
~{~H~tif¥G No23 31-38 (2005) 

fJ!l Sl'J ~f:ljH~~liV:f! t "/ -!9 

1:tl5Fl iii!!· fl~ ~)(* 

Environmental Investigation in Tachibana Bay 

Tatsuya DEBA, Takafumi ARlSAWA 

Tokushima Prefectural Institute of Public Health andEnvironmental Sciences 

Keywords : tii~ Tachibana Bay, ~lJl~'l!l: Environmental invstigation, *iIi Water Qaulity 

:k7J~~fJi Steam Power Plant, fflIif~ff:secular change, i.ffi\.tJ~* Thermal Effluent, 1Jt1fJ1 Diffusion 

2) i.ffi\.tJ~* f: J:.Q *1I-r 0)1°C L:1f:Qi*'2l.t.5~ IHI 0) ifjjf~H;t 

tiir~I;t*tj\O)Sl'J;ry~,~1:E L- T:8 fJ d < ;ryi GI\iIHBi:O)f'.cSl'J c L- T 8.1km 

mL- *.tl, !N91Sl'J*mll;t';ij[Fl\iiri$ji'fiji$~IE~IMIO)~5JIJtl!!~I:, 3) 9)(:* 0 fJi G*~300~400m~tlf,::i'fijifjj-r*~35~40cm/s O)mE 

*.t-:*$i'fij~I;t~Jmti!l~':f!,(lE~tlT~l.Qox~O).&~cL J* 

T, ~~~a mlj~~, v~~~••~, .~~••~. l:t,J:.Q c 'YljllJ L-T~ l.Qo 

1u-r'Jf:>.Qo 

~~W.~~i'fijL~JmO)~m£ti!lcL-T*~, ~~~if~ -t-'::-r:k7J~~fJi9)(:* D;ryi G*~1.2km Iimtl T:8 fJ:Qi t>1gtJ~ 

~~ ••~~~mlE~~ EM:k7J~.fJiO)••~E~i$jml *O)~. ~~lt~9~ 1 C mvtl.Q ~lJl£~,~St.2f::8It.Q

o)I.I*J~0)191L~cL- Trt§ ~~~, ~ G f:, -'¥-'*12iflll: JiN:JJH3~7 0 0 71 )v, *~:l;\[~~O)fflIif~ft:H,"J'l!l:L-t-:o 

f;t, ~1*J:Qi**1k0)l±l7J (3 £, 2807JkW) ~M'-.J~~E~:k (tii~'E'::-!9 I) "/ :t~'l!l:) 

7J~.fJiO) ••ffiOOM~tlf,::o '::O).~i.ffi\.~~.M-r.~~ *.t-:, ~I*J f::8 It .Q*tJiil.0)~W:Bat*-'¥7HI]f:-.J ~ 1 T~'l!l: 

.~.~~~9.Q~~~, d<~GI.OO~~W~.lJl~O) L-, r1fil.tJ~* 0)1Jt1fJ11Xt5l f: -.J ~ 1 T~'l!l: L- t-:o (tii~i.ffi\.tJ~*1Jt1fJ1 

~Wffi~~~tlT~f,::o '::O)~I*J:Qi**1kO)l±l7J~M'-.JE~:k ~~~'l!l:) 

7J~.fJiO)f$filJf:J:.Q~r;tgO)*iIi 

~O)~W;ry~~~ Gtl.Q':: C;ry, G, 

*iIi.lJl*~f:~9.Q § i¥J-rA,-@1 

0)~'l!l:~~M§ L- t-:o 

~r;tgE~:k7J~~fJi-rf;t, ~. 

rJTO)~*Il*c L-Tftvtl.Qi'fij*;ry~ 

tj\M1Sl'JO)::Itml:&lfi$j$;ry, G~1I!f:Z 

*:1Jrt-r!f:Z* ~ tl, Sl'J0) *ml2 7J 

fJi;ry, Gr1fil.tJ~* c L- T*~9)(:* ~ tl 

.Q (1ZI1, * 1 ) 0 

w~ ~ * iii 'Y nil] il.mJ 'l!l: ¥G 'ff 

~~ I: J: .Q cI) 

