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Long-term Variation in Phosphorus and Nitrogen Concentrations in the
Ohta River Water, Hiroshima, Japan as a Major Factor Causing
the Change in Phytoplankion Species Composition

Tamiji Y AMAMOTO', Manami Istipa' and Tohru SEIK1®

Long-term variations of nitrogenous and phosphorus compounds were analyzed for their concentrations in the Ohta
River water along with the amount of freshwater discharge using 23 years data set during 1976-1998. Both dissolved
inorganic phosphorus (DIP) and total phosphorus (TP) showed significant decreasing trend from 1980 to 1998. On the
other hand, all nitrogenous compounds such as ammonia (NH,), nitrite (N 0,), nitrate (NO,), dissolved inorganic nitro-
gen (DIN) and total nitrogen (TN) showed significant decrease since 1995. These trends were judged to be the effects of
the measures for the reduction of these elemental loads conducted by the Japanese Environment Agency. The DIN : DIP
and TN : TP ratios, therefore, increased from 21 to 30 and from 19 to 25 during 1980-1998. While the freshwater dis-
charge did not show any long-term trend, phosphorus and nitrogen loads, which are estimated from multiplication of the
concentration by the amount of the freshwater discharge, showed significant decrease: 66% and 55% decreases for DIP
and TP in comparison between the averages during 19801982 and during 1996-1998, and 31% and 18% decreases for
DIN and TN in comparison between the averages during the entire analytical period and during 1995-1998, respec-
tively. On the other hand, DIP/TP and DIN/TN were in the constant levels during the whole investigated period. The
red-tide forming species appear to have abilities either to store phosphorus in the cellular pool or to utilize dissolved or-
ganic phosphorus (DOP). It is concluded that phosphorus reduction measure could have changed the species composi-
tion in the bay to those can be advantageous to survive even in such a low DIP condition.

Key words: Hiroshima Bay, nitrogen, Ohta River, phosphorus, phytoplankton, red tide
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120gPm 2yr ' (146 mgPm>yr )& 29gNm™yr~' (1800
mgNm~2yrY) T, KENOKEREBROEN T T ¥
o by OB, OCWTIEEXRED S &0 - EREROME
AR A3ERE L THERKRENWILETREL TS,
72T, AR TIRAKEINAIIARROESR - U ViIREIC
B 3REEDT — 4 £ BE L, REEILERERICN T 5 C
NEDRERKBOERHZSHAHL M TEI L HEL
2. TRtk oT, BUEBET (RIREG, DTRES)
BT - T &7 2 E TOME - BEOTHRAKENIIK
hoeE®E - ) VIBEOZELE LTHEIZRN TWAS I &
Momt-7=OTHRETS. £, ThHER- VYO
ERBOEL L IREEBIC BT 3R ETE L OBFFRIZDW
THHRT S, & LEEEOABNEREDORRZEH A A
FoT7)-DAREMT IV o+ v ORERMEIILLES

ATVBEFHIE, ZREHASBEERZOEDTH S,

OIS EEAH»L, SROLS EREICESLE=F) Y
7 F— A DRI S HORFEROEHDOD D FEEL
ALTHEHRELZLADELEDTHAD.

EEHBIN G &
KENOHEEIBELTART -4 & LTHETES
1976~1998 -0 23 SR A JF & 12, LIT D &k 5 Z SEEHEM
BiTo7-. mEBEE (BEBEWIE, 1978-2000) 25K
CE—BERT (Fig. 1) THIEEZRTHWEF—2»5BHD
TR AT L, BEED) E EHATEHRE L.

—7, ALFKEKET -4 (RBRFREREL Y 4 —,

1977-1999) 725, KZ KM, #HEH, CHREOIHS
(Fig. 1) 0BT 3 E%HK (IN), £V ¥ (TP), AR
% (DIN), WfFREMER) » (DIP) IREOEZ5IHL, Zh

5DFEAFE L. KEKRFNIAREN EFREIAIEL

KA ZHRICHME T BRI TH 5D T, JIKDY
s 410k X B3 DICEA PRV, THROTHE DR
BRRMMINTWAENI L EFERL, HEELCRIED2
WEAEMAT, ZhoOFHEE I TREMALE. 2E
L, Zheo@iliznshdd4m, 2,58, 11 FiZfrbh
T30, BREAORHOAIZDOWTE R CEE#EA L
7o PEoT, REIOBAICEIIADTI VoL ED. T
NoDBEEICBAOHESRTHI LT, WIRICHTIK
F A b0RMEL AL L. BaAil, ZThbD3HIR

