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Abstract

This is the final report of the research on *Comprehensive Studies on Effective Use of
Natural Ecosystems for Water Quality Management” which had been conducted from 1983 to
1986. The purpose of this research is the higher utilization of natural ecosystems such as
pond, stream, aquatic plant zone, wet land, soils, ets. in order to improve the water quality
of river and lake. In contrast with hard strategies like sewage treatment, the target of this
tesearch was focused on the effective use of natural function in consideration of not only
energy saving but sustaining sound environment. About fifty researchers.in our institute and
another fifty guest researchers from universities and other institutes joined this project, and

the following results were obtained;

1. Forested area, which forms 60 percent of area of Japan Island, is generally known
as a contributor of water quality purification, but its quantitative workability had been
vague. The field survey for twe years at a test basin of Mt. Tsukuba was performed, but
the results did not show the expected value of purification for nitrate because Kante lorm

has special characterristics t¢ hold much nitrogen but to release it out easily by rainfall.

2 . The channel near river mouth is a special region that inorganic nutrients tend to be
changeable to orgenic and suspended matters. According to the observation at river mouths
of Lake Kasumigaura and Lake Teganuma, various matters are trapped there and this fact
was reconfirmed by the experiments considering of retention time in waters. These will be

useful date to design a lagoon as a purifier in nature.

3. Small stream channels as easily seen around our lives in the rural district should net
be ignored to be a system of natural purification, though it is not enough efficient. We had
some model tests, however, to. raise the treatment efficiency of BOD by inserting contact
materials in the stream. Seils, which compose a complex ecosystem, are also one of media to
be expected as a sustainable treatment methed, but it tends to cause such a trouble as

filling up the pore of soils with something like sludge.




4 . Lake Kasumigaura, which is a highly eutrophied lake we degignate as a field model,
has a special trouble that the inflow of much nutients has been received because 70 percent
of people in the basin live in the rural district where the sewerage system is not adaptable.
The wide use of small scale treatment for domestic wastewater, especially for gray water, is
ane of strong strategies, but cutting off the nutrients loads is not always depending on
technological solution. In our research project, the adaptability of experts system in the rural
district, as a knowhow engineering method, was discussed to develop a new treatment

system in consideration of local characteristics.

5 . Limnological field survey of Lake Kasumigaura had been persued for these ten
years. Transparency at the center of the lake in winter season for recent two years was
regarded as increasing gradually. Accompanied with this variation, zooplankton and other
biomass deeply related to the circulation system of lake showed slight variation, too. As the
lake ecosystem is originally complex, we can say no more in scientific view for these
temporary changes but feel the necessity te continue this field survey. The Water
Conveyance Work, one of the big development projects of the Kasumigaura, is progressing
now. It is necessary to do the fieid survey also from the viewpoint of inspection of the

influence on lake environment due to these projects.
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(EYE) NEER - BERE - PERE

W - JimEm s -7, FHEOHEBELRET s R KECES b e R
&, BrorHARABEORENLOFRANEERE:, FESLKROKTAR BT 2 KEE
{LOEROFHRET -1z,

(1) HFHEOKNE L HERE

WELLR 67.5ha OBMMBLEBL, AR - AW - LEX - HTK - BRKOKE
EARBOEMERNAERE LT 1985%F 4 B~19864£3H (Case 1) , 19864 4 § ~198T4 3 H
(Case 2) DA EGEENZTHFEN- 30LHKBEHEMT UL, Casel, 2OWMAXLET D
T, FBokEhk 1560m 3048, WHET T60m MEFFWR LA LESC, HERDS 8 %L
9% & xkZichotn, HERFZRZ, F~DATL LTOBTFOBREDE{ 2GEABRDOH N
HLTEPTHERED >, ERBERIBKEE ESHEMERZS D, £OWRRI M,-N
50%, NO,-N 1%, NO,-N 49% TH - . BFiKE LTOHHOFHELIZEBEERCOWTO
LZEBLAD, EACBELAHRELIA L, 0 BXIE NO,-N CTh-7. MEHATRE L2
BELEERIATE D, RROSVEACEGERY T L, W& LT2, PO -PRAS X
DHIAVNEL, BBBERLDMTIe o7, Si0z, Na, K, Mg, Cal2BE, AWEL LM
HRALL-Two, ¥k, BRBER I ZEMFRAFRELTIZ, N21, P 2, K13, Ca30, M
6kgha 'y ' EOEREE L STV D, ThETORIBANSDOANTRIEY T, HiHkLE
PHORMBLELLRD,

