine environment —Progress

report in 1981, {1984)

Studies on effects of air pollutant mixtures on plants—Final report in 1979-
1981, (1984)

Studies on effects of air pollutant mixtures on plants—Part 1. {1934}

Studies on effects of air pollutant mixtures on plants—Part 2. {1984}

Studies on unfavourable effects on human bedy regarding to several toxic

materials in the environment, using epidemiolegical and analytiecal techniques—

Project research report in 1979-1981. (1984}

Studies on the environmental effects of the application of sewage sludge to

soil—Resgearch report in 1981-1983. {1984}

Fundamental studies on the sutrophication of Lake Chuzenji — Basic research

report. (1984)

Studies on chironomid midges in lakes of the Nikko National Park

Part 1 .Ecological studies on chironomids in lakes of the Nikko National Park

Part II. Taxonomical and morphological studies on the chironomid species

¢ollected from lakes in the Nikko National Park. (1884)

Analysis on distributions of remnant snowpack and snow patch vegetation by

remote sensing. (1954)
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