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Abstract

In this report we include the following research topics, namely par capita loading of domestic
wastewater, purification ability of forest, runoff loading of mountain, agricultural field and urban
areas, and change of pollutant loading during {lowing down in nivers. Also the research on fall-
out load from atmosphere is belonged to this reseach group.

The surveys on effluent quantity and quality from residential area were carried out in
Tsuchiura, Nagano and Ueda to estimate per capita loading and pattern of discharge for domes-
tic wa.stewater, gray water and night soils. In order to estimate water purification of {orest, we
set a mountainous experimental watershed of 67. 5 ha in the Tsukuba mountain area, and started
to investigate precipitation, throughfall and litterfall, groundwater and streamwater quality since
September 1984. Also the vegatation survey carried out to estimate the biomass in this area. The
effects of hydrological conditions on runoff loading during direct runoff of a storm were discus-
sed from many observation data in various land-use typed areas. Especially, the runoff be-
haviours of anion substance during a storm event are strongly influenced rain preceding rainfall
and preceding dry weather period as well as rain intensity and rainfall of the concerned rain
event, as the amount of storage and feeding rate of anion substances in surface soil layer are fi-
nite. Also, the change of pollutant loading during flow down in the reach of rivers without
added input load became clear from many various observation data. The amount was governed
by the input load from catchment area, current speed, {lowing-down time and longitudinal
shape of river bed. In two years hence we will continuously bend our energies to these re-

seaches.
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Per Capita Loadings of Domestic Wastewater
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Mitsumasa Oxapa and Ryuichi Supo
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Abstract
Surveys on effluent quantity and quality from small residential area were carried out in
Tsuchiura, Nagano and Ueda to estimate per capila loading and pattern of discharge for domestic

wastewater, gray water and night soils. Also inquiries were made simultaneously to estimate the
sources of effluent discharge.

The following resuits were obtained:

1) Major parts of gray water was discharged twice in a day, i.e. morning and evening, and
coincided with the time of washing and cooking,

2) Per capita loadings of gray water were 140—190/ /cap/d, 11 — 24g SS/cap/d, 13 — 35g

. BIHRERTHRETSHCFETFER T84 ERENSIFidRI2-24-16
(Present address) Department of Chemical Engineering Tokyo University of Agricufture and
Technology, Naka-machi, Koganei, Tokyo 184, Japan.

2. BEVAHEWERSR KELEBES T35 HERRKERSMAETNE16E 2
Water and Soil Environment Division, the National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.
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BOD/cap/d, 1.9—2.3g T—N/cap/d and 0.22—0.40g T—P/cap/d.
Little differences were noted between the loading in Tsuchiura and that of Ueda. These values
were within the range of values ever reported.

3} Per capita toadings of night soils estimated from the difference between domestic wastewa-
ter and gray water were the smaller in N and P, and the larger in BOD and SS as compared with

reported values.
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Table 1 Survey area for the estimation of per capita loading of domestic wastewater
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E‘Eﬁﬁ'g 19834 1H 479 38 1,800 3 54 95 0.46 032 2.4 0.1 21.5
B 1 18 1 50 88 045 03z 2.0 895 28.6
* | FEROFEREFECERERNRL DEE
* 2 BFEOERGERLC A IR VT
# 3 FHEKRHDARBREN DS
Table 3  Per capita loadings for holidays and weekdays
A & S5 MBAS COD BOD T-P PO~P T-N NH~-N NN TOC
2
z 1M 48 198 22 48 116 067 7.8 56 007 35
¥ BH~ C 6 7 018 2 5 0.10 004 03 0.4 0.03 6
n (13 {11) (13)  (14) (14) (13  {13) (12) (13) (13) {6)
T 218 64 2.61 26 i3} 1.53 0489 100 71 0.02 45
k B H ) C 95 241 .89 47 178 0.89 064 4.8 7.0 0.19 -
n {2) (2) (2) {2) {2) (2) (2) (2) (2) (2) 1)
T 177 50 2.06 22 49 121 .70 8.1 5.8 0.06 36
&M ey C10 8 I8 2 6 01l 006 06 05 002 6
n (15) {13) (15) (16) (16) (15) {15) (14) {15) (15) n
F # 368 2.8 10.3 2.3 1.1 9.4 16.1 16.9 10.1 2.2 3.9
B | HEE(s $ERE) = " " & i3 5 H = <] i iid
Bl _HHOAH
T oA 1.27 1.33 132 118 116 132 1.33 1.28 1.28 .29 1.29
B k@ /A B, #hbiAEg/ACB
X:¥5E
C : 4 95 HIEEHEEME
n:HvFM
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Table4 Per capita loadings for domestic wastewater