1) COD 1Jt1fJ1'YnlUI;t, 'il£~~-r 

2 mgll tJ-T 

1 
i 

.. ..D

-31



~ EI 
E~*1J~mPJT 

.If!,(71<D I .If!,(71<DII 

(1&71<~fjlftJ 

1& 71< 15 lOt ~~1&71< ~~1&71< 

('i'n) (n-T./r);t-)V) 

1& 71< D ~ 2 1 

M! m 71< • 90.0rrf Is 32.0 rrfls 

1& 71< 71< ~ D.L. -5.7~-9.5m D.L. -7.0~ -1 O.Om 

1& 71< J! 1l 0.2m/s 0.2m/s 

(.If!,( 71< ~ fjIft J 
.If!,( 71< 15 lOt 71<9'1.If!,(71< 71<9'1.If!,(71< 

('ifn) ('ifn) 
.If!,( 71< iA! 1l 1&71<71<iA! + 7°C 1&71<71<iffil.+7"C 
.If!,( 71< 71< ~ D.L. -9m D.L. -9m 
.If!,( 71< im J! 3m/s 3m/s 

.If!,( 71< D ~ 8 4 

.If!,( 71< 'if 1£ 2.2m 1.9m 

.If!,(71<'if~li:r,,,~ 30m 30m 

.If!,(71<'if~li:il'Ii~ 3m 3m 

, 
o 1 21u1 

II ~.n~z 

(l) ~~'E'::'?'I)./!f1lM!1t 

i\Ml1t:tl!l}~St.2~:-:J v~T, E~*1J~mPJTn~*m~t:H:~~~ 

IWlMl Gt~ ~-,*12if12fl O)iWf~l'O)~fl::;~ ~-9 t~Ii), ~-,*lOif 

4 fj t»G-,¥-,*16if 3 fj ~:n>~tT fj 1 @I1lM!1t~fi-:J t~ (~2) 0 

~1t~ EI f171<iA!, j~j'kit pH, COD~O)-JN~ EI C :@:~* 

(~TT-N) &'It:@:I)./ mTT-p) O)~*:I;l[lil'<5IJ, ~t~ 

70071' )vliO) 9'1l'~ t>*2- v~~'J-g.~ ~Ii), n>-:JJE::i:11 t> 

il'Ii v>7 0 071' )va (~TChl. a), 1) ./Mtm1)./ (~Tpo.-p) 

~0)~E1 ~:-:Jv~Tt>JEMa9t>G <f1-JEMr,,'aM.I1tGt~0 

7Hfi15i!f1JIS K 0l02~jftp pq$JkJJ;X~-g.7l<~aM.I1t (~~ 

1!i) ~~:~ ];t~o tJ:s~*:I;l[liO)7tffi~1Auto Analyzer (BRAN 

+ LUEBEE) l'fT -:J tz: 

(2) ~~lffiI.tJ~71<Ft'ltt~!I!UMJ1t 

~mPJTO).OO~ ~~0)13:t1!l~~i\Ml1t:tl!l~cG, ~JE~E1 

f:-:JPTf1, 71<iA!c:l;l[7t~?jI'JJEGt~ (~3)0 ?jI'JJE~:f17 t- ~ 

7m~.lOt~~~O):I;l[7t71<lffiI.71<~M(~'EI)-~D?'~~0) 

70 D-r~ 7 ACL208-PDK) ~M!m Gt~o ::tU171<~O.lm~ 

~~./~I)./!f~.l'<5IJ, m.15~0)~JE~$&~G1m 

~v~71<~~l'?jIIJJE~fi-:J t~o 

III iIIJ.~~&rt~~ 

(1)	 ~~'E'::'?' 1) ./!fW/iJ1t 

ifll.8'JO)T-?'O)f-t*{~c GT, ~f;I\J-'¥:I!3{~~mv~ko ts 

S, pH, DO, COD~1*~ (0.5m) c2.0mO) 2 ~f:-:Jv~T, 

~ t~ -t-0)ff!!0)~ E1~: -:J v~ T ~1, *~ 0) 8 r,,'~:1!3{~ ~ m v~ 

"'_ 2),3),4) 
/'- 0 

CD pH (~4) 

pHO)*Iif~fl::;~: -:J v~ T f1, -t-O)if~.8'J-'¥:I!3{~n~8.08~8.17 

O)~OOl'~JEGT ••G, ::0)~20)~~~~l'<5-9Ii~A 

O)~~{~ (7.8~8.3) ~Ji-,*GTv~t~o 

@ COD (~5) 