DFEHET B LT, WBPDFHT) KEKMDLD
SEYE T, TN SRS 11 f5, TP 389 1.2 %, NH, i35
1.3 f&, NO, 1349 0.66 {5, NO, i¥#9 1.1 &, PO, 1349 1.3
LD, NO, #IRVWCEODEL & -7, Zhiddkici
FEL&&Sic, THROWMEHSOHEN KM I Wiz DLE
Z6N5B. NO, DAEAMEL 4 - 7= FER O BFITHE Ly aas,
NEOEA  BEITCHER B TORBERAOFSNARKE VLD
LB ERS, ‘

ki, TNEFIADINT A — 2 DREFTEE L OCEHO b
LY F&RB7=012, AT - 20O01%6 »r AT o4
BF—SOBEFHEFR L, 510, KEEFR Y
VR TP & 53 TN H1Z 5 3 DIP & 513 DIN OF|

13{E 132 133 134" 135

St. Yaguchi

Oshiba Water Gate

Hiroshima Bay

Figure 1. Map showing the sampling stations in the Ohta River.
Station Yaguchi for the monitoring of the river discharge, and
Oshiba Water Gate, Miyuki Bridge and Niho Bridge for the
monitoring of phosphorus and nitrogen compounds.
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kmmnmmwﬁg@5—7m119H@zﬂ%%h,
ThZh, BOBMRT, M, RRISEYT 3 EEBbh,
HERRFE A 13.2X10°m* day ™! THRETH B (Fig. 2b). 7275 L
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Figure 2. (a) Long-term and (b) seasonal variations in the Ohta
River discharge observed at Station Yaguchi for 23 years
from 1976 to 1998 (cited from Japan River Association,
1978-2000). The smooth connected curve shows the running
average of 13 months.
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Figure 3. Long-term variations in dissolved inorganic phospho-

rus (DIP) and total phosphorus (TP) concentrations in the
Ohta River water for 23 years from 1976 to 1998 (cited from
Hiroshima Prefecture, 1977-1999). Average of the three sta-
tions (see Fig. 1). The smooth connected curve shows the
running average of 13 months.
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Figure 4. Long-term variations in ammonia (NH,), nitrite
(NO,), nitrate (NO,), dissolved inorganic nitrogen (DIN) and
total nitrogen (TN) concentrations in the Ohta River water for
23 years from 1976 to 1998 (cited from Hiroshima Prefec-
ture, 1977-1999). Average of the three stations (see Fig. 1).
The smooth connected curve shows the running average of
13 months.

D, 48%DKTFLA5, TPIRE & DIPIRE & RRIZHE
ikAEAEP RSN (BEITIIX T % Kendall DIERIAH
B, 7=-0.505, p<<0.0001), [EIBRIZ 1980~19824F & 1996~
1998 £ D Tk, 0.12mgP /™" & 0.072mgP /™! DEWN
MR LNz (Fig 3). 7=, @RS OFI9EIX DIP
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BRERITZ1970FREFITORWML 2%, 1914 %

THEWVIRIETH 5722, 19924 5 1995 R —HIAM L
199520 5 1F I & 2 IZIHAICER U T B (Fig 4). 19954
LB OHEORE 1253 % Kendall DIERFHEE % & 3
& NH, Tid 1=—0.817 (p<<0.0001), NO, Tid 1=—0.426 (p<
0.0001), NO, T 1==0.547 (p<<0.0001), DIN & TN Tid 7=
—0.635 (p<<0.0001) TH b, T/, ELIEFEOREKRT
MPEFE T D - 7= NH,, DIN, TN (2D T2 B b o
¥fE L 1995~1998 SEDFEHfEE 5% &, NH, T 031
123 UC0.18mg N/~ DINT 0.65 2R L 0.57mgNI"!, TN

=9

Ea

REEDRHIZEH)

T 093X LT 090mgNI™ DiEWHD B,

[l THlRAZXSIZ, VY EEEOREIZEM4E
58, 1,2 AZFHNTHBDT, ZhonF—# 4+ %5
U CEMER 2 BE L7z, DIP, TP IEEIZEMEELCE
1Y 0.065+0.039, 0.10+0.04mgP /™ & —ETHE
BEMEMIR SN L Hh 572 (Table 1). BREEEDS B,
NH,, NO;, DIN, TN {2 DWW T & 4R 438 U CIRIT—E TF
EIZEHIER SN, Py EEFEEZAFN 031+
0.23, 0.32£0.16, 0.65=0.29, 0.93=032mgN/"! T & - 7=
(FIMEERTHY) . 72720, NO,Tid 11 A120.033+0.014
mgN/™ EEL, SAIZ0.01720.008mgN /™" &KL A A
A 5 7z (Table 1).

