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Change in water quality in Shimizu Port and bacteria composition in Orido Bay
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Hisashi NARITA, Masaharu FUKUE and Michikazu IKEDA

Abstrat

We observed water quality at 16 stations in Shimizu Port from 1986 to 2005. The observation was carried out
4 times a year, and the distributions of coliform bacteria and marine bacteria were discussed. Salinity, pH, DO, COD
and T-N have increased since 1998, whereas transparency, SS and T-P have decreased. These may be dependent on
the change in loading rate of these substances from the rivers and internal biological production in Shimizu Port.
Bacteria were also observed at the mouth of Tomoe River and Orido Bay. The number of coliform bacteria was
3.5%10° CFU/100ml at the mouth of the Tomoe River. This probably implies that the Tomoe River is polluted with
bacteria, such as fecal coliform due to feces origin. The number of a general marine bacteria from the surface water
in the inner part of Orido Bay was 2.3~2.6xX10° CFU/100ml. The dominant bacteria were Vibrio-Aerogenes. They
are often found in eutrophicated sea area. Cellulose decomposing bacteria were also found in the sediments.
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B L S TWwb (BEIL1988; FMHEIZ»1977). 2 b
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Fig.1 Sampling stations in Shimizu Port and Tomoe River
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HWLTEIRL 72,

2. KEOHWHE

KEHEEHTH 2 KB EBHEX, ThEhT ¥ 8 IVEE
#F (ANRITSU HFT-40) & & OEHHENR % H v CHlE
L7z, %72, #45, pH, BfFERHFERE (DO), {bFWkRHE
ZixkE (COD) B &k UE@EY= (SS) DWIER, ZhZ
ny v A=y (EIREHELE, Model 601Mklv), pH
# (Mettler #:8, Delta 340), w74 > 77—k, BiiH
U VBH VTV LAEBLO T TAT A N=T 4 VI %
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and Parsons, 1972).
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tov o — ZASMEEEUE, Lo — R SEIEREREY 7
Ry 7« Ny 7 AREHICED 20C THEELEB L O
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510, HAKEBICEHHETHEAKX O EELE > 8 —
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> ¥ — (36,600m?/day; 19724t FIBRLR) DALEK b A
LTw3, Z030HEE»5 0 COD (#9mg/L) B X
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N 270Kg/day £ RfEb 53, L7223 > T, THKREAH
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Tw2 (Sato et al., 2006), HFAREOMEFE L 35ha T,
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Kg/day &, IR OHEKE IS 2 SS DFS5IE, HKk
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Fig.2 Seasonal variations in temperature(a), salinity (b), pH (c), dissolved oxygen(d), chemical oxygen demand (e),
suspended solid (f), total phosphorus(g) and total nitrogen(h) at Shimizu Port and Orido Bay.
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7z, BAREICB T 2 ZFEOFEEWHEIXL.2~6.3m Th
D, EFIZIFE1.2~2.8m LKV U TEFRITIE 2.8~
6.3m &® < x b, R, ITPABCED 2 EHEIX, 1994
FELBEDESZ P SEFRIZL VKL B> T3,

WKkD pH 13, KEROMRHEE, Y77 > 7 b OXE
AR, BEEMOMER SI2 k> TS 5, ks &
OHTFE (Fig. 1 OB#IE 3 225 7) 2B % pH (Fig. 2-¢)
X, BEPLEFRTHL, KELSEXFTILTTUETT 2
FHZAEFEVRL Tw3, miAEED, £FCBT 3
pH {1, BREEUEME LR (8.3) E D 8.05~8.34 D
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FICNE > TWwWah, EZFICIE8.32~8.62 =W, %7z,
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> TEHT 2 HFHEEE (Fig.2-d) 8L AR OIEE
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2, AFTIE1.1~3.6mg/LTh 328, EFCiF2.7~
5.7 mg/L EEmWERSRH IS,