CODO)*Iif~fl::;~: -:J v~ T ~1, -t-0) ifll.8IJ-'¥:I!3{~n~l.38~ 

1.85mg/l0) ~ 00l'••G, -niHil, ~ {I:l'l ~l' <5 -:J tz, 1lM!1tM r", $ 

f:Ii~Ao)~~~~ (2.0mg/l~T) ~tHiMl9 -9WJJ-g.f1~10% 

l'<5IJ, ~~~Ji-,*GTv~t~o 

@ DO (~6) 

DOO) *I if ~ fl::; ~: -:J v~ T f1, -t-0) if ll.8IJ~:1!3 {~n~7.45~ 

8.45mg/lo)~00l' ••G, *l~n>tJ:i1iJt!J>{I:l'l~ ~~ G»: U1 

~1-'¥:I!3{~n~{fH~-,¥-,*14, 15if~f:-:J v~ T, (PJ}lln> GO)imJ...71< 

.00ftT~~-:JT~2-kc~~Gh-9:1;l[7t.~~~~~cm 

bh, CODO)••~~J.tGTt>, :ff~i5¥llO)i!Hrf:~-9DO 

O)m.l'~1tJ:v~c~~ Gh-9o 

® ~*:I;l[1i (T-N, T-P) (~7) 

T-No) *Iif~fl::; f: -:J v~ T f1, -t-0) ifll.8'J -'¥:I!3~n~O.l6~ 

0.25mg/lO)~00l'••G, ~!J>{I:l'l~n~Jj.Gh, Ii~IIo)~~ 

~~{~ (0.3mgll) ~ T 0) 71<~l'<5 -:J tz; 

~ t~T-PO)*Iif~fl::;f: -:J v~ Tf1, -t-O)if~.8'J~:I!3{~n~0.020 

-32

http:J>{I:l'l~n~Jj.Gh


8.3 
8.25 

8.2 
=a 8.15 • II • • • .-----.8.1 

• • 
1-4-0.5 m 

l8.05 - .- '2.0 m 
I8 ~---'----------'-------"--------'----------"--------=Y----

~~ 
,,0 

4<~ 

2.5 
2.3 

~ 2.1 
.::::: 1.9 
~1.7 

00 1:3o 1.1 

~.. I- .... - - - - • - ...--. 
1------0 5 1----- . m 

0.9
0.70.5 L--____'________'___~_L______'________'____

-
__' 

.- '2.0 m 

~~ 
,,0 

4<~ 

1-4-0.5 m 
l 

- .- '2.0 m 

.....~.........-_.. 

~O.024mg/lO)~IHI-c':J'lU$ G, iFllr,,'O)~/,)!/J\ ~ /,))':>f.:. a:J.: J;.l.~O)M.~G, E.*~~~~O).~~~.Q~~O)7/<. 

;:O)7/<~I:-:J~)T't, ~~IIO)~j:U!;~ (O.03mgllJ;.l.T) ~ (7/<r.liil.H~<) A"O)~'fj:, IJ\~toe'to)-c'~.Qc~~ T~).Q. 

Jl~GT~)t.:. (2) r.liil.tJ~7/<Rt~~~WilJlt 

@ ChI. a (@ 8) z O)WilJltf:S ~) T ft~~toe~J ~~ G t: -'JZ~13iF 8 fl24B 0) 

~!fo/.J77 /7 l- /0)J:f!lMO)f1H~ ctoe.QChl. aO)iFll~IJ~~ ~5.1: -:J~) T*I:~95). toeS;: 0) B O)ilMIltq:r0)1iI~~~~ 

finj:O.98~4.15tL gllO)~1HI J*J-c':Jtf$ G, ~tl.i,IJlj,>M[tl] ~~ G c~ri!ll*~~~~O).~$fj:, f;If£lOO%-c'~~ t.:. 
t.:. G/,)) G toe /,)!G ~@] O)WilJ~J~l r", q:r O)CODO):Jtf$ fj:~ftp CD ~:Ha7Hff 

M[tl]-c'~~~;:c~G,COD~S~.Q~.77/7r-/.0) &.4~S~.Q.~O)m.~~~~9~, 7/<.O)m.~~ 

J*J.~.O)~~~~.Q.ll~~~~'tO)c~~Gh.Q. ~~lm:~9. 

