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Studies on the Coastal Oceanography in the Vicinity of
Fukuyama, Hiroshima Pref.

I. Distribution Patterns of Temperature, Chlorinity, pH and Inorganic
Nutrient (Phosphate-P, Ammonia-N, Nitrite-N, Nitrate-N) Contents
of Sea Water in Early February, 1968.*

Haruyuki KOYAMA and Hiroshi OCHIAD**
Department of Fisheries, Faculty of Fisheries and Animal Husbandry, Hiroshima University

(Figs. 1-8; Tables 1-3)
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Fig. 1. Observation stations and tracks.
O Stations occupied by “Kamome”, the motor-boat.
® Stations occupied by the training ship “Toyoshio-maru”.
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Fig. 2. Predicted tidal curve at Kasaoka on the observation days with indications
of the time each station was occupied.
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ammonia-N : %K% 4 R —20° Cic e Lo A K LM X, Strickianp and Parsons2 233838 LA f
HBTT v =7 2 EEIRCIRE - B, 543 mp TREELRIE L. R ORKIIFOHE S 1.

nitrate-N : FEOBEHE I WA KEEE L, Morris and Ritey D Cd 7= H 4 « 5 A H5H
B2 CRLEL, REXe, 543mp CRBELHIE L.

BEFEE LD EOSEEK - e KieoWT, Knupsen OREEERTEEDE CRIE L, FRAKUSBICRKE (B
V=5 v vBoOMOoR) T BIEAE VR LAEIVWREBHELA DB LL, FBLLBVOTERZB:
BAENDHY, ThbixktLE.
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Fig. 3. Distribution of surface water temperature at high water
(Feb. 3, 1968) and low water (Feb. 4, 1968).
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Fig. 6. Distribution of PO4~P and NH,-N contents of sea water at
surface and 5m depth at high water (Feb. 3, 1968) and low

water (Feb. 4, 1968).

The white bar and the upper numeral represent the value at
surface; the hatched bar and the lower numeral represent the

value at 5m depth.
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Fig. 7. Distribution of NO,-N and NO3-N contents of sea water at
surface and 5m depth at high water (Feb. 3, 1968) and low
water (Feb. 4, 1968).

The white bar and the upper numeral represent the value at
surface; the hatched bar and the lower numeral represent the
value at 5m depth.
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W AR K X MET, B FEOROE I O X5 KB H D EHEZ HNE TR,

EFE : BERO L 5 /W E TORKDIIN LD DA D - T fotd, REHROE AT » oK
SWTREERERCEENG TR TR TN DD, o T Fig. 4 WRL0 mBOFERESMIS
ERECTR - R EAETH S, 8 mE LU LEORKDEFERIT LM HIE I hTH v (Table 1~2),
FOMITE LMD St. 13, 14 THRLEL, 3 B 18.62%, 4 HFEIFE18.58%Th b, BRIV
St. 5, 11 DEERIZZH X 10.03~0.07% 73T EDs - 7.

pH : FBILATT & FHERT T8 2R DEMA R b, ThixdE e LT, RILATLE K S h 264k
SR THOBmMEREKCERT S L#HEShs (Fig. 5). MO KK TIE8.2~8.3ThH 1. Tek4EOD
FEE ORI, -\ 0.05pH L% x huidis b,

phosphate-P : BIHOK IS OB & ClBERE D HOFE 1 hvd B 0.3 pg-atom/l BEEC, SEZEDI - T
e L BE LB UL b o o (Fig. 6). HHERTS X ORRILAIL TR BN 5 3 K UKL pg-atom/1%
oSk L7c.

