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Studies on the Fluctuation Characteristics of Water
Quality in the Estuary of Ohta River. I.

— Characteristics of Water Quality —

Fumio NAKATOMI

In Ohta River estuary area, the fluctuation characteristics of water quality are investigated.
Surface chloride ion and DIN show 2—5 and 3—7 fold diurnal changes and they are inversely cor-
related with each other. But at a bottom layer, they do not show diurnal changes. And PON do not

show diurnal and vertical changes.

The salinity is influenced by river discharge and stratification. If the river discharge increases

by 10 m%sec, the surface salinity decreases by 1.3%,.
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Fig. 1. Sampling stations in the estuary of
Ohta River and Hiroshima Bay.



EREREEY 4 —PIRERES 11 5 (1991

Bo&mIONRERE, &), 7TEH, FHE/03 [
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L L, BKERCIRZ KM THRBRGBTONHTID,
KBS & fbd B Al 2 BEL TR 2 31 1 B,
AEIFEDEIZ, FRETOEER EERCHEERT B
BRAAROREC L v, KEBBPETL TS,

3. BAREFE
3.1 HEHARCR
3.1.1 FAREoKEEERAE

St. 1 (Fig. 1) wBWT, 1984F5817H, 107
24 Ak, RS> X OREREENCHT T, 1313 2 B
BTN R — U ERKBER2FNT 3 ~ 5 BOLSBEI/KZIT
st WThO@EES, TROKUZESASOKREHZ
L BATT- I
3.1.2. AOROKEESFE

St. 1~5(Fig. 1)IT#T, 19784E5~12H, 1988
#2~3 A0XMBAIA 1 [T D, HMEEH» 5 EMAITH
o THRELHEL ., BERFGERTHRZIESAT
1B 303LINT d » 1o, FAEKEEL, Om, lm, &
BELEIm(B—1m/E), 1m & B—1mOfEDRE (A
B) DAETH B (Fig. 2), Fig.2 FRDRKE, FE

Table I. Analytical method.

mouth
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[} nh n »n n
04 ~® *—o—e .
T * e o e .

L]

.

DEPTH (m)

1 2 3 4 5 6
DISTANCE (km)

Fig. 2. Sampling points in the estuary of
Ohta River and Hiroshima Bay.

DKEEREEMETRUI, St. 5 AOBE b L
AT 505, FOSONKE & LT 5109 M4
1z,

3.2 PBEHBRUAEE
BEFEE L AlEHE% Table TIZART,

Measured item Analytical method Instrument
DIN NH;~-N+NO3-N+ NO;-N
NH;-N Indophenol method
Ellsfoggg NO:-N Cu-Cd reduction and Technicon co.
8 * 3 Diazotization method Autoanalyzer II
nutrients
NO;-N Diazotization method
POs-P Molybdenum blue method
PON Yanagimoto co.
Particulate CHNcorder MT II
organic
nutrients® POP Persulfate digestion and Technicon co.
Molybdenum blue method Autoanalyzer 1I
Cl Argentometric method?’
. . Electric switchgear
T Field observation Salinometer MC5

DIN = dissolved inorganic nitrogen, PON= particulate organic nitrogen, P OP = particulate organic phosphorus,
Cl= chloride ion, S =salinity, T = temperature. *: Water samples were filtered through Whatman GF/C (pore
size: 1.2 um). The filtrate was used for determination of dissolved inorganic nutrients and the filter used for

particulate organic nutrients.
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Abhd, 20T, ARBKEOERERDO T — % 28
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4 * B (Fig. 3), EREEERERE (Fig.4) 2
L.
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Fig. 3. Seasonal changes of chloride ion at
St. A (a), B(m) and C (®) at a depth
of 0m and 2 m layer from April 1987

to March 1988.
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Fig. 4. Seasonal changes of surface NH4-N,

NO;3;-N and PO,-P at St. A (a), B (w)
and C (e) from May 1985 to February
1988.
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AE IS Tz, CDLSIT, FRFEDERA + L BE
N 5 R, KRNORENSOEEED 0 m B2
kNI,

0m B NH«-NI1Z, =6, fl5icd 28Ry
L3S, —EOEmIEED - o, FRiC]LT
NOs-N, POs-Pit, 5, 11 ATHEL 208, 2ATEL
2 BEMEAHH SNTDS, BRI & 8 2R
36> Jz (Table II),

4.2 MOBOKHEBRE

Fig. 5 ICs kiR M%end. 5 AdRELERT
1.3 C DEDD b, KHUIIFFOERERERTRU IS,
10 BEEETREEE UKERIIRIZIZ21C TH—ThH-
1.