@) BKOBEFHE DML

19844E 9 A2 SHAPHFHRBRBNIT BT, BRI LBRERX~OKBEHCH 5> BFNEHOBEER
EEEH L, BT & BN L 4 EORTHHRHNE L 9 KEREOSIE{LCBTIRH
O AR shE L, BRKOKERE TR, N0.-N AEMCEEE, £FEEREOEL
AL, R LEHELET L, (loXKBHERRFEHELOBETEOhih 1,
ERERHEORRAOKEBET(LE, Ril- 20 X5 KsRcBEMIcBERS LT, K
BERMCEERNTAS, BEATECREBRRITORE V< cEETH5E (2471)
Y, AR EELHE (24 7 1) Wb, ol $037 LPOIT-P BEBL LA A LE
LeHofc, MEATREL REAQ CIEIA,FEEFERAL ThIE, —o0ORWEERHK
ST OERINFHAGRZARD X SR ERNREKEOME, ZL/Q=a.(Z0/A)" & LTH
BT&s, ZOC, a,XEETHD, bit 1.0 Wl ELTD,




& 0-3 HEHFERRBREoKRNE EHENE
NHI-N  NOz-N  NO3-N Inorg-N PO}~-P 5i02 ClI=  $0i~  Na* K* Mg®*  Ca®* i SC
Apr.1985-Mar. 1986
Yater amount (mm) 1576.5
Input Mean cenc. (mg-i™') 0.38¢ 0.007 0.310 0.706 0.015 0.177  1.66 1.47 0.63¢ 0.271 0.195 0.314 5.1 14.9
Loading{kg-ha™'-y~'} 6.13 0.113 4.8%5 11.13 9.241 2,719 26.2  23.2 10.0 4,28  3.08 4.93
Yater amount (mm) 733.7 -
Output Mean conc. (mg-i~') 0.037 0.003 1.67 1.7l 0.010 21.1 579 3,76 5.89 1.0l 3,59 1.6T 7.0 73.2
Loading(kg-ha='-y~"} 0.270 0.025 12.22 12.51 0.076 154.7 42.5 21.6 43.2 7.40 26.3 12.3
Budget(kg-ha='-y~') 5.8 0.088 -7.33 -1.38 0.188 -151.9 -16.2 -4.40-33.2 -3.11 -23.2 -7.}4
Apr.1986-Mar. 1087
Vater amount (mm) 1552.5 .
Input Mean conc. (mg-i™Y) 0.254 0.004 0.355 0.653 0.008 0.174 1,70 1.50 0.860 0.313 0.223 0.586 5.0 14.6
Loading(kg-ha~'-y~!) 4,56 0,067 &5.51 10.14 0.116 2.70  26.21 22.7 10.2 4.87  3.46 9.09
¥eter amount (um) T11.4
Qutput Mean conc. (mg-i~') 0.034 0.003 1.77 1.804 0.007 21.7 5.83 3,38 5.50 0.788 3.80 1.66 6.7 744
Leading(kg-ha™'-y~1) 0.239 0.023 12.57 12.84 0.047 154.3 41.5 24.0  39.1 5.60 25.6 11.8
Budget (kg-ha™'-y™1) 4,33 0.045 -7.06 -2.69 0.070 -15i.6 -15.2  ~1.30 -28.9 -0.74 -22.1 -2.70
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R TR HH g oD b RO HE B - R MR TS € D LB kT % & 2, BRATE TOLBADR
KLk b, 247 OREXRETMCREN—1RD:, LBEBTHIELIHM, 2471 OHE
REBERBCAhBEREFCERIATVWAI LR TEL, 3B, BK - HKRW - 15
K HTK - BRR~LSBERAOKBEICH SHBEREELIEL- 30X 51icsd. Zhik