W77 7 P DORERELTORY) v EEBEDOR
EZ5 i % Fig. 2-¢g 8 L ¥ Fig. 2-hicm L7z, 22 T4
VBIUSEREE L, BREBIVEREZEDE
BETHS., 2 VREOFEHZ(LIIHAME TR VLY, F1
ZOWENRD T REANROND, T, EEFZOZE
ZAL L HHRE TR WS, 19894F (H), 19944 (B), 19984F
(FK) B X U20014F (FK, &) WIEFICHVWEESAH S
Niz, EKBIZBIT2mOEEREE 2R LIRAOE]
T (St.8) REAFOEEFREE X 4.06~8.25mg/L
T, VHUEEN5.83me/L L ORI LD 220 Hn
ZEMD, ZORENSTINCEET 2 2 L0830 h 5,

kL L UCIFBICB U 2 8Lk a DIEE X, =i
EEIINRKENWZ L5, HRKEOBEE20HEDONKE DEE
R LT 21T o 72, 165 ORE,. 2mB &
UsmEOKE (KR, #E5, #EHE, pH, DO, COD,
SS, T-PBLUVT-N) OFFICBIF 2 FE)E % Table 1
WWin L7z, HEAREBICBU 2 SFEFOKEX, 1986505
19934E T3 2I°C AT TH % 28, 19944ELIRED % 1 id 21°C
DEEEWEARE S S, oS DORFELL%E Fig. 3
R L7z, Ko RERE, #EEt >y — o5 2 5
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RS ORTpHMbB) BL O T-P) 12, 2T hEEZE %
Bhs X OB RE S FEBFRE>0.7). & 51,
pH & £ 0" DO(b) 1319984FE 2 Bz, K& 28 Rwvw7e
Ehiz, Zho DS &Rz, T-PEER, 1986
FES197TEDOB T 1 ERMH 72D 0.0019mg/L DI
2R A, 19984FE 72 520054E T 1% 0.0049mg/L & % @ ¥
PIREBITKEL K> T3, T-NIZBHL T¥, 19984
252005 T TOEIFROMEE FKRE WA, F£2Z20
BENEA L TWE ZERHLMCT 5I21E, FICHES
e 2 2 EBLETH B,

PED XSz, HAREBOKEDEEZRET LIz, BAkE
BRGEREEL LN TE R oTz, F2TC, KEEAEDH
FIHW SN2 CODEZHWT, BEREN &IOS
BRI T %, 19655E 6 AB L U7 HicB I 2 AkE (G
FBExEt) LWFABTHESNZ3E (0m, 2m B X

Table1 Annual mean of water quality parameters; Temperature, salinity, transparency, pH, dissolved
oxygen, chemical oxygen demand, suspended solid, total phosphorus and total nitrogen observed

from 1986 to 2005

Time W. ’{emp. Salinity Tr. oH DO COD SS T-P T-N
“C) (m) (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L)
1986 19.4 27.97 3.2 8.18 7.54 2.12 3.4 0.108 0.528
1987 20.6 29.90 2.8 8.19 7.49 2.49 3.6 0.145 0.654
1988 19.0 30.55 3.7 8.13 7.44 2.30 3.2 0.126 0.549
1989 18.0 26.56 2.9 8.11 7.40 2.14 3.3 0.084 0.011
1990 18.9 28.76 3.0 8.18 7.80 2.35 3.5 0.094 0.680
1991 19.3 30.40 4.0 8.19 7.73 2.05 3.7 0.066 0.717
1992 20.1 30.29 3.6 8.24 7.12 1.79 3.1 0.078 0.633
1993 20.7 29.31 3.6 8.22 7.35 1.88 3.1 0.076 0.571
1994 22.5 28.37 3.3 8.23 7.71 2.61 4.2 0.083 0.889
1995 21.1 28.93 3.4 8.17 6.96 2.04 2.5 0.079 0.711
1996 21.1 28.00 3.0 8.14 7.69 1.98 2.4 0.083 0.897
1997 21.7 29.80 2.9 8.29 7.07 1.91 3.5 0.063 0.672
1998 21.2 26.58 2.6 8.23 7.75 2.10 2.9 0.069 0.965
1999 22.0 29.13 3.2 8.36 8.31 2.05 3.4 0.060 0.782
2000 22.1 29.83 2.9 8.30 8.05 2.40 2.6 0.067 0.659
2001 21.8 28.89 2.7 8.23 7.81 2.52 2.6 0.060 1.295
2002 23.2 31.05 2.8 8.39 8.99 2.51 3.7 0.044 1.016
2003 21.6 29.68 3.6 8.30 8.34 2.67 2.5 0.049 0.642
2004 22.9 29.04 3.0 8.29 7.85 2.30 3.1 0.040 0.786
2005 21.9 30.05 3.2 8.33 8.31 2.48 3.1 0.035 0.678
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CODfEIX I 4mg/L F TIETFTLTWS, ZDXSIC, ¥