| #x B SS BOD COD T-N T-P MBAS

(RER B H e D) £ ¥ i 180 43 46 21 8.2 1.2 2.1

i’;@;&%ﬁé@ﬁ@ B~%FEE 180 56 68 25 81 1.1 1.6
=} 180 46 44 22 8.5 11 2.2
B 190 49 49 26 8.3 1.4 28
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Table 5 Results of a questionnaire in Tsuchiura
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Fig.5 Time of wastewater discharge from home (a questionnaire in Tsuchiura)

# 6 EEEIEkoRES
Table 6 Per capita loadings for gray water

1 4 :1: I | k # S$SS BOD COD T-N T-P MBAS
7A 140 11 21 85 15 022 23
+ K B M
10 A 150 13 27 12 13 028 2.6
T HEM MR 8 H 150 24 35 12 23 040 4.2
7H 340 11 13 66 19 02 3.0
T HFawh R
11 A4 160 33 6.2 2.7 06 008 17
R 2 160 17 37 16 22 06 2.5
X @R (#EE ) B K 260 28 74 21 36 09 3.2
B b 100 10 25 11 1.2 04 2.4

(FE1) BT kB3 cap t-d7 !, HEBIEH L gcap 1-d™
(FE2) KEQ, EQEOI LR TARTEEEbhAREYELS|VTHEL..
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Table 7 Estimated per capita loading for night soils

4 18 B # @& 85 BOOD COD T-N T-P
H 40 35 23 13 7.0 0.83
E B 4
B 40 36 22 15 7.0 L1
X W W - - 32 33 13 5.8 0.7
X g e - - 20 15 11 10 1.1
31 A ¥ &

1) EeEege (1977) &bk % o < 2 HERE. ARk EBEK, 19, 583~588.

2% sEERE— (1982) @ AiEMHbke o OAMNE £ OEEME. kS HER, 24, 397~407.

3) sEpERE— (1983)  MpbkE X >4 a0, AkEBEEK, 25 365~37L

4) BEELEEEELS, BTEMIEAEHIET (1984) [ HEEE koMY 2RAME. T5pp.
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Study on Water Purification of Forest from View of Streamwater Quality

(I) Outline of Tsukuba Experimental Basin and Vegetation Survey

KRS - TR

Kohji Muraoka' and Tatemasa HiraTa'
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M OR KB R LB OERRE £ F~ 5 o, RELBE R HHEBRETK (67, 5ha)
®IV, 19843F 9 Ao o BiE B L. G R o BBER OB & RIS RIC
DNTEEHT NS,
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T4 —NIE3IFio 70y PHTERL, Eroih Ao B8R L 2 R0 THEA S,
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Abstract

In order to estimate water purification of forest, we set a mountaincus experimental watershed
of 67.5 ha in the Tsukuba mountain area, and started to investigate precipitation, throughfall and
litterfall, groundwater and streamwater qualities since September in 1984. This paper describes
outline of Tsukuba experimental basin and the result of vegetation survey in this area as follows.

Tsukuba study area is clas.z.sified inte three subbasins of A, B and C of which catchment areas
are 31.5, 19.3 and 16.7 ha. Northern part from stream B is covered by granite rock and southern
part by gneiss rock.

Fifteen sampling sites for streamwater were provided along three streams. Furtherlmore two test
wells were constructed to study groundwater quality and response of groundwater to the rainfall

precipitation. Groundwater and streamwater are collected every two weeks, and groundwater level

1. BUAEHST KEAEEER 7305 ERBERBENSIUHETNTIINGE 2
Water and Soil Environment Division, the National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.