Fig. 6iCiiFE 1 & ., DIN, PON O HZ(LEF
WAL 2R

0 m/BDIESR 1 + L BEIL, B - T5A31016
130)~16.8% (10:30), 1049.8 (15: 30)~17.7
% (9:30) ERELHEMERLIL, RIEEEET 2~
5fEDEDAL ML, TDL &L, YKRKBROHE T &,
YRAEROM | & DT EICHRD WINTL BT & 2%
LT3,

F72, OmDDIN OEEhL, HEA AL & 3CTF#
Rl 1z, 550.48~1.61mg/1, 1050.14
~0.95mg/1 &, BEERE TS ~ T{EDEBA LN
DT &iZ, DIN MPKFR/KSE & HiciEEicifbsh
TWBRLERRLTVS, LOL S5, MAEREDK
i, BT L TRE S BRETAREGSED b1
1.
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Table II. Concentration of nutrients (the mean
values from May 1985 to February
1988) at St. A, B and C.

NH,-N NO3-N PO,-P

mg/1
St. A 0.08 0.066 0.018
St. B 0.07* 0.068* 0.019*
st. C 0.07 0.073* 0.020

% 1 Exclude May 1986 at »<0.01.
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Fig. 5. Diurnal variation of temperature (°C)
at St.1 on 17 May 1984. Flood: 10:
33, 23:29, Ebb: 16:57.
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Fig. 6. Diurnal variations of chloride ion (Cl
on 17 May and 24 October 1984 at a
Flood: 10: 33, 23:29, Ebb: 16:57.
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depth of 0 m and B—1m layer. 17 May 1984,
24 October 1984, Flood: 9:22, Ebb: 15:24.
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Fig. 7. Relation between surface chloride ion and nutrients (DIN, PO4-P) at St.1 on 17
May () and 24 October (®) 1984. Regression lines are drawn for the equations :
(a) (DIN)=—0.061(Cl)-+1.36, »=—0.78, significant at »<0.01, (b) (PO,-P)
=—0.0027 (C1)+0.069, »=—0.46, significant at p=0.02.
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Fig. 8. Relation between surface DIN and 10 D00 —0
PO4-P at St. 1 on 17 May (e) and
24 October (w) 1984. Regression 5
lines are drawn for the equations: 4 . 4 * . . !
(a) (PO;~P)=0.069 (DIN)—0.016, o 1 2z 3 4 5 6
r=10.92, significant at »<0.01, on DISTANCE (km)
17 May, (b) (PO4-P)=0.076 (DIN) Fig. 9. Longitudinal changes of temperature

+0.007, »=0.96, significant at p<
0.01, on 24 October.

at a depth of 0m and B—1m layer.

e : 26 May, m: 26 June,
A 24 August, a: 21 October,
o: 21 December, o©o: 17 March.
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Fig. 10. Seasonal changes of temperature at
St. 3 at a depth of 0m (e) and B—1
m (m) layer.
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Fig. 11. Longitudinal changes of salinity (S) at a depth of 0 m, 1m, middle and B—1m
layer.
Left: eo: 26 May, ®: 26 June, 4: 24 July, 0: 24 August.
Right: e: 21 September, ®: 21 October, 4: 20 November, 0: 21 December,
o: 16 February, o: 17 March. )
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Studies on the Fluctuation Characteristics of Water
Quality in the Estuary of Ohta River. Il

— Behavior and Load of Nutrients —

Fumio NAKATOMI

In Ohta River estuary area, the behavior and load of nutrients are investigated.

Dissolved inorganic nutrients which are supplied by Ohta River, are removed from the surface
water through the two processes, mixing _and biological uptake. The removal ratio of mixing to bio-
logical uptake is estimated about 2:1. After they were mainly converted into particulate organic
nutrients, they circulate in coastal nutrient cycle.

