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Fig. 1. Map showing regions in the Seto Inland Sea (after The Association
for Environmental Conservation of the Seto Inland Sea, 1995).
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Table 1. Total nitrogen to total phosphorus ratio in the riverine water discharged into each region of
the Seto Inland Sea.

Month  Osaka Bay HI\?:{?: Bisan Seto If\;z;‘:x I;:g: Aki Nada le}(;s:;ma Iyo Nada Suo Nada
Apr,, 1990 30 ND ND ND 33 29 26 26 39
May 33 ND ND ND 31 28 26 27 32
June 21 ND ND ND 24 34 26 27 35
July 17 ND ND ND 22 28 22 28 43
Aug. 13 ND ND ND 15 22 30 20 37
Sept. 14 ND ND ND 19 34 28 19 46
Oct. 20 ND ND ND 35 48 26 22 53
Nov. 30 ND ND ND 40 54 27 22 42
Dec. 31 ND ND ND 40 72 27 25 47
Jan.,, 1991 31 ND ND ND 32 59 26 28 49
Feb. 27 ND ND ND 34 59 25 30 55
Mar, 26 ND ND ND 38 44 26 44 63
Apr. 25 23 34 125 43 53 27 33 50
May 24 22 26 114 33 58 29 26 40
June 21 18 25 103 27 63 30 33 38
July 21 18 24 102 30 37 30 34 48
Aug. 16 22 18 174 18 13 31 27 38
Sept. 18 27 18 92 20 29 26 23 46
Oct. 19 35 27 84 28 59 23 26 52
Nov. 21 31 27 109 34 62 21 25 51
Dec. 25 30 29 122 37 51 18 24 54
Jan., 1992 29 32 44 94 41 37 17 28 52
Feb. 29 47 34 107 44 37 18 35 64
Mar. 27 27 40 82 47 64 20 61 63
Apr. 24 29 36 63 43 67 25 30 42
May 22 44 30 56 30 77 29 35 36
June 22 28 21 85 27 51 30 24 34
July 22 32 21 57 26 45 32 25 41
Aug. 20 43 21 48 12 47 35 24 40
Sept. 21 30 26 43 22 68 38 23 42
Oct. 23 49 32 41 30 58 35 24 46
Nov. 26 46 32 45 29 46 31 27 48
Dec. 26 50 45 72 32 49 28 28 47
Jan., 1993 27 46 57 133 45 51 25 24 47
Feb. 27 38 46 116 34 50 24 24 47
Mar. 27 30 39 152 34 52 24 24 48
Average 24 33 31 92 31 48 27 28 46

ND, no data
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Fig. 2. Seasonal variations in fresh water, total nitrogen (TN) and total phosphorus (TP) discharged
through rivers into each region of the Seto Inland Sea. Percentage of dissolved inorganic
nitrogen (DIN) in the total nitrogen was also shown. Percentages of various forms of nitrogen
are also shown for Bingo Nada.
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Fig. 3. Loading characteristics of total nitrogen (TN) and total phosphorus (TP) in relation to fresh
water input in different regions of the Seto Inland Sea.

DIN AfioZE: TN ATROEIER LFEE L, DIN/TN AMRIETS67Y% (Rif44~100%)
LR o, Fio, DIN/TN ARG O R G - 7,

BB IR B RK AR R R e in U, 19904 5 A il 0.46x10°m®, 199146 A
i 0.52x10°m? b o (Fig. 28), 19924F 8 Ak 0.86x109m3 ¢, 19904F3 L ON19914E0 & — 27 i fx
TRED T, TN, TP AW 19924 8 A SHEMOBEMER L, +hFh 1288 tonN month-1, 87
tonP month~! ThH -7,

DIN AR OB TN SO TR & B LTV 72, DIN/TN AR TFEHT70% (RiBH48~00
%) T, FEHWILEBIORBEECH - T,

IR B3 5 REINOF S, BRRARE CIS0%BE TH-7oh%, TN AMECi50~70%, TP £
FHECTUR60~909 % i, KEINOTIIKENRBEOEIRe b2 5 PENRAE VT A RR LT,