7.0 | T T
« (3)
-E- 6.0 '.h
= 5.0 | b e
[ ]
oo oL
o ]
B il
Bt L ]
'l 2.0 . .o, :' -
1.0 1 -
0.0 1 i i
11.0 : : :
10.0 * L] (®)
. "- .
2.0 | H

COD (mg/L) DO (mg/L)
b 2 =

= -
= =]
Je
M_

&}
EY
£
3
—~

25 30 35

{bhERz DB & D W) OKE IZSES NS H, HAEIC
B % CODEDEZEAR S iz WHEBE LT, Bl
5 DEEYOHAEED LT o, BFICHEE D & K
~NHEHE S N BRI BN T A & NI E I 0350 T
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E A, 2002; FER AKIED, 2003).
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1998ELIE DK ERER 2 5 LADbE 2 &, pH (7.8-8.3)
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(2mg/LLATF) BEM B Th2, %7z, HAREBICBT S
WR20FE D4 Y >~ (0.053mg/L) B L R
B (0.853mg/L) 1%, REDOFEN D 5 ¥EE IO W TH
TFENTWD [YFEMEYW T 7 > 7 b O¥EICEI S % 5
# | oMV (T-P, 0.05-0.09mg/L; T-N, 0.6-1mg/
L) cH%d 3,

RIZ, EAES L CITFBICB T 5L S DEBEA
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Fig.4 Relationships between transparency (a), dissolved oxygen (b), chemical oxygen demand(c),
suspended solid (d), total phosphorus(e) and total nitrogen(f) against salinity.
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HEns2PWECLIVET L s, BARENIIBT 5L
SRS DRIR 2 & I 5720, Bk L5 0
2% Fig. 4 Cm Lz, FDT A >k, @FE20HEMOE
NN DI BT 2 EHE AL & OFFEEBICIT W St 16 (3
J&) 2B B BACFES OFERRE & A IEEERAIR T 4
v %33 (Table2).

RS 45 OBR % Fig. 4-a 2R L7z, EAES X
CHTFBIC B 2BHEL, 50
CHEINT 5 Z gD, Tibb, MK (E)) oft
RN VIE EENOBHEMEV, 32bb, HKEN
DL THOERDBENNCH 2 2 LR35 s, Tz, ki
WO P25 ATIC % % EEHES 2m ATy, fE
M7 NP BERTEAES L 6mBEEICR B
b, TNLETIIEE - EIEFTTERWVWI LIRS,

BHEERR S OBEMR % Fig.4-b el B0
BBICB ) 2 EEMER R, #3.5mg/L & BEMANE
(9.4mg/L; K& 18°C, 43 5) & 40% LAF & JEH 12K
W, ZOWJIK EEAREBEA L S BANATRAT 2K (&
fFieFa, 8.1mg/L) L OHMEATHE, KbhoH
AT A v w7y bansd, LarL, EKRENOE
HEBRFRITTA o ETICRE AN TS, ZoHf
WOWTIL, ®BTilimx 3 5.