TN and TP loads of Ohta River into Hiroshima Bay are estimated 11.0 and 1.0 t/day respec-

tively.
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L.

3. HRRUEE
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A 1 A5 BEOEEFEOEIEE LT, &’
4y, WYY (S. S), Chlorophyll a (Chl. a) 2Ib E
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DX 5T EERT (Fig-1).

HB4NE, St.1 O 0m BTHR{ERRLEERRE TG
LTHMUTCYS, 1 m PR TRERIR X BB E LA
Eligpotn, COCEE, FEBROEEDKHEE 1nfE
CURO B KSR, BRECL ) BEBEEL LTS
b, BERE L% EES Kb R AR L TR,
HEKTRIKBRE ERE LT CIREEZRL TV 5.

S.8 ORI, BOEITRISELTW Tz, BRID
NEFTELLTH H, St.1 TREEZRL4E TEH
R LT, BULOENIRE — v BERLTL. &



Table I. Analytical method

Measured

item Analytical method Instrument
TN PON+DTN
TP POP+DTP
® Yanagimoto co.
DTN model TN-7
Persulfate digestion Technicon co
DTP* | and Molybdenum !

blue method Autoanalyzer II

DON DTN—DIN

DOP DTP—POs-P

Dry at 110°C for 2

S. S hrsd

Acetone extract

Chl. a and colorimetryS)

T N = total nitrogen, T P = total phosphorus, DT N = dissolved
total nitrogen, DT P =dissolved total phosphorus, DON = dis-
solved organic nitrogen, DOP = dissolved organic phosphorus,
S. S =suspended solid, Chl. a= Chlorophyll a.

* : Water samples were filtered through Whatman GF/C (pore
size: 1.2 #um). The filtrate was used for determination of
DTN and DTP.
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Fig. 1. Longitudinal changes of Salinity, S. S
and Chl. a (the yearly averaged value)
at a depth of 0 m (e), 1 m (m), middle
(a) and B—1m (©) layer.
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Fig. 2. Longitudinal changes of nutrients (the yearly averaged value) at a depth of
0m (e), 1 m (=), middle (a) and B—1m (o) layer.
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3.2.1 DIN KU PO,-P OZ B

DIN O IR ESE Mo g — v ZRUIZ, BB,
Om~FEE T St 1 o 5 DIREHCHE - THAL,
B3 BEE-> CTIETLUIZ, UL, B—1mEOD
DINiE, ABL OB (St. 126D, 8t.5 TREHE
B -1z, TRbDT e, DINDEEL TR
105 fH8 S NIB AL ET % & AT, EiRe 6 OBH
T b KARIZENRL T BT &R LTV S,

PO;-POSJHIEDINED LR -THY, BIRLS
BEOBODIZEAELL, St.1~4 ki TRET
BT rES. SOSMITELL T, £z, B-1m
B2 8t. 2, 4, 5 TEEPEEFRESTRLIL. LhbH0
T &5 POs~P b DINFE, EREK NERL>S DIEH
T & THBS DTV AREESHEE I NI,

UP»UB—1mE TODIN &DHED 5, PO-PO
Fhs, BER> & ORI U TERY b ORI K
XNHDEEALND,

DXL, St. 3 OFMERIN, P BE(FHEEHE) 0%
B3 MH%RT (Fig-3). DIN, PO-Pi3HETEL,
EBEEBTEL L, TED, BRLOER SRS
NTLABREBTED NI,

3.2.2 POM(PONK U POP) OEERE

POM®D L, H3Tld/e < Chla i X HLIL
T (Fig 1, 2).

DXIWCPOME Chl.a DWLTE FEd>-728t.1~4
DFE[E (0, 1mE) KT 3, WMEOBREHIRT
(Fig- 4). 5 7, 10 A, FZEOMicED S

N (mg/1)
0.2 0.4 0.6

DON

DEPTH (m)
(o)
i

PON

KEJNFA SO KERB R CET 20 (F28)

Aol ZHUCL T, 2 BI3WHE & $ 2RISR TE
{, NTUERFEFOUF T, PTRENID PR
(B & ARG LIz, CAUIE SRR IKEDERZE
BLEHIGLTLB $DEEALGND. DL I POM
ORTETIZ, YT 57 b o OBESEEREL T
BLEMBDD .

