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Environmental Characteristics of inflow Rivers and Their Influence to the
Water Quality in Matoya Bay, Central Japan

Tadashi Imat and Akito KAWAMURA

Water quality (salinity, water temperature, and concentrations of chlorophyll @, NO;-N, NO,-N, PO,-P-and SiO,-Si) was
investigated from July 1996 to September 1997 to clarify environmental characteristics of inflow rivers and the influ-
ence of river discharge to the sea water quality in Matoya Bay. The geographical characteristics such as distribution of
landform, surface geological feature, surface soil and vegetation in the basin of main inflow rivers (Nogawa, Kamiji and
Tkeda Rivers) were also surveyed by documents. Both Nogawa and Ikeda Rivers showed similar concentrations and sea-
sonal variations in NO,-N and PO,-P. In this reason, two things were suggested; 1) Nogawa and lkeda Rivers showed
strong similarity in geographical characteristics except vegetation, and 2) Kamiji River receives considerable artificial
influence due to controlled low-flow rate at the upstream dam. Kamiji River contributed little to the nutrient enrichment
(excluding NO,-N) in the bay, although the concentrations of NO,-N and PO,-P in Kamiji River were the highest
among the three rivers. Comparing flow-weighted averages of nutrient concentrations of the three rivers with those of
the surface water in the bay, NO;-N and SiO,-Si in the rivers were always higher than those in the bay while NO,-N and
PO,-P in the rivers were sometimes lower. The concentrations of NO;-N and SiO,-Si in the bay were strongly correlated
with the load quantity from the rivers while NO,-N and PO,-P did not show high correlation coefficients. Considering
from mixing diagram, it was suggested that NO,-N and SiO,-Si in the bay were strongly influenced by the river dis-
charge. On the other hand, NO,-N and PO,-P were added from the bottom sediment in the bay through regeneration. It
was concluded that both NO,-N and Si0,-Si in the bay were strongly loaded from Nogawa and Ikeda Rivers that receive
little artificial influence.

Key words: Matoya Bay, river discharge, nutrients, geographical characteristics, artificial influence, regeneration
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Figure 1. Study area and location of sampling stations in three inflow rivers (Nogawa, Kamiji and Ikeda Rivers) and
Matoya Bay. Yamada and Jizo Rivers are tributaries of Nogawa and Ikeda Rivers respectively. The generic name
for Nogawa, Kamiji and Ikeda Rivers is Isobe River. Circle with dot indicates sampling station.
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Figure 2. Relationships between flow rate and Antecedent Pre-

cipitation Index (API) in the three inflow rivers. Flow rates
were based on the data supplied from the Mie Prefectural In-
stitute of Public Health and Environmental Science. APT was
calculated from the precipitation observed at Ago Precipita-
tion Observatory. Closed circle indicates excluded data in
simple regression analysis.
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Figure 3. Geographical characteristics of drainage areas (1

and vegetation (d)) in Nogawa, Kamiji and Tkeda Rivers
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Figure 4. Time-series variations of physicochemical parameters (flow rate, water temperature, chlorophyll a, nitrate,
nitrite, phosphate and silicate) in the three inflow rivers. Flow rates were estimated from the regression models in
Fig. 2

Table 1. Averages and standard deviations of physicochemical
parameters in the three inflow rivers (average =standard devi-

ation).
Nogawa R. Kamiji R. Ikeda R.
Flow rate (m’-s™) 049+ 0.44 0.09+ 0.07 072+ 0.62
W.T. ('C) 1839+ 6.62 1961+ 642 18.79% 7.07
Chla (ugT™h) 262+ 3.92 521+ 6.21 2.07+ 3.55
NO;-N (1 M) 25.84+11.65 50.30+33.51 36.88+13.06
NO;-N (M) 0.02+ 0.12 0.99+ 1.07 0.48+ 0.52
PO,-P (M) 0.61+ 0.35 346+ 256 0.74+ 0.84
Si0,-Si (4 M) 114.24£45.00 109.01 £42.96 107.77 + 38.30
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Figure 5. Time-series variations of the load quantities of

chlorophyll @ and nutrients (nitrate, nitrite, phosphate and sil-
icate) to Matoya Bay by the three inflow rivers.
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Figure 7. Time-series horizontal distributions of salinity and nutrients at surface waters in Matoya Bay. Shaded por-

tion indicates high salinity and high nutrients.
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SiO,-SHERIAHIZIZIZL A G E NS (BEIZ,, 1992),
AREENZ k> TE B hanZ 25 (IR, 1983),