COD k545 0B8R % Fig. 4-clcw L7z, EJIlo COD
i1, BNz k5w (EAREOBRE) 5.2mg/L & &
<, FERANIDBENNOEEMOR S 2GR E 2> Tw
5., Ly, ¥ah25Ll Ed CODEIEZ A Dk |
WAL TWE Z s, EATERYNEEINTWS

ZENEZoNS, SSEEDH COD LFHERE, Blllo%
DEEN6.1mg/L ThH 22, - GESHOZNS DE
BiEZA4 Ok LIHfmLTnsd, 2o Ondhext
Iz, £ > (Fig. 4-e) B X Uem#E (Fig. 4-f) i
ORI, AN 500HHTENS D7 Ty b
TAYDTHIZAELTWS, 2D &, Eln»s s
Shice) vBIULERNPEBNTHES L TWL LR
RLTW3, ZDX3ic, COD & SSDENTDETN L,
&) Y ERBROWEEPET 2ERE LT, W77 7

b B L 7 NEBEEN A E SBE LT w5 Z LR
ENb, Fiz, EAKEBNOBGTFRZAEZVNHGART 1 >0
EHETFHCZZay bS8 aHBIE, K 2NEHEEICE
SRR MRICERLIER EF 2 65,

W7o 7 bR s OBHFICEEBRL TWwb 7%
51F, WkF O pH L HFRFREICKIINTWS 2 &H
%z 6h%, Fig. 512 pH LiEfFEHEFER (a), COD & SS
(b) BLUZEHE L SS ORAR (¢) "Lz, 2DX57%
pH CEFBRFREOMIC B 2 mOERIE, EBNIZBIT 2
WIESAEEEIZ £ > THEU 2720, #AO COD i & SS R
OMIC b ERB R I NI EEZ B LN TE S, Fk,
BUHE LSS OBMED 5, THAKENO SSIEENHY T 3
Z LK DEHENEINT 2 Z B bh b,

PlEDZ Ems, HARBENICE TS COD EA19654F LA
BEIZEAEEDLORWERKELT, ITOZENEZzHN
%, B &R LEKEATRAT 2 COD &R, R
MEFRE THAVUEII6F IR L T2 DA L Tw b
2, AKEOER, HEREYI» S ORBEHOFEER LITL D E

Table 2 The water quality variables at the mouth of Tomoe River and the
oceanic environmental station, St. 16.

Station Salinit DO. coD S5 r TN
Y| (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L)
Tomoe river 5.86 3.41 5.74 6.14 0.43 4.39
St. 16 31.93 8.11 1.76 2.35 0.03 0.38
£ T T T T 5.0 T T T
(a) [LU] i ()
g6 - 1 60 |- . 4
- 4.0 ] =
. * ‘.'- -~ E . %, * .
84 i P = . = 50 ;_\'
. e =0 3.0 . s % g ol
81 ezt ¢ E L Sy ‘-”'"‘- o £ 40 :'{1" == MBblx 350
T B 5 2 = Ld . - Bhied § ohe 8, RO .
' s, e o 20 "-,-.' . 1 2 o Ve
8O- - 1@ ...r"":r o* & 30 L ')" -
P L = e N
¥ =0080X + 7.6 10 L= . : ..? <
78 - R=078 y0AGX +1.0 20 F . . T
R=074 e e, .
76 1 1 1 1 1 (i} I 1 1 i 1 1. 1 1 1 1 L
50 &0 FO R0 90 1040 M0 120 00 10 20 30 40 S0 60 00 10 20 30 40 50 &0
DO {mg /L) 88 (mg/L) 85 (mg/L)

Fig.5 Relationships between pH and dissolved oxygen (a), chemical oxygen demand and suspended solid (b) and

transparency and suspended solid(c).
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BRI B 1 2 BRI & AR

WOWNEBLEBEM U - FER LR s, £z, BHNO
SSEEZBVEEEZ L2 ->T, CODEMETL, EH
EDEEINT 2 2 ENEFETE L, Lo T, HAREICE
JBEREREB X OBELEFE 2 256, HKEBANIRAT S
COD, SS B X UREROHIKZX 2 LIz, EBHNICE T
5 SSEWMVERS Z LI XV ATBEELZET IS Z &8
HELLS, 35612, BEEBOKEEREZRET 27201
BARMEE FEELIETH 5 KBEFICOWT b, MHE
TELHERD 5,

2. WPFBHELUBNIEEOICE T 2 HHEHE

FEHEE (Fig. 1) WLz 51, IrTFEEIIICH
2 EFRG R (19274 2> 520054 F THEAH) X HEER 74
ha, KEW 4. Tm BET, A OB NHBILD > T
W5 7e DK DOEHENTE N, & Tz 213121 P AL 23 ff
FEINTWE, fcmEIZD s, KB/ &350
ALTO2RTH2 FBEEHIZ, 1999).

