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Abstract

Distributions and budgets of nitrogen and phosphorus in inner and central areas of
Hiroshima bay were investigated for three years from January 1991 to December
1993. The mean loadings of nitrogen and phosphorus flowed into the entire bay
were 870 tonN/month and 129 tonP/month, respectively. About 79 % of nitrogen
and 84 % of phosphorus loadings were flowed into the inner area. The TN:TP and
DIN:DIP atomic ratios of the discharged freshwater were about 15 and 21,
respectively. The PON:POP and DIN:DIP atomic ratios of seawater in the bay varied
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from 8 to 14 with a mean value of 11, and from 8 to 18 with a mean value of
12, respectively. Estimated fluxes of nitrogen and phosphorus based on the
exchange of seawater were 585 tonN/month and 106 tonP/month, respectively,
from the inner area to the central area, whereas those fluxes were 62 tonN/month
and 107 tonP/month, respectively, from the central area to Akinada. When the
remainders of nitrogen and phosphorus substracted outflows from inflows should
be sunk, sink fluxes of nitrogen and phosphorus per surface area of the entire
bay would be about 9.83 gN/m’-yr and 027 gP/m’- yr, respectively. In the
central area, the remainders of nitrogen and phosphorus were greater than those
in inner area. The residence times of nitrogen and phosphorus were estimated to
be about 112 days, respectively, in the entire of Hiroshima Bay.
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Fig. 1 Locations of sampling stations in Hiroshima Bay, Japan. The dots and those

with numbers indicate the stations where salinity and nutrient measurements

were carried out from January 1991 to December 1993, respectively

e



HiroshimaBto{| A 2

Al Q138 st HRHE Fa 2 e FRE Fd
A19919d 19R¥ 1993\ 12€97bx) 94
Hiroshima® W49 @ SFYHF2 FdEs= 424

¥ A9 #9
Aol fYF o

FYahe

o
e
K

2 Kurahashi &
991 1958 1993 129744 #&H
7 (H A% %K, (1991] , [1992] , (1993) )=
@49 ArEFe 2 ggd Axy: 035
NH:-N mg/l ¥ 1.23 NO; +NOz -N mg/l (H &

fbFgr [1992] YZ2FE AAkgid

23 ol & AAQ Q9 B U HYH
Bl o

zb g 4ot <9 AHEZE Hiroshimadh
S A Ao 19919 1¥%6 1993
129712 ¢ 43 AHEE A8 A28 o839
oo R g #E5H 1A 2H XA 8
BYI T YR LS B4 3 4 54 A4,
9 o sl e #wE 6 Akinadad Gof 3
FET (Fig. ). &4 A™E 44 0, 5, 10, 20, B-2

m (A% 2m)ellA AFafiA d#F (Millipore HA,
045 m@)3 ¥ Y5 HEHA dddz &4 o
B el A4 3= Indophenol¥ (Sasaki and Sawada,
[1980]) )oz, obdd HAae AM"LE Cu-Cd
#99y  (APHA - AWWA - WPCF, [1980] ) ¢
NEDWY (Bendschneider and Robinson, [1952) )&
2 F491 <12 92 Molybden blue (H AT
S, (1980) e m  BEAgd, AR frig
(POP) ¥ 24 7H4 #3192 Molybden blue¥
(Strickland and Parsons, [1972] )22 EAd o
W, §&4 F (DTP)S #Hgatza] 7tges
(Koroleff, [1983] )o.& ®A v, =3 GF/F <
#2] (Whatman)® 3% A9 x4 f712
2> (PON)i= CHN #47] (Yanako, MT-3)2 ¥
A, A7 EAi: 3~59, 84z 6~84,
Az 9~10€, %73 12~298 FEHA A4
& AT

=
e
il

7 guy dast ol AT Ao
Hiroshima@d FAAIEAAA 19913 19 5E

Bl A
4, oo

OIO‘

S
pis)
=+
Pal

MHa
H

1993 129744 2, 4, 6 XM TFH A F

Al #E5HE AEE olg¥Y. ¢ DTN AEi=
Kagawa&9] 3sdztgd 3letdpadelA 1993w

1093 19949 19, 49 2 69 A 2, 49 +
A0, 5, 10, 20, B-2m ol H #Mste] me Zupar
3l (Sugimura and Suzuki, [1988] )o&2 EA =l
AEE o] &R = A4 69 DTN ¥ PON

AR 19933 1029454 19943 697X
Hiroshimati 3} #8748 A7 A 43 7
AEE ZHE AZE oL Adds 244

POP, PON % DTP A22 Wd A8 2 o] &3}7]
Asl AdE A8E HIYRDYPS ol &8 Y
a2 Tt &4 f7134 (DON)E DTN
A DINgtS ¥ o2 DOPE DTPYA DIPE
W Aor o =¥ FHA (TN)y= DTN
PONS &% zio®, F2l (TP) DTP POP&
43 Ro= #EdA7E 7
7] 27 Wi AEZHEZ ol &
A g 1Y A& oA Tshar
olAL ol WFor T HusA Z AHY
PHs=d 7k w7 odggd 2 g
dao Q9 dEFS 74 H9d FAdsEe 7
A AAE FaAd Tl