-33



0.4 0.04
 
0.35 0.035
 
0.3 0.03
 

~ 0.25 0.025 ~
I. • • • ......~• • ......• ....... .....&.
-- : ..~ Q2 Q~ ~ z ~""'1- ---1•...--- . 
~ 0.15 0.015 ~ 

0.1 0.01 
0.05 0.005 

o L--__---L-__-----"- ...L..-__--'- L--__---.J 0 

I • T-N I .... 'T-P 

5 
~ 4.~ 

bD 3.5 
:::t 3 
~ 2.5 

Ol 2 
::2 1.5 
o O.~ 

O'-----------'----------'------'-----------'-------'-------~ 

.~~.~~, ~~~~~*~~~aEft<~O, ••~~ 

~1;t3Opsu··£J,-H:tJ:.Q~_g_~£lii_::Jt_:o z:~z: cl;t 8 F120B, 

21 B r:t:i'mu ij-7'1~J::~t. ~~7'1' G~1±J*7'1~~r:~rtht_:t_: 

~, .~~ft< tJ:_::J td)~ Ur.t:bh.Qo l,7'1' L E~~}~U: 

S P T ~ 5 m£J,l~ 1: tJ:.Q c S S J:. ..:c-33~34psur: ts 0, *~ 

r:7'1'7'1':b G-r-JE:f~ r:tJ: 0, **11;t3i;JE: L T~ ,t_:o 

*.~, .~~G~5mMlli~.*M~~Gh, *~~~ 

< tJ:.Q 1:-:JhTfff:T"t .QfI:j'H~7'1!~ Ght_:o 

~i~~mFJT~1Dl* 0 r:. ~lliPM  9 ~7l<i1ild;t, :i{~~. 

~j@j < 27.7°C, Jt!;~~.~fff:<26.9°C ~£lii 0, ..:c-~.J3t~l;t 

0.8°C ~ £lii _::J t_:o 1Dl7l< 0 (7l<~ 7 m) ~r;t, *932.8°C ~i.ffi\.1j~ 

*7'1~1Dl* ~ h Ts 0, ..:c-~.1j~*I;tifij:i{jJfiA,,(M;jl~ htJ:7'1! G 

i$J:: t. Jf~*D ~7l<i.ffi\.~£lii.Q26SC J:. 0 ~1.zoC f';11j~'*i.ffi\.7'1!, 

M- 9 ~ll/)JlIJ~ ht_:o ~i~*::tJ~mFJT.Ii~* 0 r:. ~lliPM

8 ~*i.ffi\.r;t, :i{~~.~f';11j<28.3°C, Jt!;~~.~fff:<26.9°C 

~£liiO, ..:c-~i.ffi\.~~1;t1.4°C ~£lii_::Jt_:o .Ii~*D (7l<~9m) ~ 

l;t, ~33.TC ~i.ffi\.1j~*7'1~1Dl* ~ h T sO, ..:c-~i.ffi\.:J'jp*r;tifij:i{ 

jJfiA"ffit;jl~htJ:7'1! Gi$J::L Jf~* 0 ~*i.ffi\. ~ £lii .Q27.3°C J:. 0 

~ 1 °C ?1Ii~'*i.ffi\.7'1~M- 8 ~r;tll/.iJW~ht_:o 

YJ::~Z:cJ:.O, ~~~mFJT·~.*::tJ~mFJT~G~~J:. 

o1Dl1±J ~ htd.ffi\.:J'jp7l<I;t, .~7'1~j@jp z c 7'1' GJ;tlM~/j, ~ Pt_: 

~, J;t$Xi¥J!f. < ifij:i{jJfiA"ffit;jl ~ htJ:7'1~ Gi$J::L ..:c- ~1Dl* 0 

llim~tl!l}~~*i.ffi\.I;t, Jf~*D ~*i.ffi\.J:. 0 *91 °C ilNi < tJ:_::J T~, 

t_:o 

@ *Sjl~:ffJ 

~1H:, *~O, 0.5, 1, 2, 5, 6, 7, 8mr:s~t.Q*i.ffi\.7l< 

Sjl~:ffJ~~90 

~t~~~ti¥~r;tI\iiT]$j~mFJTc~i~~mFJT~i.ffi\.1jp7l<~~W7'1! 