AR U 7RG 2 #ifs (St A, St. B) oK@k
@ Marine Agar 2216 E:#hic 425 U 7e — s e s 50,
FKHEB/KTIE2.3~2.6X10°CFU/100ml TH D, 2 HiH
TR RELRZEIREDONZ,Lo72 (Fig.6). ZOME
Bz, RSB RREOERELSEA TH ST

RoNBMEREITIE—L Tw3, Bkisk TAREE
b, HLBEIIREOTE L 72 > T 3 KIBREHHE TIZ,
4.3X10°~6.6x10° CFU/100ml TH > /2. < D KIGH R
B, ¥EBICHEA S LTV A BREEEDOHEM A (1X10°
CFU/100ml) PAETH %28, HEARBIZHEAL TWwBE]
OWO (St. C) TOREGREEL 3.5x10° CFU/100ml & H.
WY % L81/500 OB ThH -7 (Fig.6). 2D ki,
B2 & FRA U 721K D2 < 13 HRESHR I AR E# L T
BY, MIFBREAOTARSD RV EBbhs, L
L, KIBEHOFR CHBEHRKROEETH 2 KIFH (E.
coli) \22>WT, IMVIC ¥ THNRIFER, W10 H AL
W2V StA ORAK TRBES R SNz, k2o
BT AR X BEREZTT0E 2 E2RBL Tn
7z (Fig.7). —%, BJIMO T, KBEEOHNL.7%
12272 % 2.0x10* CFU/100m] O sl RIS H 2% H &
Nize LEdd5 T, BJINTIMICE T 2 KIGEEEDOR 5.7%
ZHFEHERNGES LSO TW3 2 ik 3 (Fig. 6). /I
J(1973) &, B2 & 8EKEICTA L 7o KIGHEE LSS
WD TRAER 2R T2, TSRS 5 2 &y
EARNTWDE Z Lo, FHARBRNIIREERZ EOMMEIC
L BERDPF L T B EERLTWS, ZHIBITFE
DFFRI BRI B U CTER T HEAK 72 STkt 3 2 0548

10000 - [ Cotiform bacteria
1 [ Marine bacleria
1 [ Cellulose decomposing
] bactarla
B Fecal collform bacterla
E 1000 < ;
> g
O : [ [ ]
o .
= 1 &k g
% S
: : I o3
100+ . ]
1 s
& ! AT
! !
B
k-] b d By
[+] v ¥ # ¥ g‘:
= 4 r‘" 7 Tr:::
B A - #
:-t: ] ] ;t: - :4:1
10 ’ :‘:“ “f :‘:‘ [~ P:":
E by B B - A
X B B 454
s o] 2! Bt
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b ] B 4%
el e < R < D
] B 4
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1 2 7 B R
B R (R
1 b i o B B4
- ri F .
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Fig. 6 Cell number of heterotrophic bacteria in sea water and soil samples from Orido Bay.
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Fig.7 Number of strains of coliform bacteria isolated from Orido Bay.

WETHL I ERRBLTWS,

TR O — R IEEEE HOT KA L D 1S ES
<, 2.4~3.4x10°CFU/100ml Z 7R L 7=, — Mgz, ¥
NS YRS O YERE IR L - ERMEsEE 2 o, M
BUIEREAK L D IZ 2 PICEZ VW EIN TS, FHEHSOH
THARGH O REIZH 7% St BOJRFO X LT — R
43 M B %1% 2.5 10° CFU/100ml, St. A T % 6.1x10*
CFU/100ml TH > 7=, Kz, StBUEEWEEEZRL 72
(Fig. 6). BEH (1971 B EEBROEF OO

1] faz]
L |

Muo. of Strains
™

Laa
1

[ut)

