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Variations in the quality of the coastal waters
during recent 30 years in the Suo-Nada region off Yamaguchi Prefecture

Akihito WanNisH1

The quality of the coastal waters was monthly investigated in the Suo-Nada region off Yamaguchi
Prefecture from 1973 to 2003. The long-term variations of the parameters such as transparency,
dissolved oxygen (DO), dissolved inorganic nitrogen (DIN) and phosphate (POs-P) were analyzed.

Generally speaking, the water pollution in this area by plant effluent and living drainage have been
gradually decreasing. For example, transparency and DO concentration at the bottom layers showed
tendencies to increase or level off, while nutrients concentration and chemical oxygen demand (COD)
showed tendencies to decrease or level off. Chlorophyll-a concentration in the surface layers, which
represents the primary productivity of the waters, has also decreased. From the remarkable decline
of the recent fisheries production, the present quality of the waters in this area may be relatively
poor to maintain successful fisheries industry. Therefore, we should continue to make thorough
investigations and discuss what are the suitable conditions of the waters for fishery in this area.
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Fig.l. Changes in total catch (x 10° tons) of fish and
shellfish in the Suo-Nada.
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Fig.2. Sampling stations (squares, St.1~22) and divided zones (I ~IV). closed squares, stations
investigated from 1973; open squares, stations investigated from 1981.
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Table 1. Location and average depth of each sampling station. Latitude and longitude are shown

by World Geodetic System

Station Zone Location Depth Station Zone Location Depth

No.  No. LatitudleN  Longitude E (m) No.  No. [LatitudleN  Longitude E (m)
1 I 33°58' 48" 131°25' 09" 8 12 m 33°59' 36" 131°50' 39" 10
2 il 33°58' 06" 131°22' 15" 9 13 m 33°57' 54" 131°45' 09" 30
3 I 33°54' 24" 131°17' 15" 9 14 m 33°59' 42" 131°46' 09" 15
4 I 33°54' 06" 131°13' 03" 9 15 m 34°01' 10" 131°48' 16" 12
5 I 33°57' 24" 131°08' 51" 7 16 m 34°03' 12" 131°44' 15" 8
6 v 33°50' 18" 131°21' 03" 27 17 m 34°02' 30" 131°42'03" 11
7 v 33°50' 36" 131°31' 09" 33 18 I 34°00' 42" 131°36' 51" 13
8 v 33°51'24" 131°43' 21" 44 19 o 33°58'36" 131°31' 09" 17
9 v 33°51' 54" 131°53' 45" 38 20 I 3400 12" 131°29'27" 10
10 m 33°54'12" 131°57' 45" 33 21 I 33°58'48" 131°05'21" 6
11 m 33°56' 54" 131°53' 15" 23 22 I 33°59'12" 131°03' 21" 7
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Table 2. Changes in number of sampling stations, measuring methods and vessels

Year No. of

Measuring method

Vessel

stations Water Temp.

DO™

Nutrient cop” Chl-a™  (gross tonnage )

Salinity

20 stick ther

1973

Winkler method manual analysis alkaline method

MIDORI (18.21t)

1974

absorption spectrometer

1975

1976

1977

1978

auto

1979

1980

1981

1982

1983

1984

1985

1986

1987

SETO (40.25t)

1988

1989

SETO (33.83t)

SETO (30t)

smtl STD"‘l

1999

2000

2001

2002

*1 Salinity Temperature Depth recorder.  dissolved oxygen.  chemical oxygen demand. * chlorophyll-a.
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Fig.3. Changes in salinity (psu) in each zone. Thin and thick lines represent the monthly values
and 36 months running means, respectively.
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Fig.4. Changes in transparency (m) in each zone.

Thin and thick lines represent the monthly values
and 36 months running means, respectively.
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Fig. 5. Changes in dissolved oxygen concentration (DO Conc.,, ppm) in each zone. Thin and thick
lines represent the monthly values and 36 months running means, respectively.