ammonia-N : B3 7oK ClX AR OB 2Bk 20.4~2. 1pg-atom/l DEARIE S h, LB LD 5 mfEa
EfEA R EIR i, A phosphateP X 0 d{EDEFIH K X h o 7o (Fig. 6). FHEJIA X H1~2km
ORI EOERBAKIL, FOMME X VBENCEVEYR L, FHENS LOGILUAIL TR BARH - TRB KD
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Fig. 8. Changes in temperature, chlorinity, pH and nutrient contents
of sea water at St. 4 in relatien to tidal phase on February 3
and 4, 1968.
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FHERT « BIUAILOEBKIZ0.2 pg-atom/] [ (BT AILORIC0.96 pg-atom/1) T - 1= (Fig. 7).
nitrate-N : EEKZ O\ Tix EZED nitrite-N LT, KfFics\C, Bk (0.2~0.6 pg-atom/1),
A R1~2km(0.7~1.7 pg-atom/1), FTER]T « FFILUAIL(2 pg-atom/l LI E)D 3 B X PIT X /e,

PLEZEHTHE, SEORMORE TSR LORKOSIEE LS &, FES - BILAL oK (2
EWCERBAK) OFEIRE LEEROWTRICHBHETH D, KR Z OXIMOKIFIHAE IR TV S
CEMRBER T, St 18, 14 I FRR foKiRE, AHEII RO RERBRTHED X 5 BRI
WKEDER KR & T 5 &, KRB ICHEELME L, ammonia-N, nitrite-N, nitrate-N (& H)I| 0T
HAEETH 7. FHEXEOZ O XS B AT IIKORAL LEETT TRETETHD,
HFEER IOTIKEDOBRNEL T, OBz DBEEXTVLL
2 St 4ChlFIREERBRAOKSR

Fig. 8 R % X 51, 4 BFIOTER L, O X003 MR b~ T, REKIMER, EfE5, EpH T
ammonia-N, nitrate-N OEEREN 5T-DL, X XO0—BWEAITIERI WoKESfMir bR T, \UA
LOHEEI N ANTFEEC St 4 E~HEIE L TR D LHEEI D,

721 LT EF# 0 FEERIcI, FEBAOEFEEI WY L ammonia-N, nitrate-N 2543500 X 5 7%
HEAY 5 s (f 1 15K-445> ~17H5305 DFRA), TEILATLS DK DA A R 3 5 7o b DFEE BRI
3, PSR R X OBNHELY S DICRFT A LERD D LE X bR,

3 EFRNA/ VRS EOBECDONWT

LEOBEHRIC B A EERRED L O BRI Mm% 2 VEMELDH S, TORBOIHTITET
5m&8vRg L —3 L, St. 1~4 113F /7 Y oA ECERE S hic (Fig. 1), St. 2, 3 TORBEKOXKEE
(RS 3RED F » FMHE L VI E - e 2 LT CTRIEM LICE D T, EHERET -2 L5KD
REMAT R R FRES, BEID SER IR BKOFBEC L 50 LHEEI NS . EERNETT - 7 St.
[OF 2 VPSS TE,  BLNAEE (IBFI426E12 [ ~436E 2 B o), 7 U k0 A RFEE SO O S
DUREET L, 7 VEZIELWARFZREY Z 5 rs Cie, SENIE Shvic 4 BoREEBI LT St
4T3 St. 2,3 X HBEThTnD, EEOETORERE LUIRLAIL L UBHERTOKIEL HHH L
TEAFEB S ik, AEMERTFAE TR TORTREENE 2 bh s, ik, ZOBEOHEEDR
WEEK OKES YT, HERISE P « [T 5O TRAS DICRETH D LF 2 bR,

P ik

1) GRaGR) : BEBRIEST, 252 pp, AAWHSES, HIX (1956).
2) SrrickLanp, J. D. H. and Parsons, T. R.: A Manual of Sea Water Analysis, Bulletin No. 125 (2nd
ed., revised), 203 pp., Fisheries Research Board of Canada, Ottawa (1965).