1-3. U RUBFZAEFE

BEIZAIRFE AT TR 7= DIP B LU TP BHEIC
BT Y, BE &R 1980 LI A5 5 il i m 4
B o (FBOEIIHT 5 Kendall DMENAIERY, #h 7
1, 1=-0.591, p<<0.0001, t=-0.581, p<<0.0001) (Fig. 5).
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Th-7z.
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TN (ZDWWT DA Fig. 5 IZ/R L72). NO, BFEIZDWTE
—EOEHEIZR 5T, BT ROy EIZ 23
tonNday™ TH -7z (RKUTIZR L THAEWN),
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7z (Table 1). &HESEH (NH,, NO,, DIN, TN) B &L ¥
BHE L ERCERICIRE L -ESERR AL, 2,5,8
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LR —FETH B A, 1A Zh LR 0.86+0.57,
0.83+0.53, 1.8+0.96, 2.5=1.3tonNday™' &{E\>. NO, B
Bi32.5, 8 11 A CHEERZENEL 0.096+0.062 & —ETE
gt R o hihro7. ZhidfioEHEEELZD, 11
B A EN T &A% (0.03320.014mgN /") REA/NE
WI L EHBLEERTH S.
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Table 1. Seasonal average and standard deviation of various forms of phosphorus and nitrogen in the Ohta River

water.
May Aug Nov Feb

Concentration (mg /")

DIP 0.058%0.031 0.061x0.033 0.067%0.022 0.053+0.028

TP 0.098+£0.049 0.10x0.042 0.11+0.036 0.0930.063

DIN 0.64=0.28 0.61=0.28 0.68+0.32 0.67+0.24

N 0.98+0.35 0.92+0.34 0.95+0.37 0.86%+0.22

NH, 0.32+0.24 0.27+0.27 0.32+0.17 0.33%0.19

NO, 0.31+0.14 0.31+0.13 0.33x0.20 0.32%0.11

NO, 0.017x0.008 0.023+0.016 0.033x0.014 0.019+0.011
Load (tonday™")

DIP 0.34%+0.21 0.31+0.26 0.190.099 0.27x0.18

TP 0.55+0.32 0.54>0.44 0.28%0.15 0.49%+0.32

DIN 3.9£25 3.4+3.2 1.8+0.96 33*1.5

TN 59+35 5.2+4.38 25%+1.3 4.6+2.7

NH, 1.8+14 1.2*+1.0 0.86%:0.57 1.5+0.77

NO, 2.1%x1.6 2.1%+2.6 0.83:0.53 1.7x1.1

NO, 0.094:20.050 0.11%0.11 0.0840.040 0.093+0.049
Molar ratio

DIN: DIP 2793 28+16 22+6.3 33x14

TN:TP 25+9.0 22 20%=5.0 24*8.1
Proportion

DIP/TP 0.59+0.15 0.58+0.14 0.65x0.072 0.60+0.19

DIN/TN 0.66+0.17 0.68+0.19 0.71+0.13 0.77£0.18

WEDD, MiFE G 1982F LM, FREA LAEESRS
iz (U OHBRE,RTbI S & 91274 - 72 19804 L)
FEDFEEIFEIIZN T 5 Kendall ONERIHEBE TIL, FhTh
7=0.375, p<0.0001, 7=0.473, p<0.0001) (Fig. 6a). 1980~
1982 4F & 1996~1998 40D DIN:DIP D EHEIZ 21 75
30 N, TN:TP lLDSFHEIL 19 5 25 ~N&FhFh EH

LTw3, Bhiic, &FWHBPOFEHERZhEL
27L23TH -7,

FINAKRFDEY VB LURERITTT 2 EHE) VB X
CEBEEROFHES, T4bH5 DIP/TP ¥ LU DIN/
TN (&, £EH 0.19~0.89 (F1y 0.61), 0.20~1.0 (Fy
070) THH, LII—EDORFELHIR LN EL - 7=
(Fig. 6b).

DIN:DIP Hi, TN:TP th& & 11 HIZRR{&< & B[ A
A 25, MEHNCHBELET CIEAL, Fh2h0EH
FIgE & RERZEE (ESEIRATH) 27575, 23+5.1 T,
HIZ DR R E A - 7= (Table 1). DIP/TP, DIN/TN & 4EF4
Tl U CHIR—E T, FRVIE L EERELZhTh
0.6120.065, 0.70+0.16 T CFHEIERTL) , EHZHIZR
5 o 72 (Table 1).