FTE PTFEA~OBKATRILI9914E 6 J ek 1.0x109m? %584 Lz (Fig. 2h), TN, TP &1
BOLERIHKATTR OB & HA»—FK LT,

JEBEE BT B BOR AT, 1990~1991ERX P BB &, B~%iadin, 3AmD 7 Heh



BT A IAR & AR, SRS LT Y vOAN 89

Bisan Seto Hiuchi Nada
1.5 0.5
V= 2.97x9-927 Y= 0.162x1-13
e r=0.965 = 0.938
= o o 0.4
] £
s = o
£ 1.0 o o
o E g.3-
[l " o
o c
© gt
o O ) 0
* 2 o0.27
=~ 0.5 4 x
=
- ] =
[ = 0.1 ﬂg )
0 T T 0 T T T T
1.5 8 O
y = 0.0084x117¢ y = 0.0458x0-920
r=0.930 r= 0799
E — 6 o
= i
o 1.0 £
=] = a
c )
O g 4 -
8
o o
© 8 [n
-~ — @
£ 0.5 o.
e
Q. -
= -
o
0
0 0 Y T T T
4] 1.5 0 0.1 0.2 0.3 0.4 0.5
Fresh water (x10° m3 month) Fresh water (x10°m3 month-1)
Fig. 3¢ Fig. 3d

Fig.3. Continued.

s, 199198 7 il 0.84 x 100 m® w54k Lic (Fig. 21), WKAMTOLER E TN, TP AR
B OBEB A8 L,
ANk TN : TP K

TRHTRT S0 O 3 M) (i 2R oKD TN : TP M (= kh) Oy, KBEcd &
BfiEH13~33) Lb/ &L, BRETE2 FBRREA~174) ERIKED ot 2BBRAEN» 1O
RHEYOWS EWHREEIZI~TT) Th-7cDC, BWCIFICHE LD 2 Edvbnd (Table 1), 72721,
el X 5 ROl BEED b RIEE B,

ZHhBWAAR O TN TP WoZBie, KRS, WS, Ml F58% RpicugscEl,
ZRCHCEANRS ey, REBEELETRERCE, LFBeEVCERYR LE (Table 1), Fhzih
DERE TP ARROERICKE (EFELTCOWBEERE - Fig. 2), £ 20BE DI BRIICI
HERTORIRIC & o THORMIRIE Lc ) v <L, HHFo TN TP kB F3esEHEE k-
WBDAS LRIIEL,

O & DS
FUHE S L OBKATI RT3 TN SRS 50 TP AN RO UL R UBaERE



9 A Rk - i

Bingo Nada Aki Nada
0.3 0.20

0.15 7

(=
N
1
[m]
n]

0.10

TN (x10%ton month-1)
e
i
o
(]
TN (x10%ton month-1)

0.05 -

jw}

Y = 0.048x1.97
r= 0,934 !

TP (x102ton month-1)
a
TP (x102tion month-1)

Onp

T H
0 0.05 0.0 0.15  0.20 Y 6056 0.10  0.15 0.20

Fresh water (x10° m3 month-1) Fresh water (x10° m® month)
Fig. 3e Fig. 3f

Fig. 3. Continued.

o ote (Fig. 3), WAKANRE TN AFROBMBTCIINED L=cQse s\ C n51 OBE—EWD
VRS EEE, BEE, n<l OFRECREN, T, Rl o T o>1 obv LB
Weh oo, MAKANREE TP AMEOMKA T, nxl ORE—EHMLOIMEN, R P
n<l OFREIREN, 83 KEE, 7 o>l OBV H LM Ch 1o, T, KRBT
HEBIAME <, BRRcBIR & R e o e,
BENELBICHT 2ATRELEEE~ORE