SDO (%)

Fig.6. Changes in saturated dissolved oxygen (SDO, %) in each zone.
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represent the monthly values and 36 months running means, respectively.
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Fig.7. Changes in dissolved inorganic nitrogen concentration (DIN Conc., umol/L) in each zone.
Thin and thick lines represent the monthly values and 36 months running means, respectively.
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12 [] 12 6
8 I 4’ 8 I + 4
. 7 " 2 M | AU 2
N , W, o LMY .
7 78 1Y) L) Y] . ) 7 L0 - . w ve o
8 4 s 4
I I I
4 II | | 2 4 I 2
: s 3 T ettt ¢
éo WW t oééo ~ h s ; ~ o 3
5 m 78 LY 08 w v w 3 i 7 78 LS . s % © g
= s 4§~§o - “ 8
m 5 3
§‘ T R L 1 1,5 ¢, T | 1, 3
: R R R RSN
fo ogfo A A ; o,g.
z 8 L) w8 » ) ©w § oz ™ 7 £ .- 1Y) .8 w
§a 42 8§ 4§
' £ 2 \'f J s
4 | 2 4 ul.;w PR . N 2
73 78 ‘83 ‘88 ‘3 ‘o8 ‘03 73 78 83 88 ‘3 ‘88 ‘03
8 4 ) 4
whole whole |
4 Il 1 4 JII 2 4 L. ull-\ — 2
R g lan S LAY W
7 78 ) a8 ) ) w 73 78 £y ) ) e 03
Surface ' Bottom
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lines represent the monthly values and 36 months running means, respectively.
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represent the monthly values and 36 months running means, respectively.
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Table 3. Tendency*! of variations in each parameter at surface and bottom layers

Surface layer Bottom layer
Parameter Period Period
"73~'82 '83~'92 '93~'03  whole '"73~'82 '83~'92 '93~'03  whole

Salinity - . + . . . .
Transparency - +

Dissolved Oxygen concentration . . - - . . + +
Saturated Dissolved Oxygen . . - - . + . +
DIN™ conc. . - - - . - - -
( NH4+-N"? conc. ) . - - - . - - -
(NO2-N+NOs-N" conc. ) . . . . + - _

PO4+-P™ conc. - - - — - - _ -
coD*® - . . - - . . -
Chlorophyll-a conc. — + - — — + . .
Water Temperature 5 - + + + - + + +

" tendency to increase (+), to decrease (—) and to level off (*).
"2 dissolved inorganic nitrogen. ~> ammonia nitrogen. " nitrite and nitrate nitrogen. > phosphate. " chemical oxygen demand.
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Fig.13. Relationship between annual precipitation
(mm) in Shimonoseki (Fig.1) and annual average
salinity (psu) of both layers (surface and bottom)
in the Suo-Nada Region.

1%KETHE) BRORZ (Figls).

FRERBRICE > THIEVE 2B 12 LR
B CThorz. BHECHEY 5L ERDIOE L
T7S5>7 b ORERVELLRE . 22T, &

20
- =-0.787 n=116
: y=-2.608*Ln(x)+9,133
15 D
E I
g |
o 10
: . %0
: I
'_
5
(o]
March
0 I i
0.01 0.1 1 10 100

Chlorophyll-a Conc. ( pg/L )
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T, #Borsvou7z 4 vatoldE (Figld) ko
2L WMBEOHIZIEELZADOHE (r=-0787~ - 0654,
1%KETHE) BRON, HECBILIEBDY
074 V-aD@ BB T 2R L, EWE
BEBIZELL B LLTFHEENS,

KEAAEE" 2BV TE, EAEMCELSL R
ZTERBOBHERERIZ43ppm (30mL/L) UTFE &
hTwd, 22T, HFWBITLICINICEYTLEE
BRFELZEZ S, 1988ELRNZEBRI~N %2 H.LI2D
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50, REDFHEIRIBMITH o7, BT, WEHM
BREDPD [HEHRNEIEDoZ] LWHFEEZHIZT
Table 4. Number of stations observed low dissolved

oxygen concentration (bellow 4.3ppm) at the
bottom layers

Y Zone
ear I I m IV whole
1975~1988 2 10 29 15 56
(minimum ) (3.70) (344) (181) (285) (1.81)
1989~2002 0 1 9 7 17
(minimum) ( - ) (423) (213) (371) (231)
15
r=r0.654 n=116
y=-2.308*Ln(x)+8.449
R[] S—
PO
8
g
= 5
| October
0 L
0.1 1 10 100

Chlorophyli-a Conc. ( ug/L )

Fig.14. Relationships between chlorophyll-a concentration (u g/L) and transparency (m) in March

(left) and October (right).
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Fig.16. Relationship between dissolved oxygen
concentration (DO Conc, ppm) and phosphate
concentration (PO4-P, umol/L) at the bottom
layers during summer (from July to September).
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