Si0a umg 1M SC (psemt) CI” imgth Na* (mg 1™}
Type I o 10 20 9 50 100 9 25 50 g 25 5:)
Rainfall ] — 1
Throughtall (Groundsurfacey [ . ] ] -
10 ] ] ) ]
Sollwater {s0cm ] ] ] ]
75em _] | ] ]
Groundwater ] ] ] j|
Streamwater i ] ] ]
Type I , NO;? ™ 0 K;,s(mg " o Ca:‘mg "o o Mg r‘;.o
Rainfali I ' ' ] l 1 I I 1] ' !
Throughfail _]_L(;mundsurface) S | ] - 1
100m ] ] ] ]
Scilwater [Socn | ] 1 1] ]
7scm| ) ] 1 ]
Groundwater | ] ] i ]
Streamwater [ (1 ] ]

R W-3 XBEWHSHEREOEL

Case 2DEHMETHEN, 2471 & 1 0OHEOLBEBRBHTOLHOR VG- OEEN I BTV
B,

(3) EBA A+ v O AT BB &%
BROBEHRB(LOERE LT NP 3RLBEETHLH, oSS+ vORBEL ¥ BET
5, BT, BHHA~OREBSOABRRAC IS TEB~OLEHNVME, ASFRCLDBKRE
LTOARROHNPBERIZ X 2+ BR~OBEABS I, AITOESE + Vil
ANRERNYHEEL, TOMBAOTMFIRABEE OHBEBTYTS L LbIT, TOEFREAT
ELTORMBBREE s DREC L DBIHIT LA, Auvies -2 10 A2 CEE 1
ERT I FHOMBANERERRTH S, FHERS + v ORHATRREM 2T LR
Ii- 4ioms, SRMNCERFTROEALTEHEN/TRLALOFEQLKHATREAR
P, N0, BSOS WEIITHEL, TEEANTHHEVHERDD, HBAOLBFIR
FREL B 4 v OMBESH Tix, ARMLHEY RT3 KEHEHB ¢k, RO- 502 Sicw




® -4 J\ls v OFHBEL EHKHANGE

de U nmeng Daser)y D g0 [ resnl s | wsgm | 2esgn Tz BRI
coD FHRE (ng-17°) 4.3 4.3 8.3 | 13.0 57 | 18.7 9.1 5.2 8.8 8.1
HMH AR Gkn?-y') 1.33) 1.54} 3.94f 4.92| 4.39| 6.87] 21.41| 2.45} 10.58| 5.48
NH.—N PHRE (ng- 1Y) 0.407 0.22)! 1.08] 1.69| 0.48| 3.47| 0.52] o0.48] 1.00f 2.79
HHBARR (Cka -y ) 0.10) 0.07] 0.47| 0.64| 0.32| 1.45| 0.78| 0.22| 1.101 1.38
NO,—N HHRE (eg -0 0.081 0.10y 0.200 O0.20} 0.17f 0.40| o008 o0.07] 0.31] 0.7
HRHARER (t-kn=2-y") 0.02| 0.03[ o0.09( o0.09| 0.12| 0.16] o0.21| 0.03} 0.37| 0.42
NO,—N FHBE (ng-1") 1.46| 1.82} 2.43) 0.98| 2.75] o0.56] 0.58] 1.52] 1.181 237
AR (knt-y ) 0.47| 0.68| 0.60; 0.41| 1.84| 0.24| 0.33] 0.88| 1.51| 1.86
PO,—P PHBE (ng-{7") 0.04f G.05{ 0.16{ 0.31| 0.18] 0.64{ 0.06] 0.09| 0.35] 0.28
HREHARE (-ko2-y ") 0.00 ) 0.02] o0.07| ©0.12| D0.13| 0.26§ 0.03| 0.05| 0.33] ©0.14
ol FHRE g7 2008 ) 28.2 ) 0.5 | 296 | .3} 44.0 | 58.4 | 149 | 26.0 | 22.7
HEHARRE Q-ko 2y ") 6.2 9.1 | 13.7 | 12.6 | 23.0 | 18.0 | 78.7 6.7 | 205 | 15.2
K FHBRE (ng -7 6.2 6.8 9.2 9.7 9.4 | 150 | 18.7
HEMARE (ko 2-y') 1.9 2.2 4.2 4.5 7.0 6.3 | 28.9
Na FHEE (g ) 8.5 ] 109 | 14.4 | 14.4 | 148 | 26.0 | 41.9
HRHARR (ko ?y ") 3.0 3.4 6.5 6.5 | 10.8 | 10.5 | 53.1
Ca FHRE (g 1) 11.8 | 12.4 | 14.1 | 10.5 [ 19.3 | 14.7 | 12.5
HHHABR (ko ?-y?) 3.7 4.0 6.3 4.9 | 13.7 6.1 | 30.6
2iei | FIOBRE Gg-1IY 20.6 ) 22.1 | 23.8 | 18.8 | 32.8 | 26.1 | 24.9
17 |HRBATNE (ko 2y ") 59.2 7.2 | 10.5 8.0 | 23.1 { 10.7 | s4.9