Chl. a5 0 & 72 2EEYRERD y tF1d, PONO0.03
~0.06mg/1, POP 0.01 ~0.03mg/l Tdh - 12235, T
NHEEM Ty b U LANCHFT S POMOEE %
FEHLTHBEDEEL HND.

3.2.3 DOM (DONRKI'DOP ) OEBFE

DOMODSHIIBIT X 58N /hS <, B (0, 1m
BIDSt. 2 H BT 3 TH L AHEHENALNIZ(Fig.
2). 0, Im/BODONIL, St.1 TEL 2~ 40T
URL o 128 5 10> » TR LT A A5,
Chl a @437 (Fig. 1) {WHELIL Tz, —JF DOP i,
St.1 TEL, 3 %2FL EMEVIRAT THRLICET L
7.

DOMIZEE LTI T T & b o Okl & Sffic &
DHHAIN DS, REBTIIELLDFSL LD K&
WELDbNTHEY, C L TELNIEREN S, DON
T, EWEY TS o b o OHE & SRIT & B BN
KEODIFL T, DOP TIZWlHD BESEHLN T
LD EHEINS,

3.2.4 TN KO TP OZEHHE

TN, TP ©OZE)Z, DIN, PO-PDOZ& 3 IZAL
ThbH, St 1 »EHMAENIAT THS L (Fig. 2).
Zhid, NOEEIE POM, DOMIZHEL T DINDE

P (mg/1)

0.02 0.04 0.06
L 1 1 )

0 ™
- |[poP
2 POP

DEPTH (m)
1

DIP

Fig. 3. Vertical profiles of nutrients (the yearly averaged value) at St. 3.
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Relation between surface (0 m and 1 m layer) Chlorophyll a and POM
(PON, POP) at St. 1, 2, 3 and 4.

e: 26. May, m: 24. July, a: 21.0Oc-

tober, o: 16. February. Regression lines are drawn for the equations:
(a) (PON)=0.012(Chl. a)+0.031, »=0.97, »<0.01 (May),

(b) (PON)=0.010(Chl. a)+0.056, »=0.96, $<<0.01 (July),

(¢) (PON)=0.007 (Chl. a)+0.041, »=0.99, »<<0.01 (October),

(d) (POP)=0.0008 (Chl. a)+0.027, »=0.76, p=0.05 (May),

(e) (POP)=0.0008 (Chl. a)+0.023, »=0.97, #<0.01 (July),

(f) (POP)=0.0005(Chl. a)+0.014, »=0.70, p=0.10 (October).

» AHEZEB KRN &, POEAIZPOP, DOPO%EL L
BPO-P B LT/ HIVC EEBRL T 5, Fig
52 0 m BOZRER N, P #E (F RS ) DRlAI
I BE(ETRTY, LML b ZORTFUB L D05,

¥, St.1&5 ETOmEORRERIN, PRE (FH
W ) 2HE L1z (Table I1), TN, TP @ A o3
#1/3~1/21t3L T, DIN, POs-P Tid#91/10 &,
DIN, PO -POENHFIEEGBREPo 2. LDOTE
25, AARZEGRLVRRRIGETS L TOMIKBWNT,
SEEEREIRIIBENAREG LS N, By TS5 s
COBBETL > THIRP LT DL HEEIN D,

St.1& 57T, TN, TPHIC 58 3EERIN, P D
FRE S (AERSEE ) i\ T i % f7- 12 (Table 1),
St 1 Ci, DIN, PO,-P50~80%, POMI0~ 30
%OERTdH- 12DIHL T, St 5 T, AIE 10~20
%, 1%ES0%E, MEHAES ISBRESIRIA & O M THLARE!
BHMEEL T, 0 & 5 icHkRks &t @O
WHRA UTc R RESSEI, BAHROoBETEELT
POM TR LU TR L, PIRRAERE DY EIE
BY A 2 VIZiZ s TO LTS ED NI

0, 1m/@7Tit, TN, TP, DIN, PO,~-P, POM ¥

BRI & B8O DA S NIzhs, FRBLIETIZENE
LIty 12 (Fig. 2). Chud, FOEOKESERNTD
D A RASIC L WKBOREWEFETH O, RE
HE S EHRORICESINZIHEELLND,

3.3 REEBOREEIL

3.2 THREEEOFE, ASHEBRERRET AT
LiREh, WISy 05Xy, FEERED
FREZ LASIEC » TV ABEFMAbNL. LT, K
FIE EES & OBGR 5, BREACEIBLTSE
DD BT, FEEROEBEMC OV TR
FRfTo1.