WE PSS A IR OBAK AT R, TN f 200 TP ARROI99ER & 199248 o4 B o4
kA Table 2 10§ Edbie, WAKEAT R 1.5~5.6 Xx10°m3 month~! O h b, Py 3.1x109m?
month~! Th -7z, TN HAMET 4.3~9.3%10% tonN month~! D¥EHCH b, FH 6.5x10% tonN
month~! “Ch » 7z, TP HHM L 3.4~8.7x102 tonP month~! OWHEK H b, FHy 5.6x102 tonP
month~! ThH -7z, 190EEDOFERE L EHTIFELS ORI T, Table 3 WAL L S P AHEEE
R AN L S WKANH R 3.8x 100 m3 yr-!, TN & 7.6x10% tonN yr-!, TP fAfiHL 6.6
%108 tonP yr-! & RS Bz,

HHEA~OBKE L0 TN, TP Ao, HFNEEmes-T5 hE%y Table 3 iR L, EH L



WP T AU L K, SRS L0 vOAR 91

Hiroshima Bay lyo Nada
1.5 2.0
y = 0.885x1:018 y = 1.547x0.976
—_ ¢r=0.882 ~ r=0.967
v 1
E £1.5 1 o
& 1.0 . Q
g E
=
£ [=]
] o s 1.0
% °
[m]
% 05 z =
= -
E u} o = 0.5
]
0.0 T 1 T ; Y T T
1.0 1.5
y = 0.599x0-845 y = 0.857x9-821
—~ r=10.838 — r=0.929
v 0.8+ -
£ o =
frd
s S 1.0- o
E o6 -
15 o 5
o ] NO
© 04- = o
X < 0.5 =]
G.oo o &5
0.
F 02 SR> n o am] = o
]
0.0 T . . , 0 T T
0.0 0.2 0.4 0.6 0.8 1.0 o 0.5 1.0 1.5

Fresh water (x10°m® month)
Fig. 3h

Fresh water (x109m2 month-1)

Fig. 3g

Fig. 3. Continued.
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DIFEL D BRBDCE PP CHR, BRARROR RSBk LTRG-S Lhdou,

2. IO KEEC B\ e & 0 KEBEEE O#— 2 R TRy, Liedis €, Bk
LRI E D 55, TN & TP LMLCP B aRic T 5 AR s By & 72 Ui, fg~0oW
Wh BT D5 LT ATHER b 2 { OFICIBIEER LU vOME B E RS,

3. RIMAKRIBOKEIE CORPORIGEOREA B & O Ty, KBRS, 8 Ll
PSR RS G LB R B, Bz, B (1991) 28R LTV A5 BB O8E ¢,
FNEY P OBRERE PO,~P AT, EHI0HEEOHAR SR L, ORI 610 tonP yr-! TH
HEENTD, Coffiiy, 4EREL -7 290 tonP yr-! © 2% d/ebh, AP Gl L A0k
BOKEANERERCE, FEKFO T — 2 FR ST B, BRI L B8RO DLTL<
FHINToieve LiedisC @b hTohaBEL, SHEEH LAF - 2 eing 5 580555
THHH,



BT AR T AN AK LA HIK, £8Es 108 vOAN 93

Table 2. Monthly variations in fresh water, total nitrogen (TN) and total phosphorus (TP) discharged
into the entire Seto Inland Sea through rivers.

Month Fresh water TN TP
(%109 m® month~1) (% 103 tonN month~1) (% 102 tonP month~1)
Apr. 1991 4.3 7.5 5.9
May 4.3 7.7 6.6
June 5.1 7.9 6.9
July 5.6 8.3 7.3
Aug. 3.4 4.8 5.3
Sept. 2.7 5.0 5.4
Oct. 2.9 6.1 6.0
Nov. 1.9 4.3 4.2
Dec. 1.9 5.4 4.6
Jan. 1992 2.1 6.7 5.0
Febh. 2.5 6.7 4.7
Mar. 3.6 8.4 6.0
Apr. 3.5 7.3 6.0
May 3.4 7.0 6.2
June 3.2 6.5 6.2
July 4.7 9.3 8.6
Aug. 4.9 8.9 8.7
Sept. 2.7 4.7 4.4
Oct. 2.0 5.1 4.4
Nov. 1.6 5.7 4.6
Dec. 1.8 5.7 4.5
Jan. 1993 1.9 6.4 4.8
Feb, 1.7 5.9 4.6
Mar. 1.5 4.3 3.4
Minimum 1.5 4.3 3.4
Maximum 5.6 8.9 8.7
Average 3.1 6.5 5.6