EARBOWE R LG RORM LR T ORI EVE
. LLaHs, Sio,-Siid3mil& $IcEPlL -RE %
AN L (Table 1), ZEMIZEE)E M) T4 - Tz (Fig. 4).
EF (1998) (3, FEEHL T O A B D Si0,-Si AV HEE 12
£a1“b&wﬁmkbf — MRy A HH O Si0,-Si i
BHLIZS W L, SIOSIDEREFEGICL>TK
%#am_aéiwfué.AM%&_hufé,&Q&
23 B SRHBBRERIE OB 2 I U 2 W O IO B p A3 £
Ehb.
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Table 2. Result of Spearman’s rank correlation analysis be-
tween load quantity from Isobe River and concentration of
nutrients in Matoya Bay. The load quantities of nutrients in
Isobe River are the total of the three inflow rivers. Shaded
portion indicates significant (»<<0.05).

St.A

StB  St.C

40m 0.12 031

Table 3.

3. BEROXREBRE~NOZE

NO;-N & Si0,-SilZEN L D &M THIZERE LR L
(Fig. 7), BERETI» o 0BHRE L BOHBEZED O
7= (Table 2). F7=, BN THRENEZEEETRTI L,
(Fig. 8), MRIBIZH T 5 NO,-N & Si0,-Sild i AR D §
BEBZITOB LWL, BT, BEEIIONO-NIEHE
BOWMELBITEBREIIEBRDTHSEIEH 5 (Fig.
6), BANOHEEIRENWEELZLENE, —F, NO,N&
PO,-PIZII 2 & DEFTE & OB 2FE® 5117 (Table
2), BT, & D QBN TEREZTRLE (Fig. 7). &6
12, NO,-N & PO,-PIRIEEE A 5 DO NIEH 2D 5h
(Fig. 8), IATEBEREVMET T3 EEORE CHREZRT
Zenb (FHIE,, 1999), AT &R ICEER
SO RELFH L TR EEAIOh S, &7,
NO,NIZHEDHIME & S ITKIREIZAZRITHD
(Fig. 6), E2.0mELIX TS & EOMEBIBEGRERT I L
26 (Fig. 8), WIIKDFAIZIEEE D NO,N #{KREIZ
FERT2MRE D5 L AREX N,

PEDZ Ems, MREIZHT 5 NO,SN & Si0,-SiD i
& & BEEENI ARAIRE AN S OB & E o
B ZITTWE A, NO,N & POPIZREY T T » o
b IZ R BIHERBER TOBE L Vo WIS OE
ERECHEELTOWBZENRE N, LrLENS,
KIFREEA2BREOBAFRETS 2720, ERERIC
B B OARERESEAEHICIBEL THWi 30 ih
W, F e, ABNEBAERE T 5 NO,N (S, 1989) A

Estimated and actual load quantities, and dilution rates in the three inflow rivers. The estimated load quan-

tity of Total-N and Total-P were supplied from the Mie Prefectural Institute of Public Health and Environmental
Science. The actual load quantity of nitrate plus nitrite and phosphate were calculated in this study. Parenthesis in-
dicates relative load quantity. Dilution rate was defined as a flow rate (m*- s™") per actual load quantity (kg - d™").

For flow rate see Table 1.

Estimated load quantity (kg-d"") Total Actual load
estimated
load " Actual load  quantity per
residential o:r d?':?:altz quantity total Dilution rate
paddy orchard land " forest population  Total P area & (kg-d™hH estimated
(ke- d"'km'z) load quantity
. 2.92 4.66 1.10 13.27 3.52 25.47
Nitr N . . 14.5 : 0.03
irogen ogawaR sy (183)  @3)  (s21)  (138)  (100) 1.24 8 0.57
1.09 345 0.40 8.26 3.83 17.03
K . . 2.4 14 0.04
iR 64 @03 @3 @85 (25  (100) .53 4 0
8.32 11.54 1.98 14.49 5.68 42.01
Ikeda R. ' . . . 0.03
eaa (19.8) (275 (47 (345 (135  (100) 1.69 25.66 0.61
0.16 0.06 0.04 133 0.96 2.55
Phospho! N R. ) 12 X 32 0.60
phorus - Nogawa (6.3) (2.4) (16  (522) (37.6)  (100) 0.1 082 03
0.06 0.05 0.01 0.83 1.04 1.99
Kamiji R. . . . 0.21
iyt (3.0) (@.5) (0.5) 417y (523)  (100) 0.18 043 022
0.4 0.15 0.07 145 1.55 3.66
Ikeda R. .
(120) @1 (19)  (39.6)  (423)  (100) 015 165 045 044
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Figure 8. Mixing diagrams of nutrients in Isobe River and Matoya Bay. Salinity and concentration of nutrients in the
bay are average of all data during the study period. The data for Isobe River is flow-weighted average of the three

inflow rivers.
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