SUMMARY

In the coldest and driest scason of the year (i. e., February 3 and 4, 1968) measurements were taken
on water temperature, chlorinity, pH and phosphate-P, ammonia-N, nitrite-N and nitrate-N contents of
sea water off the estuary of the Ashida River, occupying 14 stations both at a high and a low water.

The water temprature was within a range of 6-8°, its vertical variation being very slight reflecting
the vertical circulation of water due to convective cooling. Chlorinity also demonstrated a slight
vertical variation due to the same cause in all places except in the close vicinity of the river mouth
and in the waste water discharged from a chemical plant. Normal pH values were encounterd every-
where except in the vicinity of the chemical plant where values as low as 2.4~8.0pH were measured.

Nutrient contents of sea water were low in the offing, and somewhat higher near the estuary of
the Ashida River, and abnormally high in the water samples affected by the waste water from the
chemical plant.

Possible effects of such distribution patterns of sea water properties on the cultured laver were

discussed.



Table 1. Observational data at high water: February 3, 1968. N
Soundings We;ither Wind Oigrs]erva Water Chlorinity PO4-P | NH4-N |NO,-N | NO;-N
Station Time (m) & |&air temp.| direction depth temp. pH Color of sea
*Tr (m) | (°C) & force (m) &(®) (%) (pg-atom/1)
F 1019 2.7 0 10.05 2.41 1.93 89.4 0.15 64.5 | Dark reddish
%0.4 2.5 7.8 17.29 6.45 | brown
E 1046 5.2 0 7.40 17.14 7.5 0.87 36.1 0.96 16.8 |Yellowish dark
*0.9 4.5 7.56 17.95 7.9 green
D 1108 2.6 0 7.56 17.90 7.82 0.61 27.9 0.52 10.7 |Brownish green
*1.4 2 7.48 17.98 8.1 .
7 1457 6.5 c NW-1 0 7.72 17.70 7.4 0.81 36.5 0.66 13.7 |Brownish
*... 5 7.52 17.95 7.8 0.75 27.1 0.34 5.87 green
6 1444 11.5 0 7.68 17.88 8.05 0.48 30.7 0.33 3.27 |Dark green
*... 5 7.52 18.44 8.15 0.56 60.7 0.25 1.14 o~
10 7.52 18.45 8.25 é_
5 1421 17.0 be NW-1 0 7.44 17.97 7.9 0.67 12.5 0.30 2.65 | Green o
*... 5 7.32 18.51 8.15 0.36 10.1 0.21 2.50 QD
10 7.40 18.51 8.2 .
15 7.24 18.54 8.25 o
4 1402 7.0 ¢ NW-1 0 7.24 18.05 8.15 0.41  6.65 0.19 1.06 |Dirty green »
*... 5 7.32 8.2 0.39 8.53 0.14 0.46 i
3 1342 9.0 c NwW-3 0 6.99 18.52 8.2 0.31 2.86 0.06 1.17 |Dirty bluish
*... 5 7.32 18.50 8.12 0.30 2.77 0.09 0.30 green
8 7.24 18.56 8.25 .
2 1329 10.0 c NW-3 0 7.24 18.54 8.25 0.30 6.27 0.19 0.67 |Bluish green
*... 5 7.36 18.54 8.16 0.28 2.47 0.09 0.28
9 7.36 13.58 8.25
1 1313 6.5 be NW-2 0 7.56 18.54 8.25 0.31 3.49 0.12 0.54 |Bluish green
*... 5 7.56 18.63 8.16 0.30 1.80 0.20 0.89 ’
16 1310 19.0 0 7.75 8.25 0.28 1.71 0.0 0.48
*3.0 5.5 5 7.55 18.59 8.25 0.42 1.96 0.08 0.09
10 7.55 18.57 8.25
15 7.55 18.58 8.25
15 1336 19.0 0 7.95 18.53 8.2 0.30 0.82 0.0 0.32
*6.0 5.8 5 7.85 18.59 8.25 0.30 1.64 0.02 0.67
10 7.45 18.62 8.25
15 7.50 18.59 8.25