FIEEE - THRE

and streamwater depth are recorded by the float type level gauges. Precipitation is also con-
tinuously detected in the study area.

Dominant plants are Hinoki (Chamaecyparis obtuse) , Sugi (Cryptomeria japonica) and Pine (Pinus
densiflora) of which stand areas cover 85% in the whole basin. Biweek samples of throughfall and
litterfalt are collected in the Hinoki, Sugi and broadleaved plots.

Allometric relationships between tree height and stem diameter at 1.3m height from floor are
empiricaily determined in the Hinoki, Sugi, Pine and broadleaved stand. On the basis of these rela-
tionships, dry biomasses (ton/ha} of the Hinoki, Sugi. Pine and broadleaved stand are estimated
as 201.5, 208.5, 54.8 and 84.2, respectively.
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Fig.1 Flow of water and nutrient matters in forest ecosystem
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Fig.3 - Stream subbasins and measurement sites in experimental forested land
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Tablel Area of stream subbasin in experimental forested land

Basin ’ A B C Tot al
Area (ha ) 315 19.3 16.7 67.5
(%) 46.7 28.6 24.7 (100}
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Table2 Mean temperature and rainfall in month at Tateno M.S. during latest 5 years

Month Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Qct, Nowv. Dec, Mean Value
Temperature (°C ) | 1.8 27 61 113 166 204 230 245 208 165 87 48 131
Rainfall {mm) 380 409 788 911 1157 1332 1154 882 1607 1926 1038 300 1,189
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Fig.7 Vegetation map in experimental forested land
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Table 3  Area occupied by vegetation in experimental forested land

. Chamaecyparss  Cryplomerta  Young Chamaecy~  Pinus Abjes Open
Vegetation obtusa Japoica paris O. densifiora flrma Broadleave area Others
Area (ha ) 354 5.7 4.3 8.9 1.7 7.3 0.6 1.7

(%) 52.5 8.4 93 132 25 108 09 25
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Table 4 Estimation of stand dry biomass in experimental forested land

Vegetation (y‘:ff) Trees/ha Stem wood Branches Foliage  Root Total
Hinoki (Chamaecyparis 27 2700 126.9 15.7 15.9 43,0 2015
obtusa) stand
Floor vegetation 0.019% 0.0081 0.009 0028 0037
Total biomass 126.9 15.720 15.908 43.009 | 201537
Sugi (Cryptomenia 24 2,500 1256 158 339 332 208.5
Japonica) stand
Floor vegetation 0,00039 000039 000015 Q00018 | 000075
Total biomass 1256 158004 335002 33.2002 | 208.5008
Broadleaved stand

D =b5cm 1,600 50.0 6.75 1.2 22.0 80.0

D < 5¢m 6,100 0,085 0.00012  0.000055 0.100 0.185
Floor vegetation 1.23 D476 57 3.986
Total biomass 50.085 798012  1.67606 22.67 84.171
Pine {Pinus densifiora) 23 840 14.8 1.82 1.33 533 23.1
stand
Broadleaved stand

D= 5ecm 5.800 g.77 4.755 0.155 5.77 16.5

D < 5em h 0,90 0.075 0.0024 0.75 L7
Floor vegetation 5.00 0.78 1.93 135
Total biomass 25.47 7.65 22674 13.78 54.80
Y cung Hinoki (Chamaecy- 5 0.222 0.00209  0.00756 0.0756 0.307
pariso.} stand
Floor vegetation 2,22 1.33 1183 B.283
Total biomass 0.222 2.22209  1.33756 1.2856 8.59
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Abstract

Seasonal variation of streamwater quality was observed every two weeks since September in
1984. Besides, temporal variation of streamwater quality and discharge were examined during
rainfall-runoff event. Based on these data, we discuss the possibility of separation of runcff com-
ponents in small mountainous watershed. Main results obtained in this paper are as follows.

Twao rainfall-runoff events were observed during June 13— 14 and June 30—July 1 in 1985 of
whieh total rainfall amounts are 48.0mm and 136.5mm. NO;-N concentration in both two cases
took the minimum value at the peak discharge, and exceded the baseflow one prior to the runoff
event after the rainfall stoped. SiQ,, Cl and specific conductance depicted roughly the same pat-
tern as seen in NO,-N behavior. However, their values after the rainfall recovered the levels

approximately equal to the baseflow ones.