%79, FAEDME% 2 %, EEEKOESE %2 35%
L, BB 3¥EKPORKER (C%) %2, 2 (1
—a/35)X 100k hRDIZ, DXRKBEK (Om/E)
Friz T, ARk & REREBOSL 1 I T5 2
~4DPEHZRD, EHO2ER% 7oy FLIZ (Fig
6). MFEOYRFO0 L, St. 1DEFERRDT. %/, ¥
ik, BOKROHEFEE OB 1 DE & FE 2o
THEDH, EHEEBEOFREEEVEL Tortud, &
A2 o LicE BT TH B, L OB DSBS ER
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1.0
0.08
0.8
0.06 -
= 0.6} =
& % POP
E £
~ 0.04F
Z 0.4t Y
DOP
0.2 k 0.02 |-
PO4-P
1 1 1 ' 1 1 1 A i i
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Fig. 5. Longitudinal changes of nutrients (the yearly averaged value) at a depth of
0 m layer.
Table II. Surface concentration of nutrients (the yearly averaged value) at St. 1 and 5.
TN DIN PON DON TP PO4-P POP DOP
mg/1
a) St. 1 0.91 0.72 0.08 0.11 0.075 0.035 0.023 0.017
b) St. 5 0.31 0.06 0.13 0.12 0.036 0.004 0.020 0.012
(b/a)x 100 (%) 34 8 163 109 48 11 87 71
Table IIl. Surface percentage (%) of dissolved CEBILTH Y, MAEOHIIZEDHABEER¥H B &
inorganic nutrients, POM and DOM RigRLIchs, CNbEELGDEDE, DIN, POs-
in TN or TP (the yearly averaged X . .
value) at St. 1 and 5. POBHSBL, EYTS 7 b DR AT S
POMANODEREEO e b OERBEHED T 5 EWVA
DIN PON DON POs-P POP DOP % »
St 1 79 9 12 47 29 24 DOXIZ, St.1&4D0m BOEFEHUIZRKE,
St.5 19 42 39 11 56 33 DIN, PO,-P @& 5 (Table IV), mFEHCHAL
IZDIN, PO,-P D5 b, HREARE VBT HEL,
s, BBy bR DIEBEINDR SO HROHEES
$£9'TN, TP TAHIZEE, SRIRREREAERZHO HAT,
Wt UREEOES® Uiz, 2hiedL T, DIN, IO Z BET A, BKEBEEIZ4HZEDL TEY,

POs-P Tid, SHIITCREESL b TiegdEL, B CNOHERBAR I TP ULREIGEZRLTVD, £
G UNDOER THBINTO 2FETFHEZT s N HITH LT, DIN, PO-PiRIET0%HALLTHED, T
3, POM CiIFTEBEAHEBL b ITHHEL, BEER N> 6 45% 2ZEUB [N IZERD D 25 %3, BT IV
THEMUL TN B EMBBEShIL. ZhsDOERD 5, Ptk O EBINIEEE LD, INLDTLEND,
BEEH S S ~HRA LI DIN, POs-P i3, HFRES WOEICHEA LIZDIN, POs-P i3, HREARIMED
LISHZ POM~DOREEIGT & TRAT B L &b 750y b OPBRRE OB LT, HEOHE
3. 3.2.2Tid, REKBOPOMDEENL Chl. a & 321 ThBHT LMD,
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1987 to March 1988.
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Relation between surface fresh water concentration (C) and nutrients from May
Each values represent the ratios of St. 2, 3 and 4 to St. 1.
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KENR RO KERB R B 555 (S 28)