£lii 0, Jj!iJill~r;t27.5°C ~*i.ffi\.7'1~*~7'1' G*~ 5 m~~ ~ Gh 

t_:7'1~, ..:c-~~W$BIHH;t~NGhT sO Ij, ~ 7'1'_::J tz: 

-15, t~~*i¥~~, ~.*::tJ~mFJT7'1,G~i.ffi\.:J'jp*~~W 

7'1!~Gh, ..:c-~tJt~$BllfH;tt~Dg:BA"J1:7'1~_::JT~,t_:o ~ti!i*::tJ 

~mFJT1i!uJ<m:.~lli~,M- 8 ~:i{~*i.ffi\. (28°C) ~.1jP* 

~fl'r~C t. T~~.Q C, .~7'1' G7l<i~ 5 mr:7'1,~tTr;t/j\lB1~ 

7'1' G*9 3 kmi$r:~ht_:j@j~}§]ill ~~.:J'jp*~~.7'1!£lii _::J t_:o 

l,7'1' t. 7l<i~ 6 m£J,~I:tJ:.Q C, 1Dl7l< DMlli~t'f'f7l<i.ffi\.7'1!f';11j~' 

•• practical salinity unit (~JfI.~ 1j.l.fj'[) 

-34

http:f';11j~'*i.ffi\.7'1


Salinity(psu) 
20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 

o 

~ ~ 
'lI'l 

.. 
oM19 

10 oM18 
+M9 

25 

30 

35 

Salinity(psu) 
20 21 22 24 2S 26 27 26 29 30 31 32 33 34 

o " " 
"llO ..... .....~ 

.~ 

~ oM3 
10 

oM4 
+M7 

1" 
o 20 

2S 

30 

as 

Salinity(psu) 
20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 

o 
Q>+ tl-ocl<: O"",-Ia. 

P1lL~

" 10 

O M18 

I +M15 1 
25 

30 

35 

Salinity(psu) 
20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 

o 

10 

.... + + ...... I" 0 0 O+~ " '1lQ a • 
+ 1+ +- .... 

~ 
I----

oM8 
oMl0 

~ 15 
6Ml1S 
oM14! +M17 

" 20 

25 

30 

-35



Water temperature (OC) 

24.5 25.0 25.5 26.0 26.5 27.0 27.5 28.0 28.5 29.0 
o 

10 ~ 
'u~ 

OQ) 

.~ 

.. ,....I>
~O 0 :I 

) v e: ",r:r  -' 

f 
.. OM19 

DM16 

+M9 

25
 

30
 

35
 

Water temperature ('C) 

l:.. 
020 

25 

30 

35 

~~o[~r 
.~ ~,~+;>

~o:r;l 

.

24.5 
o 

10 

E 15 

25.0 25.5 26.0 26.5 27.0 27.5 28.0 28.5 29.0 

OM3 

DM4 

+M7 

Water temperature (OC) 
2~.5 250 25.5 2e.o 26.5 27.0 27.5 28.0 28.5 ". 

0 M8 
[] Ml0

10 .. MIl 
0 M14 
+ Ml7 

~ 15 

~ 
D 20 

2S 

30 

JS 

0r-----,---...,.--_...,..,.Ilr':l::::7-:-T'"---:=...._--;-----,_ 

Water temperature ('C) 

24.5 25.0 25.5 26.0 28.5 27.0 27.S 28.0 28.S 29.0 

o 
o.(jj"lt ... "" 

ill ~~ 
O M18 -""J~ 

10 +M15 1I 
~l 

'00<111"" ~lo OOQ) ........ ...--1+
 

A ~ 

~ 

,j 

~ 
2S 

30 

J
35 

-36



eM16' .~l' 

, 
• Zlun 

eMI' 
26_5 

e~el4I' 
eM\5 

-,
• 

."'1' 

...IS 

-37



$?t:0!~ Gtl.Q t21rT J;) 1], /j\IJ9j£!,:0> GiIJltl.Q cf>j'<,q I::*i.ffiJ. 