* I-5 AL L AT ROBMRK

AODEE HEH M K B # O oK

coD 0.805 0.686 0.078 -0.677 -0.276  -0.74l
NH.—N 0.601 0.474 -0.082 -0.270  -0.230  -0.518
NO:—N 0.353 0.230 0.428  -0.49%5 0.193  -0.458
NO,—N -0.011 ¢.007 0.569  -0.606 0.284 -0.192
PO.—P 0.882 0.745 -0.0686 -0.647 -0.412 -0.736

CI 0.775 0.746 0.140 -0.794 -0.272  -0.831
Na 0.827 0.884  -0.479  -0.575 -0.756  -C.850

K 0.783 0.877 -0.395 -0.648 -0.708. -0.873
Ca 0.316 0.507 -0.004 -0.892 -0.337  -0.563

IO +v  -0.431  -0.385 -0.175 0.484 0.058 0.764

ThLAFHERLEEE: OHERE L, N0.-N MHhEEER - AEAEL, KIEREEL I
BOHEARB LAALSE o, ThALRSSIMFIAREN IZEA L EDDRETO
WL AMBRERR AT S,

B0 A VORBELAMBOSERLE, SECKELARECEBESN AR, KEOFE
RHEVRELEhighotc, EMMHROFAESS, MHEHMIYLTRERZSEIEI S
T, o TREHENERTRE A V5350, WThoB# 4 v BWNRHRCKEDT
AR A MEEENBLN Ll sTe, NO,-N 2 S08 OBA A VAR X 5K EEMET
BEERTHZFICRL, BAAvD K THHI- AL 5 CBEERTHZ EHHESH,
Ca, Mg BUf Na OBA A w20 THREROBE LARROhSBEFFELL.

4 HTEEBOKEELOER

MR COMBBRTCIZ, FRMEOSME, B - B, Mt - RESKEOHBELY
5 FHARBRELAD D, TAYEEMCEMT S 2 &RFIIOBBERLHRAROHAER
PHALMRZTAI LD, REMSOMHAFERTE M| OLTEOGRMERT
XA (2.85kn) L HOMHUADLEHAKOHFEZBEEMEHE (2.90kn) 24T,
LETHRRTOPBERIW L » THTEH I KEORELCATRELERN L, WEHTDOF -
248 | EERT 1 EM oK AR & KM | @TEM 4 BOR KR4 B EH AR R
BEOKRETH S, LHAKTOF — 21 1983~1986 FOFFHTRMOEALER L3
B KE24RRATRHAZ L | Dof dEkT 3AROEH AFEREORKRETHD. WF
fmzﬁﬁﬁmmTwﬁm,bf@tﬁ%ﬁ¢m5%1ﬁﬁﬁﬁ&am%##b%fTw-G
8~13%, T-P T 14~35%, T-COD T 14~23%, SS T 2I~2THDAMRIM D Lle ot WT
REDEIMSFBDBOSMCLEWI DY =4 MNE L, FREBYE L LTORK
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# 0-6 BFHOMER