24 o4 BT BL Y oo wpl
BE BEH 8-S AE= A w e v 2
¥ A W R Gt Fg wsgs
eta, O s wEEE V2R s A9
Folo mage vt 24 doe ANT Aw
TR We e F49% 52, 4 2 4
Heqael Asmad Q54 H950 Gro A
(D3 2o TAADT (M 5, [1985] )

VilaSy/at) = QiG-S - Fi-Si - R+ S (D)

VoA ASy/ A1)=Qu(S3-S2)-Q1(S2-S1)+F1 + S1—(F1+Fy)

So-Ra - S2 (2)
A7NA t5 A AY), SiE 9 R e H
T HETE, St W SRl #Hy dre
L, Sst % HFdAe HiE dEFExE V= 7
5o A4, Vo 9 AR A = v Uy
5 T Fokielel 1B} sl wEdT

(m*month), Q2
47t 3

W FRel gkl 17
W&ZF (m¥/month), Fie @ WH=



oy
il
ol

o AT FUYF (mYmonth), Fre ¥ FEREZ 9 % (m¥/month)el o},

9 344 #9%F (mYmonth), Ry 9 RER R BREEE 2 7)o HREE LRk
A 1Y A5FH TR A (mYmonth), i (19911 , [1992] , [1993] ol Hiroshima®hah
Rotz ¥ SFFoAA e 1ML ATt S

'3 Akinada®) 3470 AW 22 (0, 5, B-2m)oll A =3

2.0
p (a)

TonN month"!

1500

(c)

1000 ~

500 -

TonN month™!

B A B B e e e o o e e e o o e e M R R =
d)
150 (

_______ Inner area
------- Central area
1004 Total

50

TonP month™’

Fig. 2 Monthly variation of (a) fresh water inflow, (b) DIN loading from
rainfall, (c) nitrogen loading and (d) phosphorus loading into the

inner and central areas of Hiroshima Bay from January 1991 to
December 1993
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Fig. 7 Variations of (a) net precipitation (rainfall minus evaporation), (b) salinity and (c)

sea water exchange in the inner and central areas of Hiroshima Bay, and
Akinada from January 1991 to December 1993
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Fig. 8 The net exchanges of total nitrogen in inner—central areas
areas of Hiroshima Bay-Akinada during January

and central

Month

of Hiroshima Bay
1991 to

December 1993 (monthly mean values for 3 years)

ArEeA FeFE W & FE¥Fe 27H 9F
Zol B2 A4 @&

74219 7)ol E o} F ol

L(F)9 @e Hole A¥:E 7HE AT (Fig.
7a). G vE9 EEE T UFeA 7 &R
Ax 433 & FE AolE R, 7 YRz
25 fdel Bgode AL BT YAH (Fig.
7b). AIAE dE s=e st @k 53
1991 793 1993 8¥ 9¥€d #gTh o=

Fig. 29l BaF 1 glxo] vl Al ZFo] &
7] wWEoz MAPTH ZFe] oF F Gl
o 4 R Fat ZeARG o 14Y A=
A JehvbE Age By
JHAQ 5 mEFe T YR B
Abolol A 947x10° m*/month, 3+ Z35-o} T ¢

£
N
N

G 7ol = 132x%10° mY/month=® iy 74
4 f3lo] Be ol Be d4rt ey
9t (Fig. 7c). sisage] we 2 sz
3t

s Z & [e] L=
49 919 THFL B Hio]

o
M,

S
oo

A FA AAME 23 v
o A - B )
U8 E 4% vElYd. 39 Jo7d 44
2 0o AdPF wWEFS T YR T F4
22z 585 tond) A 2 106 tond] o] FEH I,
w2 RoA g RIFHHoZE 62 ton
2 107 tond o] FEHI JE ReE WA
e},
Hiroshima%t W39} w SR 24 dAa

?le] A& Fig. 9a, bl AEldtqd et

o,

b B0 ox oy O o 1o ki 2

_?l_L
_ﬂ
o fo,
> T oft > 3
o x N i
2
2
>
1=
',

=0

wa,

QL

— QR —



Hiroshima@oll A Q|

(a) 686

Inner area
(397)

585

Central area
(2766)

l62 |
~

Akinada

A
B

!

e
1
Ha
H-
2
4>
N

®

Inner area
(64)

106

20 Central area

(418)

[ 7107 |
v

Akinada

Fig. 9 The budget of nitrogen and phosphorus in Hiroshima Bay. Values in arrow

mark mean fluxes (ton/month),

and those

in parenthesis mean standing

stocks (ton N) from January 1991 to December 1993
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