14

I

0

— AR 9.2 X102 CFU/100ml Th > 7z L3y L
Tw3, SEIOBREZN LY BBIFELZ OEHERL
7o, SHIFFEEHS O REIAS E LTRSS, R
FZEOAM O ESHEREL TB Y, Zhs 2FHHE
LiE B sz EFEzon5,

Rz, SFBERTEE U -YEERIE 2 FE U 7SR,  REvEK
T T AW D Vibrio-Aerogenes 7'V — 7 M5 L
Twiz (Fig.8). ZOMEIIOLLVEORFEEERTHE
Kz ahTws (Simizu ef @l.1971). 72, Zh o

W Vibrio sp. Listaia sp.
B Aeromonas sp. Coryriebacterium sp.
[0 Favobacterium sp. B Baciilus sp.

|

N
%
88
\
\
§
N\
%
\
§
' %z

St.AlSea waler) St.ASail)

St.B(Sea water)

S1.B{Soil)

Fig.8 Number of strains of marine bacteria isolated from Orido Bay.
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OMBEE XY AR T 2 BiEY) L BB LBFR1sH 5 2 &
BHISNT WD, —H, BRE»S1X, 77 L2BHEED
Corynebacterium J@DMEEEE > TEBY, Ay EME
FNGEWHERD sz, 2 OMEIE, HEROERS S &
CHRHE NS 77 ABMHEREMEE L Cidmb Ao mL
TWw3, ZOX5Z, FrFBEREEO A O M B 1
DEREA L TR FIHER B A & i U T b R 208
RO oo, UL, BIJINEEOTIX2.0X10
CFU/100ml O #FEHROKIGELME S iz, T
F&ORRM 2 G5F IR U CEHHEEK 2 2 iexd 3 %5t
RPDBETHLZERBRBLTWS, Fiz, ZOWEICE
b — AR 2 SFFEL TW0 b 2 &, 2 O
EHEIEAS L TERShTELFEETHS, /2, Z
DR IZESE DL RS EA T2 (BHIZR,
1981; Fukue et al., 2006). SEIOMEFEIX, FRUE
BT CEMCAEETCELMEEHNRELTEY, ZOWEE
AT 2T X TOMEREIEEL 72T Tldxwn, FiC
YIETRIC D W CIIBRSUEATEE % & o 7ol O RS 2 DY
BWOMEOEEEHSPICT270CBLETHDL b
5.

I

KHFEE, XERIF AR ER S (EEEC
HEEF16510067, AFKHE HHEER, HE REEEC
B 2 BRERE L EEREMICEE T 2H52)) OB 220
TFevohiz, HRKEOKERAEIL, HEKTB X U
iz & ORFERA (R, MEE LA AR, SHEEH
126 L OEERREIR) L LT, BHEREERIoEmieE
TR L7125 K OFELED /R 2E0TT ZIicH
HERLET. £/, MIEENFAREZTOICHELY, W
FI T 12 DT REEREREADIR BEAKICBILBEL R %
7.
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ST [ BRI /NP —  DIEEERAA - VERTIRER o pRE S - RRTTIESS - AR

N
HAREOBRBE(LER 2B & 22T 2 72012, @E0FEMICH 72 2 KE B L ORI O S 1RIUE D Vv TRES 217

> 7z,
EREEIC B 215, pH, DO, COD B & 08 T-N #E OREE I, 1998FELUR B hitE R 2 78 L7z 28, B,

SSB LU T-P#EE, BMAEREZRLL, IS OEFERNE, WlE@EL TEABNECAZNS 200 DARED
ZE, BRNICBT ZWNEEEOEFH 2 E8FZ oD, £z, HARBICHRAL TW2ENIFOOKBEREIZ 3.5Xx10°
CFU/100ml Th -7z, TDZ &if, BIIPKREEZL EOFEMEROME I & 2ELOREL2Z T TnE I ERLTW
5. FFBRBO ARG B % REWEAF O—EEHE L 2.3~2.6X10° CFU/100ml Th > 7z, & 7o MEH X
Vibrio-Aerogenes 73 H L TED, EXRF(OEA TH 2R FEE L FEBROEAEZR L, ZOWEOERICIE, v
T — A SEE 232 < FAEL Tz,
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