BOD T—-COD P-COD D—-COD POC PON cl

1085 1086 1983 1985 1986 1983 1985 1986 1983 1985 1986 1983 1985 1086 1983 1985 1886 1983 1985 1986

FWE—FMA 0.91 0.78 — 0.94 0.99 — 0.83 0.77 — 1.05 1.01 — 0.92 0.91 — 0.91 ¢.87 — 0.8% 0.9
rys - 09— — — 0.96 0.8 — 0.8 0.1 — 0.8 1.09 — 0.6 091 — 0.93 0.2 — 0.99 0.5
s —TFHA 2 — . — 0.08 0.98 1.01 0.99 0.97 0.85 0.97 1.03 1.1l 0.97 0.96 0.8¢ 0.99 0.99 0.94 1.01 1.00 1.00

DOoC O—N O-—P Chl—a Ss Sio0, K

1985 1986 1083 1985 1986 1083 1085 1986 1983 1985 1986 1983 1085 1986 1983 1986 1986 1983 1985 1986

WS- TFHA 0.85 0867 — 1.04 073 — 1.10 0.84 — Q.89 0.87T — 0.96 077 — 099 0.92 — 1.00 1.05
E¥si—chiftss 0.90 0.67 2 — 1.03 0.80 — 1.16 0.97 — 0.97 0.8 — 1.03 1.00 — 1.01 1l.00 — 1.00 1.00
Wy s— FHA 0.95 0.99 0.89 1.01 ©.92 1.21 0.95 0.87 — 0.92 0.89 1.16 0.57 0.75 0,98 0.99 0.99 1.00 L.00 1.05

= 0-7 SFEHOBIBELEERE (d")
BOD T—COD P—-COD POC PON DoC O-N 0—-P

1985 1986 1983 1985 1986 1983 1985 1086 1983 1985 1986 1DE3 1985 1986 1985 1986 1983 1986 1985 1986

LS —THA 0.83 1.8 29— 0.48 004 — 1.5 2.01 — 0.66 1.87 — ©.75 1.10 1.38 3.40 — 2.43 X L1.07
RS- — — — 0.76 0.45 — 3.31 200 — 0.77 1.4 — 1.47 1.73 2.26 8.22 — 4.7 X (.71
RRA—TFHA 9 — — 0.28 0.29 x 0.11 0,39 2.02 0.35 0.59 1.51 0.13 0.26 0.72 0.7% 0.17 0.89 1.02 0.03 1.7l
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a) Anaerobic filter

Recireulation ratio

Iteas B-R O—1 R—2 R—4
TQOC (mg-i~1) 8.3 8.5 6.5 4.4
TN @g-i) 195 125 88  T.0
NH.—N (me-t-) 172 1.5 T.6 3.7
NOu:—N 0.2 0.1 0.3 1.9
ORP (mV) Above =282 -262 ~-122 - 60

Miboie ~253 =220 -112 - 30

Bottom -249 -192 ~111 - 40
DO (mg+i™") 0 0 0 0
pH 7.3 7.3 7.2 7.2

b) Aerobic filter

Recirculation ratio

Itens R-0 R—1 R—2 R—4

BOD (e i™") 8.3 6.5 6.6 5.6
con (pg-1~*) 7.6 8.9 6.9 7.2
TOC (mg-i~") 4.0 3.6 3.2 3.0
T—N (mg ™" 17.2 11.3 8.0 6.9
NH.,—N (mg+1"') 0.6 0.1 0.4 0.3
NO=+;—N (mg-l") 167 11.2 76 6.6
VFA (mg-{"") 12.5 11.0 12.1 13.0
Alkalinity (mg-{"") 2 14 19 23

ORP (mg-i™')  +118  +100  +105  +109

DO (mg-I™") 6.4 8.5 7.0 6.6
pH 6.3 6.9 7.0 7.3
Trans. Cem) 100 100 100 100

SS (mg-{"') 2.0 1.2 1.0 1.4
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