14 1351 13.5 0 8.00 18.62 8.25 0.33 1.08 0.06 0.57
*6.0 5.3 5 8.00 18.63 8.25 0.30 2.88 0.03 0.04
10 7.95 18.62 8.3
13 1405 16.0 0 7.95 18.59 8.25 0.31 0.21 0.0 0.19
*6.0 6.0 5 8.00 18.59 8.2 0.37 1.36 0.08 0.40
10 8.00 18.62 8.25
15 8.00 18.62 8.25
12 1421 14.5 0 7.90 18.56 8.25 0.31 0.58 0.02 0.54 e
*5.5 6.1 5 7.90 18.56 8.2 0.30 0.70 0.07 0.53
10 7.87 18.56 8.23
15 7.85 18.56 8.25
11 1436 9.5 0 7.15 18.50 8.25 0.30 1.02 0.05 0.78
*4.0 6.0 5 7.08 8.25 0.22 0.58 0.02 0.10
8 7.05 18.55 8.3
B 1440 8.0 0 7.13 18.55 8.25 0.31 0.35 0.03 0.39
*3.0 6.0 5 7.15 18.55 8.2 0.25 1.67 0.17 0.66
C 1450 6.5 0 7.05 18.55 8.25 0.31 0.43 0.15 0.18
*3.0 5.7 4 7.06 18.57 8.25 0.30 2.95 0.03 0.33
*Tr Transparency in terms of Secchi disk (30 cm dia., white) visibility.
No data.
Table 2. Observational data at low water: February 4, 1968.
. . Observa- . T 1 -
Soundings [Weather Wind tion Water Chlorinity| PO,-P !NH,-N | NO,;-N | NO;3;-N
Station Time (m) & |&air temp.| direction depth temp. pH Color of sea
¥Tr. (m) | (°C) & force (m) (&(®))] (%) (pg-atom/1)
7 0716 3.5 b N-1 0 7.24 15.60 7.10  0.64 648 1.12  17.4 |Reddish brown
6 0732 9.0 b 0 7.48  17.24 7.9 092 825 0.65 13.8 |Brownish green
*... 5 7.40 18.48 8.25
8 7.40 18.52 8.25
5 0745 14.0 b O 0 6.79 17.50 8.18 0.64 45.3 0.49 3.98 | Yellowish
*... 5 7.40 18.46 8.23 . green
10 7.40 18.55 8.25
4 0801 3.5 b O 0 6.87 16.06 8.15 0.47 43.1 0.30 2.10 |Light green
*... 3 7.44 18.52 8.25 0.23 9.64 0.20 1.97
3 0816 6.0 b Ww-1 0 7.24 18.32 8.2 0.34 10.8 0.25 1.69 | Yellowish
*... 5 7.48 18.53 8.3 0.33 2.58 0.16 0.14 green
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2 0828 8.5 Ww-2 0 7.07 12.91 8.18 0.39 8.84 0.24 1.42 |Dirty yellowish
*.. 5 7.44 18.58 8.25 0.33 1.37 0.18 0.41 green
1 0845 4.0 b Ww-2 0 6.65 18.25 8.25 0.25 .00 0.06 0.21 |Yellowish
*.. 3.5 6.75 18.58 8.23 0.34 1.61 0.15 0.71 green
16 0834 8.9 0 7.05 16.76 8.28 0.31 0.44 0.12 0.35
*4.0 5 7.10 18.56 0.28 0.99 0.21 0.65
8 7.12 18.56
15 0823 9.5 0 6.95 17.46 8.2 0.27 1.38 0.17 0.63
*3.8 5.5 5 6.98 18.55 0.23 1.80 0.09 0.82
8 7.05
14 0812 11.2 0 7.30 17.60 8.25 0.27 1.07 0.09 0.23
*4.0 1.5 5 7.35 18.54 0.27 2.12 0.17 0.07
9 7.40 18.57 .
13 0800 12.5 0 7.00 17.89 8.25 0.27 0.84 0.09 0.17
*3.5 1.5 5 7.05 18.58 0.28 1.49 0.11 0.26
10 7.10 18.59 .
12 0749 15.5 0 7.00 17.39 8.25 0.25 0.54 0.09 0.38
*3.5 2.0 5 7.00 18.58 0.28 3.36 0.10 0.05
10 6.90 18.57
13 18.58
11 0734 6.8 0 6.85 18.55 8.25 0.23 1.28 0.10 0.42
*2.6 1.0 5 6.95 18.56 0.34 1.63 0.12 2.27
B 0721 5.2 0 6.20 18.34 0.30 10.7 0.23 1.75
*3.0 0.8 5 6.25 18.53 0.30 3.27 0.13 0.0