O)iJJt:R:0!~ Gtli.ffiJ.fJ~*O)~.Id:/j\ ~ < tJ."J T'v>"J t;:.o ;tt;:.* 

~ 2 mTld:!I!f,q £!'FoJ)ll;tT27.5°C ~~ G, iMtfJ~*O)FAml!eilJl 

1d:!,HJ:&< tJ."Jt;:.o 

® ~~ 

i.ffiJ.fJ~*fd:, ~* D:0> GfJ~1±l ~ tl.Q C, 1&* DO)iMt~J:: I]~ 

1°C O)*iMtl::W:0!~ Gtlt;:.o !f?H::i¥iJ¥Tfd:i~ D$f::P'l:0>"J T 

iMtfJ~*:0!FAm GT:13I], ft~:0> G*i~ 5 ml:::0> IrTfd:/j\lJ9j£!' 

:0> G*~ 3 krn;t T~i:t!i1<.JJ~.PJT~* D O)i.ffiJ.~:0!f*t;:.tl T 'v' 

t: 0 ;t i:@,'$ ~ 0):iJW0)jt!lH!i: 1:::13 'v'T tJ, tJ!;td IPl ~ 0)ftfl P'l ~ 

;tk4M~tJ~.~~.G~~ -.~~?tc*.O)m. 

?t;(fJId:, *f±Tm.m!ii~1: t;T'v'.Q4~M70 7 74 )v~ 

~Gt;:':0!, i.ffiJ.fJ~*O)~fM!J;).Qjfu}~O)*.Id:, Ja;~J:: I] tJft 

~:0!f\1Ij:0>"J t;:. 6) 0 

~ri1l;1<.JJ~.PJTO)~* DiIim0)*i1fil. ~fiH~ c Gtd.ffiJ.fJ~*Id:, 

ftlj:0> G*~ 1 mf:::0>lrT, /j\IJ9j£!,:0> G*7JP'l0)i:t!i D$A,.~ 

1krn;tTFAmGT'v't;:.0 G:0>G, J(~O)!Ia*Cjt~9.QC, 

~.~f::fd:~TlIO)~r",~~jj: Gt;:.O) I:: tJ:0>:0>t:> G"9, ~fI 

9 .Q*~-fc'l!e~:0!/j\ ~ 'v'c 'v, '? 0):0!4MI:::13lr.QilJi!J.~*O) 

ftflP'lT J;)"J t;:.o 

N * c cl1'J 
~i:t!i0)~~f*~~.9.Q§~T, ~~~=~0~~~~ 

.fJ~*FAm~~~.~~~. Gt;:.o i.ffiJ.fJ~*:fJtm~~ilMJ.TId:, 

*.c~?t.O)m.?t;(fJc*~?t~~~.9.Q~cT, ~~ 

i::lf;t .Q~fI~rei!l!9.Qz c :0!T~, ;tt;:. ~=~ 0 .>'l'·IlMJ_ 

f::J:: I]*'e{O);j\Ii&JI:: J 'v'Tl\fflJ. GE~1<.JJ~.PJTO)~flIJI::J:: 

.Q~'M!~N~~tJ. tJ O)TJ;)"J t-: 

V::SC ~ 

l)~£!,~:~i:t!i*'e{T~~. ~~~, ~~5~3~ 

2) fFcj£!'l)jl.: 0#m*l!iJG:&Ltjt!rf*0)*'e{jjllJ~~*, ~~1O 

~~~~~15~~ 

3) ~~ Ilixft!!: fFcj£!'I)jl.f*f§l~~-t~~-if~, 17, 79

89 (1999) 

4) ~~ IliXft!!:fFcj£!'~f*f§l~~-t~~-~a~ ~

78 (2000) 

5) ~~ Ilixft!!: fFcj£!'I)jl.f*f§l~~-t~~-~~, 19, 59

64 (2001) 

6) ~~ Ilixft!!:~£!'I)jl.§f§l~~-t~~-~a ~ ~

69 (2002) 

-38

http:tJ."Jt;:.o