Table IV. Removal of dissolved inorganic nutri- Table V. Comparison of estimated nutrients
ents loading in estuary of Ohta River. load between two methods.
Fresh water pyy PO.P This study Calculated load*
conc.
t/day
. mg/1 mg/1
% g/ g/ TN 11.0 9.50
a) St. 1 67 0.72 0.035 TP 1.0 0.97
b) St. 4 37 0.21 0.011 ) -
) d) d) % : Estimated with basic units of residential, industrial
(1—Db/a) X100 (%) 45°¢ 71 69 and agricultural pollutant loadings.
d—c (%) 26 24

34 PEEEORWE

SZHEITONT, B, TN, TPOLBEOERGESE
2R, HSETN, TP & OBEFR (Fig.7) %5, TN,
TPOHRAGREDHEE 238572,

FEREESL 12D & TN, TP &k, ZhEFhAD
BAREARE 22 b HEEERES H< (=099, —0.94), TN,
TP HiEeEs b INTN B L Esbh b, KEFE
BRODIEST 0 BT BTN, TPRERMD x t15 55,
LEBERKRODNy 2 75 v BB 22 LB, L5
ECFRA T BHEIIZKAOD TN, TP OIS 2 B 0MEE
Tx 3, &y{Hiz, TN 1.8img/1, TP 0.167mg/ !
Thoiz, %12, TN, TPONy 7 75 0 FEELTE,
FER B U EE LT Eh i KB %R T8 SR R
BHEDIE (BRI62ERD ERNETSE ) 2R,
zhickB&, TNO.2lmg/1, TP 0.020mg/1 Th-
tz. TS DFERD S, RIIKAORHEE L LT,

0.8
S
ol
g
=
a
L 'y L
22 24 26 28 30
S (%)
Fig. 7.

mean value) at St.1 to 5.

TP (mg/1)

TN 1.60mg/1, TP 0.147mg/1 o Ntz. L L, C

N6 DfEIR, RO KR FREKENED, TNO06
mg/1, TP 0.03mg/1% & s 3 & 49 3~5 f57L.
COEABEEHEEDX v v i, FREKEL O TH
b BILETTHD b DEFR EERIKDHRARRIC
IBEDLHEING,

DXL ORI U TR ICRENDO G TN, TP
BE L, FEYALFIEOXRNIIO R EEHRE ( KO8
— AT OREN ) OV 2ERTL I HER (795
md/sec) 2T RDRB L LILXH, TN, TP OAH
BaE L, BRIt 5 80 Hi% 7o 12 (Table
V). AFEEHLHEEINICAREIT, FHEAERER
LT, TN16%, TP 3%DEAFHETH- 12,

4 T & B

BRSSO TKERE 2fTo 10, TORRELELD
BEDEDEBYTH %,

0.08

0.06

0.04

0.02

24 26 28 30

S (%)

22

Relation between nutrients (TN, T P) and salinity (the yearly averaged vertical
Regression lines are drawn for the equations: (a)

(TN)=-0.052(S)+1.81, »=—0.99, (b) (TP)=-—0.0046(S)+0.167, »=—0.94.
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1) AAET SRR, B sOHALER
D EDBEHO D OEMTHIEIN 5,

2) WRAEIIRHA LI ESER R, B A5 &
W75 o b o OfERIC X ) P RIS
L icHe, Mé s TR CHED > THREL TV & P95
HEREEDMEIREY 4 YT A - T4,

3) AOMICFA LSRR EEL, L UTHERE
ARTEY TS o b DOEBRI DB LT LD,
MBEO LR 2 &1 LiEEI N

4) KA|»6EEB~OREHMAGMNERIL, TN
11.0 t/day, TP 1.0 t/day & #EES NIz,

B, —EoRE/IHSEEita 2R o0,

BRATREM T RRRAE LR EEROERC FE L

#7,

£ &
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e i HBRREE v 4 —Disms, BiEh
AAKEES S, MESEL) —X 30, KEDERE
A& B, [EEHEER, 23pp. (1979),
HEE—BE. AR, EMEHRE, Basty hET
ERHBRFTES, 31, 23pp. (1988),
EABEES, JIS K 0102-1986 THEEKH
J3H:, 30 pp. (1986),

PEEAH, [ERrcEEMES, 36, 103 pp. (1975).
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