COn BB L, BAKEEEPIERS (1982) AMEML TGS L5, BEEDHEARBEOBGR S
WO, BHAHERGEHCORARIIOLDEELLRHDT, SEOFKEHCHELABER (Fig. 3) %t
KEFC BT 5N 55 5, KRB OB -5 Tioh, BRATEOBR VG > T
HOAWELY RO LMW TEREEISTHS (HE - EH, 1985),

4. BURIBIC LA RETD DR L oo, BRIER o CEROSER S LY vOo AR
HEMTATEL LCRS — B #bh Tk, Table 4 BB IV -Jorhls - B (1984) 1
LBV AT RO PSR & AT X ABHFR & & i UG Lic, AP CHH Lol e
W5 TN 3100 TP ARG EMMAET X - CHE I hBo48%, sLU0%Tho1t, 2D
bk, BURAEECRERE T ORI EEAT SR 5 50K b OR THCHRKIc L6 Dl &d
GATGHBIHERBRS (B2, WA, 1990),

5. FERREOFME UCREE, V) vAWRETOFEHEDF W LN TELATHS, —77, REBHLE
EMOARRES AL A0 BE LTV A, BHEBRRLbRILVEVCIRENRD D, LI T,
ATFGE D BB N R VR O BRI OB 7 A R BT A B R R e b c R L L O
LBbhb, iiL, =FACSEOMEI AT SR, BT bR ~E kN S h s %%,



94 A Rk b

Table 3. Loadings of fresh water, total nitrogen (TN) and total phosphorus (TP) into each region of
the Seto Inland Sea.

Region 1990 1991 1992 Average (%) Per unit area Per unit volume
Fresh water (x10°m? yr-1) (m3 m~? yr-1) (m*m~3 yr-1)
Osaka Bay 14 13 15 14 (37 9.2 0.33
Harima Nada ND 4 2.4 3.2 (8 0.93 0.036
Bisan Seto ND 6.4 5.3 5.9 (16) 6.4 0.46
Hiuchi Nada ND 2.2 0.7 1.6 ( 4 1.2 0.069
Bingo Nada 1.1 0.83 0.43  0.79 ( 2) 0.83 0.053
Aki Nada 0.46 0.28 0.97 0.28 (K1) 0.29 0.010
Hiroshima Bay 4.2 3.6 4.0 3.9 (10 4.1 0.16
Iyo Nada 2.7 5.0 2.7 3.5 (9 0.88 0.016
Suo Nada 5.2 5.5 2.6 4.4 (12) 1.4 0.060
Total ND 41 33 38 2.2 0.073
TN (%103 tonN yr-1) (gN m~2yr-1) {mgN m~3yr-1)
Osaka Bay 45 45 52 47 (62) 30 1100
Harima Nada ND 8.7 5.7 7.2 (9 2.1 81
Bisan Seto ND 6.8 6.6 6.7 (9 7.3 530
Hiuchi Nada ND 1.8 0.46 .1 (D 0.85 47
Bingo Nada 1.5 1.2 0.67 .1 CD 1.2 74
Aki Nada 0.50 0.32  0.13 0.32 (K1) 0.33 11
Hiroshima Bay 3.0 2.8 5.2 3.7 ( 5) 3.9 150
Iyo Nada 3 5.9 3.0 4.0 ( 5) 1.0 19
Suo Nada . 6.2 2.8 4.8 ( 6 1.5 65
Total ND 79 77 76 4.4 146
TP (x 102 tonP yr-1) (gP m~2yr-1) (mgP m~3 yr-1)
Osaka Bay 43 44 49 45 (68) 2.9 ' 110
Harima Nada ND 7.7 3.5 56 ( 8 0.16 6.3
Bisan Seto ND 5.5 5.2 54 ( 8 0.59 43
Hiuchi Nada ND 0.37  0.16 0.27 {(<1) 0.021 1.2
Bingo Nada 1.2 0.8  0.65 0.90 ( D 0.094 6.1
Aki Nada 0.32 0.17  0.052 0.18 (<1) 0.019 0.64
Hiroshima Bay 2.5 2.4 3.9 2.9 (4 0.27 12
Iyo Nada 2.7 4.1 2.6 31 (5 0.078 1.5
Suo Nada 2.8 3.0 1.5 2.4 (4 0.077 3.3
Total ND 68 67 66 0.39 12.7
ND, no data