1. BIAEWRA KETERES T305 FsRIBI S HErE /N I16% 2

Water and Soil Environment Division. the National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, Ibaraki 305, Japan.
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These results during rainfall-runoff event may suggest that 8iOs, Cl and specific conductance
have roughly same values in both socilwater and groundwater, while the increase of NO;-N after
the rainfall is induced by the svilwater component. By using the properties of Si0, etc., we can
separate the rainfall-runoff components into surface and subsurface waters, If it is possible,
however, this model is unable to give a satisfactory explanation to the mechanism of NO3-N in-
crease after the rainfall. To do so. we should investigate soilwater behavior and classify sybsur—

face runoff component into soilwater and groundwater.
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Fig.1  Stream subbasins and measurement sites in experimental forested land
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Effects of Hydrological Conditions on Runeff Load from
Nonpoint Pollutant Sources
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Abstraet

Amount of runcff load from nonpoint pollutant sources is influenced by various hydrological
conditions. Most of particulate matter loading is drained out from ground surface of a river basin
by surface runoff almost during stormy weather days. A most important factor is the period of
preceding dry weather day for the deposit in urban areas. In river bed many particulate matters
settle during dry and stormy weather days and are washed out in flooding periods. To estimate
the share of sources of runoff particulate matters during a Storm event, the approach using the
runoff load of attached algae in a river bed is proposed as an example for an urban river. Most of
dissolved matter is drained out from surface soil layer by subsurface and groundwater runofis
during both periods of dry and stormy weather days. Nitrate, sulfate and sitica show the lag phe-
nomena of runoif and incresing concentration by subsurface runoff during direct runoff of a storm

duing to thg storage of these anions in surface soil layer. Especialty the behaviors of these three
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anions in various land-use type areas differ from one another. However, the regression equations
which are proposed by the author could be used to estimate to amounts of runcff loadings during

storm runoff and hase runoff.
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Table1 Comparison between storm runoff loading and dry-weather day loading
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Estimation on Change of Pollutant Loading during Flowing down in Rivers

HEERE—!

Senich EBIsE!

B B

F DA T ORERBIC AT, B BECKECREECH ) MHATEELFR
HNB, SR SO OSSR T & S| & BERARICELT, ETR&THEH
WHEIZE > THFICE Y RHAREELE, SA-OEROCEHATHEELE, SAEHOER
ATFEIERA, FTRR S L R AR AR R S E Ui, TOBR, WTicHIH
HAFRROBA L, MAARROKE S, HREEBLHETRN, HESORENEro/,
BOD % COD O EMISEOR s iz s, SS WiEIKE (MREEROELG/hE g
BEHAKETORIEIEEAERSNED -, BEMKBROBUKEDFNTHETRFELE L.
RS LD Chl-a ORI BIEAEZVREZETHE 17, ARBEERSO POCY POND
WL LH e THT, T, PO PESESFORTILES KEREOELE—HOHE
ERCUIEZRsALY, FONoEFEDEORBAFRORLIER o1,

Absiract

During flowing down in rivers the particulate and dissolved matter loadings change by
various causes without influx and exflux. With the results of many diurnal loading observations,
daily loading observations and weekly observations in an urban river and an irrigation cannal,
the amount of the loading changes was influenced mainly by input load level to river, londitu-
dinal shape of river bed and water current. In the irrigation cannal where water current is
greater, the amount of S5 loading didn’t decrease during flowing down. But, in the urban riv-
er whete the input load level to river is higher, S5 loading decreased in large quantities by
sedimentation. From mass balances in flowing down reach, the Joading of organic matter sure-
ly decreases for about two hours of detention time. The changes of water quality component
is shown as the phenomena of organic component to inorganic component by discomposition,
ammonium salts to nitrate by nitrtion, and phasphorus to particulate component by adsorption.
The amount of Chl-¢ loading due to suspended algae decreased by sedimentation and discom-

position.