1-5. BELRE, AFELOHEEA
EL DIP 5L U TP BHEDOEBRIZEF LA ZER X+
7zl EOMBIEZ R ER P=0.510 (F=315.1, p<0.00001),

0.591 (F=517.8, p<<0.00001) TH 0 , fiF L <1 &k D
FRIE &l X iz (Fig. 7). B3R Tid DIN, TN, NO, 12
WTHBEAE L (P=0.664, 0.756, 0.765; F=728.7, 1192.6,
650.9; WL E p<0.00001), TRT n A 1 ISENT & A
bR —ER &l X7z, NH,, NO, IZHHBIAM KA 5 72
HPEETHO (P=0271, 0427; F=147.7, 216.8; WTh 3
p<0.00001), a<l &% D) FEIREY & FlT & -

2. EEBILE2REREBEOEL

JREEIZ B W TRAE LRl & SRR S IR L 224558
# Fig. 8 (Y. ZORIM 6, ARElFA 8 IR E
MIZ® 54, BT 2RI ERIE 1980 FERETEIZ
WFEEETRTH 726D, 1985 A5 1994 EH7-0 %
Tid, BE, 774 VE, WEERO3ISENSRAEE
O TRAEL, 199547 5 (2 BWEEE S+ HEOR
EALB->TETBIENGN 5, EaRERMEITHEERE
Tl Skeletonema costatum, Chaetoceros spp., 7 7 4 FE&ET
I& Heterosigma akashiwo, Chattonella antiqua, WHiEHEETIZ
Gymnodenium mikimotoi T#H -7z, =721 | 199547 5 &
Heterocapsa circularisquama DFEE N FHBITH - 7=,

£ =
AR @ DIP/TP, DIN/IN (Z 7111 0.61,0.70 Th
D, EEHEE, BHLHEAIELAER L L. O
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Figure 5. Long-term variations in estimated loads of dissolved
inorganic phosphorus (DIP), total phosphorus (TP), dissolved
inorganic nitrogen (DIN) and total nitrogen (TN) from the
Ohta River for 23 years from 1976 to 1998. The smooth con-
nected curve shows the running average of 13 months.

UK LT, IREEILEERO AP DIP/TP, DIN/TN &,
FREFNFETES 039 BXU 026 THB I EEILKREN
(2002) IHRE L T 5, [AEEICER#EESAN T DIP, DIN
DBWAETIE, —2IC@GKBANZ2F 27 ) —OfEH 7
FUO Pk STHDAEN, WIRILENTE72DT
HBEFIRTES. HTEH DININ OFEOIETAE L v
MEHD—D2& LT, BRI EL SIS I &2 8
ERNTD (ARIES, 2002).

U R ORAMEIL DIP, TP & & 19225/ eh,
IREBIZT 5 TP BAEARES 1979 450 3.1tonPday™!
25 1994 D 243tonPday ! IS L TWBZ L&KL
ToEARIE A (1998) DMER» S &, Z DWW ERHHER A
MBI R AR ERICE S 5> T Y OYlEEERIZ &L 3
EDTHDI LAWMEETES (Fig.3). —7, NH,, DIN, TN
12DV TR 19802 6 1990 FF R DETE L TIZE AL E
fLed, 1995FEH,r b WMPHrROENA, Th ik, &
ROHAZEA E N2 FILRHRIEE 2R LTE
D, BEBICXS3HNEDOMNROEANTH L LERTE S
(Fig. 4). R NH, 2B W UHAEA,SIEE TH - 722 &
i, TAGE, USRMHEEERZ EDBRMIBIONTEART

T O R )
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Figure 6. Long-term variations in (a) estimated DIN: DIP and
TN: TP molar ratios and (b) estimated proportion of DIP/TP
and DIN/TN of the Ohta River water for 23 years from 1976
to 1998. The smooth connected curve shows the running av-
erage of 13 months.

EMKRELHEL TR EEZI NS (HENEBERERES
s, 2001).

DIN:DIP b, TN:TP A ERZ I e DI LI L T,
1980 A & _LFEHMA R &5 17z (Fig. 6a). TR 6D,
EM IV Y FERBRET 7912130 AOBEITES 5 (3
FETRBE, 772 VO NP LTSS
Redfield Ik 16 (Redfield er al., 1963) & HRB & WFh g E <
HEBLTETHD, BROHIHA D 53 TEF UL
FTnA, FlAE, #BEFEY L7 DIN:DIP ik 199441
950, TN:TPHIZ 1995 135D E -2 2R LT B
(Fig. 6a). 2D Z &, U Y EROHIRIC & - TLBE (&
Iz dbEpER) O T T v o b Yy ORHEIL 1995 F T
BREC) VR I N T2 & EREL T
B, UAIED (1996) 13, BEOBERARIT T 5 [AHH
AIRDOAREFELER] (SE & FROER) 256, WFE
DEWHZFEAT 5 RTOW) 2DV T 1991~1993 DK
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Figure 7. Relationships between the Ohta River discharge and
the loads of respective phosphorus and nitrogen compounds.
Data are for 23 years from 1976 to 1998.
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Figure 8. Yearly variations in respective taxonomic phytoplank-

ton groups which formed red tides from 1981 to 1998 in
Hiroshima Bay (Hiroshima Prefecture, 1982-1999).
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