) v AT S CIRB I I L A CHITET A LN D A 5,
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Tabled. Comparison between the estimated total nitrogen (TN) and total phosphorus
('TP) loadings obtained in this study and of the pollutant load factor method by

Nakanishi and Ukita (1978).

Nakanishi and

. i st
Region This study Ukita (1978)

TN (tonN month~1)
Osaka Bay 3900 5640
Harima Nada 600 2310
Bisan Seto 560 780
Hiuchi Nada + Bingo Nada 180 1140
Aki Nada -+ Hiroshimad Bay 340 840
Iyo Nada 330 900
Suo Nada 400 1410
Total 6300 13020

TP (tonP month~—1)
Osaka Bay 380 675
Harima Nada 47 210
Bisan Seto 45 78
Hiuchi Nada + Bingo Nada 9.8 90
Aki Nada + Hiroshima Bay 26 102
Iyo Nada 26 84
Suo Nada 20 138
Total 550 1377

#t &

KPP T 5 1 dhle »C, B HEE 2T TR Bk A e
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Appendix. List of rivers with the sampling sites. Estimated watershed areas are also listed for the
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rivers where the samplings were not carried out.
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Riverine inputs of fresh water, total nitrogen and
total phosphorus into the Seto Inland Sea.

Tamiji YAMAMOTO, Tomoaki KITAMURA and Osamu MATSUDA

Facully of Applied Biological Science, Hiroshima University,
Higashi~Hiroshima 739, Japan

Riverine inputs of fresh water, total nitrogen (TN) and total phosphorus (TP) into the
Seto Inland Sea were estimated using reported values of flow rate and N, P concentrations
at the lower points of rivers during 1990 to 1992. TN and TP loadings along with the
fresh water discharge into all regions of the inland sea except Osaka Bay showed the in-
creasing trend in rainy season, whereas these parameters showed no marked seasonal varia-
tion in Osaka Bay. Dissolved inorganic nitrogen (DIN) to total nitrogen (TN) ratio of river
water ranged 58-769%, but the regional and seasonal variation of the ratio were not clear in
the all regions. Average TN/TP ratio of river water was lowest being 24 in Osaka Bay and
highest being 92 in Hiuchi Nada. The TN/TP ratio tended to be low in summer and high
in winter in most regions except Hishoshima Bay. Total loadings of fresh water, TN and
TP into the entire Seto Inland Sea were estimated to be 3.8x 100 m3 yr-1, 7.6 10% tonN
yr=t and 6.6 X103 tonP yr—1, respectively. Although the fresh water input into the Osaka
Bay was 37% of total input to the entire inland sea, TN and TP loadings to the bay
amounted to be 62 and 68%, respectively. This suggests that the effect of riverine input of
these eutrophic substances for the coastal marine ecosystem would be severe in Osaka
Bay. On the other hand, only less than 1% of total TN and TP were discharged into
Hiuchi Nada, Bingo Nada and Aki Nada. On the unit area basis, fresh water input to Bisan
Seto was higher than that of Osaka Bay. It is suggested that the seasonal variation of
riverine input of TN and TP made clear in the present study would provide useful data to
establish the model for presenting material budget among respective regions of the Seto In-
land Sea and to relate habitat conditions to nutrient loading rates in future.

Key words: fresh water, load, nitrogen, phosphorus, river, Seto Inland Sea