1. ESAEHRR KELSIBES TI05 RRISYEES AN /NF)I 165 2
Water and Soil Environment Division, the National Institute for Environmental Studies. Yatabe-machi,
Tsukuba, [baraki 305, Japan.
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THRTX2ELEDEENIKE SRR L2 BRAT A S5, ZOARRECKEREORL
SWACEUES O FEE ok HE 2 HERH T 5, 486, R1CAEKEREE 20594

HEERT,
1 fEAREIAE LT ER
1 Water quality indicators and their analytical method
Item Method

Flow propeller-typed current meter
NHa*-N phenol-hypochlorite method
NO2~-N N-1-Naphthylethylenediamine-sulfanilamide method
NOs™-N reduction with hydrazine suliate and phenoldisuliate acid methdd
T-N, DTN nitrificaticn by oxidation with potassiumperoxodisulfate

and method for NO3™-N
POs4~-P molybdate-blue method
T-P, DTP decomposition to PO#™-P with potassiumperoxodisulfate and

methed for PO~ -P
cl- mercuric thiocyanate method
T-COn, D-COD alkali-potassivmpermanganate method
SS glassfiber filter method
Inorg-N NHst-N+NQOz -N+NQa~-N
Org-N T-N—Inorg-N
Org-P T-P—POS-P
P-COD T-COD—-D-CCD
PTN T-N—DTN
PTP T-P—DTP
POC, PON CHN corder
Na, K flame photometer
DO, BODs Winkler method
Chl-a UNESCO/SCOR method
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Fig.1 Observation points in R. Sanno
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Table 2 Change of pollutant loadmg during flowing downin R. Sanno

[ i B’ (—N No:—-N Nos~N Inorg-N Org-N T-N DTN PTN PO} -P
mawn  waen | B 8NN TSY W) Y MBS @ s oer v
. ©] 376 41.6 i3l 54.0 109.5 6B.3 171.7 {154) (38) 186
5 8 & %
405 37.3 124 514 101.2 53.3 154.6 (138) (18) 131
@ 36.6 35.7 10.6 368 825 83.6 166.1 (143) {30) 21.8
A A B i
@ 405 373 9.2 537 103.4 49.9 153.4 {158) 123} 20.4
e DIP  OQg—P TP DTP  PTP ar- 88 T-COD D-COD P-COD
AaEE O WA g (g/a) Ceal  (e/d) Oedd) (e/Ad) (ke/dY Ggdd) (erd)  uesdd
@ 210 18.1 388 (25.5) {13.2) 1,045 1,280 469 - -
W oA | )
® 143 1.1 251 (163) (9.2) 1003 1009 359 - -
] ® 224 128 33 (185  (102) 1,134 920 378 228 155
UK EASE
@ 211 92 303 (17.0) (98)  LI67 672 226 227 99
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Fig.2 Observation points in Tsuchiura Irrigation Channel
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Table3 Change of pollutant concentration during flowing down in Tsuchiura Irrigation Channel

(B 1 mg/l)
k ® B®H H rHoR b E A TR B mTeSEHE
tH - dER—FH bR TFH
NO,*-N 0.116 0130 0.120 0014 < — 0010 0.004
NOp™-N 0.033 0.033 0034 0.0 0.001 0.001
NOs;~-N 0.584 0613 0631 0.029 0.018 0.047
Inorg-N 0.732 0.776 0.786 0.044 0.010 0.054
Org-N . 0990 1.020 1.031 0.030 0.011 0.041
T-N 1.722 1.797 1817 0.075 0.020 0.095
DTN 0.940 0.931 0.949 - 0.009 0.018 0,009
PTN 0.782 0.865 0.868 0.083 0.003 0.086
PO -P 0.025 0031 0.031 0,006 0.0 0.008
Org-P 0.165 0.191 0.181 0.026 - 0010 0016
T-P 0.190 0221 0212 0.631 - 0009 0.022
DTP 0.052 0.036 0.034 - 0016 ~ 0002 - 0.018
PTP 0.138 0.186 0.178 0.048  — 0008 0.040
c1- 28.1 27.9 279 - 02 0.0 - 02
SS 42.1 433 423 1.1 - 10 01
Si0, 14.3 144 142 0.1 - 02 - 01
T-Si0, o2l 214 21.1 0.3 - 03 0.0
D-5i0, 14.4 145 145 0.1 00 01
P-Si0; 88 6.9 6.6 0.1 - 03 - 02
S0, 31.3 314 311 0.1 - 03 - 02
Ca 148 148 15.5 0.0 07 0.7
Mg 7.8 79 77 01 - 02 - 01
Na 15.2 15.0 154 - 02 0.4 0.2
X a7 47 4.7 0.0 0.0 00
Chl-a 0.976 0.947 0.868 - 0029 - 0079 - 0107
T-COD 8.92 2.60 8.42 - 032 - 013 - 050
D-COD 510 5.35 5.25 0.25 - 010 015
P-COD 382 3.26 317 ~ 0.56 ~ 009 —~ 065
POC 497 4.79 459 - 018 - 020 - 038
PON 1.03 0.96 0.94 - 007 - 002 - 0.09
BOD 423 — 3.83 — - - 040
Do 8.22 - 6.90 - — - 132
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% 4 ETCHEYKEAFREL (CEHMRK)
Table4 Change of pollutant loading during flowing down in Tsuchiura Irrigation Channel