*Tr Transparency in terms of Secchi disk (30 cm dia., white) visibility.
... No data.
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Table 3. Observatiocal data at St. 4: February 3 and 4, 1968.

| Soundings | Weather &  Observation| Water ¢y | PO,-P | NH,-N|NO»N | NOy-N
Time | i(tn':?dﬁ levelEi zv(;?:iection i depth ‘\ temperature’ pH . , Color of sea Note
! i o w 9 . .
T Cdtoree) | m) | (o) | W (pg-atom/L)
February 4, 1968 1 - |
0930 | 3.7 ; 0 7.07 18.29 8.2 0.45 12.6 0.28 1.83 Data at 0801 (§tidal
| £ 0.81 ‘ 3 7.40 18.47 8.25 0.36 3.07 0.31 1.07 level 0.7m) in Table
! 2.
1030 ‘ 4.3 be : 0 6.43 17.74 0.47 8.99 0.24 2.82 | Dirty green | Low water at 0833
} £1.35 Wsw-2 3 7.40 0.31 3.61 0.19 (#)tldal level 0.64
; m).
1130 4.9 c 0 6.99 17.45 0.52 8.32 0.25 2.01 | Turbid
¥ 2.06 NW-2 3 ! 7.44 18.55 0.31 6.13 0.18 0.41 green
1230 5.5 [§ 0 7.07 18.07 8.15 0.44 7.36 0.13 1.68 | Turbid
£ 2.78 NW-3 5 | 7.4 18.43 8.2 0.34 2.60 0.23 1.50 green
1330 6.0 be 0 | 7.32 8.2 0.31 5.03 0.16 1.45 | Green
#3.35 NW-2 5 i 7.40 18.55 8.3 0.25 3.17 0.16 0.38
1430 6.0 0 7.40 8.18 0.33 4.17 0.11 0.79 | Turbid High water at 1440
£3.60 NW-2 5 0 7.40 18.3¢  8.18 0.25 1.46 0.15 0.8 | green (#)tidal level 3.62
, m).
—_— 1 !
February 3,1968 ] “ i
1544 6.0 c 0 ‘} 7.4 18.33 8.15 0.39 9.94 0.26 1.48 | Bluish High water at 1350
#3.23 NW-2 5 | 7.32 18.47 8.15 0.36  12.6 0.16 0.87 green | (# tidal level 3.92
! m).
1632 5.5 c 0 7.4 18.38 8.15 0.37 7.30 0.21 1.28 | Dirty green | Data at 1402 (§tidal
£ 2.66 NW-3 ‘ 4 | 7.36 18.39 8.09 0.33 6.26 0.20 0.88 levgi 3.90m) 1n
! Table 1.
1729 5.0 be ‘ 0 7.32 18.57 8.1 0.43 1.54 0.26 0.04 | Dirty green
£ 1.86 NW-1 | 4 : 7.32 8.2 0.37 6.73 0.27 0.83

.&H‘idal data in this table refer to

predicted tide at Kasaoka.
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