(Bifr : B/ sec)
1983 & 1985 4F 24 B M & 1984 H B A &
*EAB hifi—F#  LH—hi oHE-—TFH LEE—TH BNl PH--TH LR TR
NO,™-N 0.007 0018  — 0010 0.001 - 0030 -~ 1381 — 2991
NOp™-N 0.001 0.001 0.001 0.0 0.604 0.633 0.250
NO; ™ -N 0.058 0.036 0.018 0.019 0.051 3541 2.623
Inorg-N 0.065 0.056 0.010 0.021 0.025 2792 — 0.118
Org-N - 0.009 0.031 00tz — 0.00% 0016 - 2144 — 6662
T-N 0.056 0.086 0.023 0015 0.041 0.648 — B.780
DTN 0096 — 0009 0018 — 0042 - 0018 1833 - 3330
PTN - 0041 0.096 0.004 0.058 0059 - 118 - 4450
PO, -P - 0.002 0.006 0.0 0.004 0003 - 0001 - 0.001
Org-P 0.020 0032 — 0011 0.011 0.026 0.006 — 0025
T-P 0.018 0.038 - 0011 0.015 0.029 0.007 - 0026
DTP - 0014 - 0018 — 0002 - 0024 0.004 - 0001 - 0003
PTP 0.032 0057 - 0.008 0.039 0.025 -~ 0007 — 0023
Cl™ 0.2 - 03 0.0 - 18 0.5 - 07 - 71
58 2.3 15 2.5 - 21 - 23 - 39 — 128
810 - 04 0.1 - 02 - 09 0.0 05 - 18
T-Si0; - 0.4 - 03 - 11 - 02 1.9 - 18
D-Si0;, - 0.2 0.0 - 08 - 01 08 - 18
P-Si0, — 0.2 - 03 - 05 - 01 05 - o1
50,2 - 18 08 0.0 - 16 0.5 0.2 - 47
Ca 14 0.0 09 0.0 03 01 - 30
Mg 0.2 0.1 - 02 - 05 0.1 .1 - 14
Na 0.3 - 02 0.4 - 05 0.2 - 08 4.9
K 0.0 0.0 0.0 - 03 0.0 0.1 - 10
Chl-a — 0001 - 0003 — 0009 — 0017 - 0004 - 0007 - 002§
T-COD - 020 - 040 - 020 - 104 0.21 028 — 134
D-COD - 014 0.28 - 006 — 009 - 023 - 0M - 143
P-COD - 007 - 067 - 012 - 085 .44 0.33 0.09
POC - 0065 — 0215 - 0221 ~ 067¢ — 0469 — 0240 — 1695
PON - 0003 - 008 — 0017 - 0147 — 0088 -— 0256 ~— 0344
BOD - - - - 070 — - -
DO — - — - 189 - - -
B @ B 0983nmr/sec 1,213mP/sec  1.162n/ sec — 11645/ sec  0.989m?/sec -
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