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Long-term fluctuations of the water quality in Tokyo Bay judged from
a data set of Chiba Prefecture

Mitsuhiro Isam™, Ken-ichi HASEGAWA and Jun KAKINO™*

Long-term fluctuations in water quality properties such as water temperature, salinity, density, pH, dissolved oxygen,
NH,-N, PO4-P and transparency in Tokyo Bay were examined using a data set observed by Chiba Prefectural Fisheries
Research Center (CPFRC) for fifty-eight years during 1948-2005. As a result, it was shown that the changes of the
properties were related to each other. Water temperature was gradually increasing for a long term especially in autumn
and winter. This increase caused to prolong the existence of hypoxic water to late autumn. Also, difference in density
between bottom water to surface water as indicator of the stratification strength was related to the horizontal coverage
of hypoxic water. When the stratification was weak, the annual occurrence of red tides was small. Eutrophication fac-
tors such as hypoxic water, annual occurrence of red tides, NH,-N, PO,-P and transparency were most remarkable in the
1960s. NH,-N in 2004 has decreased to the same level of the first half of the 1960s. PO,-P was higher in bottom water
than in surface water because of the dissolution from reductive mud under hypoxia. It has decreased in the late 1990s,
especially in March. Transparency increased to the same level as in the 1960s but hypoxic bottom water and annual oc-
currence of red tides have not always decreased. Eutrophication in Tokyo Bay has caused a large decrease in catch of
the bivalves, flatfish and others. In addition, the recent rise of water temperature in autumn and winter has shortened the
culture period of laver Porphyra yezoensis. Moreover, fall of PO,-P in March has damaged the laver culture because
nowadays no enough PO,-P for the growth of laver remains in the water after diatom blooming.

Key words: Tokyo Bay, water temperature, oxygen deficient water, NH,-N, PO,-P, transparency
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&4, COD, EEIC oW, H¥E - IhE (1995) #°
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THEARI & (B &TREKENE LV & —, Hi4TER
KEESRERIE, A4 4 TEEPANEKERERE) 281948~2005
DB LR REKERAET — 4 2R, &
Eid, 1951 F TIERAEY, 19529 ~1965Fn2y AZ L
DHFHA, 1966FELIEIXEAERL Twa (727201974
4 A~197543 A0 1ERIZRED.

B, BEEBEL TWB26/805 5, FAEHEYS
H Sk LT\ 5 Stn. 15, 3, 6, 9, 2, 8D 6 %EAWV
7= (Fig. 1). Stns. 15, 3, 6, 9WVBRH SEOUCMED - THE
O > THEAFERTH Y, St 2IXBROTEEM, Stn.
BIIEEMOTERMANMET 5. AR, JEIZ11, 17,
24, 17, 14BXV20mTH 3.

ANEEE X, KB CC), B, WAKEE (o), pH, BFF
Bl (LUFDO, mi-17), BAEBRIRANE (%), XE
BEHO7 e 7EREREBEE (DITNHN, uM) &YV
feRE) VBE (LITPOP, uM), BHE L L. HIES
BEREFAZFTHOERIZBOWTERICK D B L 572, KR
20004F F TR AKERIBE T 35 LU STD (model AST-1000,
7Ly 2 BT, H5IE 19764 £ THERERIEE TR -
HERE»oME, Z0%, B ERESF (DIGI-AUTO,
BEEEE) | X TSTD (AST-1000, 7V v 7 EBFH)
FAGWTHEE L, pHIZLGE, DOV A V2 7 —¥KT
WIFE L, 2001 FELAEIIAKIE, 384, pH, DO % ZHEKE
it (ADR-1000, 7V v 27 BFH), 20k, HOLEEK
i (WQX-I, =¥ bu vy 28) THEIEL /2. NH,-N
DOFFIEFI AT —¥, ZOBI94EFEZTTHEA VY FT 2
J— NI E B AN, POPIXT) JTFVHRIZLD
Heta 4T, 19944E DIk B B)LF 2B (TRAACSS00,
TV =B THNETE -, 1970FRLHET O
S TREHETE3F - 0B ohikr-eELOND
7-% , SEIOBTCIIMNIBEER, BHRESERDOT -4
BEHL WY, ZhsDRIERER SWIERE L1m
F Tk -7, k¥, BRI, S 1980 FRh T T,
WY TR L ZRBRERCTSEEZHELZ. 20
728, ZOHOSTD & & ORI & 2 BUAIE & I L T,
KBRS OBEITIHESMMED IS, HEOHEWHIZIEK
WAEDIZE o TOBAREES H 558, KEH TIRRICE
BLiadh-7, BHABREZOmDY vy FREHNTHE
EL .

7, REREORELABSL2DIC, KB (WELE1m)
o NEN5EE (KETF05m) DEZKELCT, KBLE
BoOEEXEEREML -,

BURE, EEEICEHROFIOE, BKRE, &ME,
364 ABEIEY, ABEEE 2K, 367 AKE Y
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Figure 1. Observational stations in Tokyo Bay. Marine observa-
tions in Tokyo Bay by CPFRC were started at 1948. There
have been six large alternations of the stations, and 26 ate ac-
tive at present. Data from six stations (15, 2, 3, 6, 8, 9; solid
circles), which have been active since 1948, were mainly
used for this analysis. Open circles were from an intermedi-
ated year to date. Open squares were from initial to the way.
Open triangles are stations that were active from 1966 until
2001.
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F— & DR HE S 72 197245 10 A ~19764F- 8 F % Hilkk
LU=, SOSEREDZEE L & 2{ET 5 2036 r AREF
¥, AR 3y EREHEZCOWTEESICLY, B
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TIE1965E F COBBART -2 82O T, HRAD
AEFERALUE, £ x@#) A (y#E) OFHEHRK%E
YERL L TEBO B 2 Fx 7. Bz Ic B 2 e
HoDO, ®EBHEE, BHE IOV TIKEEYSRFOIRI,
RAEOWFERAOIERIZ D /2.
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{LOFHTIZIE, 1967~2001 FFIHESHAR [LIHERAL] 28
V) BREREHALC Stn. 8 TIT & - -4 H O KBRIERER 2 AW
T, BEDBCHETH > REHBELITISCHETH -2
BRAEZRD, 32FEOBETFYE L%, BHREIMICK
D R B ER & N

EBMFEKBEOHEOHTE

DO2.5ml 17 AT DW\ARITEEEDOEFICKE kB r
RIETZ b, TheBBRkEEREL (I, 1989),
X512, 05ml 1T UToWKEFEE L, REEYHILH
T HEBRFAE ERL T, BRFAKIDEBE DRI
AFE 2003) BB ->TEE L, EEEOFAERD
EMICAMEOTE R AINA T, 8, Stns. 15, 3, 6, 90
DODESAH 5, 25ml- 17, 0.5ml- 17 AT OmEHEEA
ERDEBEBEARBORAMOEEL L, 77— FI2i,
1956~2005 - F TREDRAMEERA L7, 1989 LI
AIEOF—- 273 Tk, ZOMIZITE - NBOKE
FEHEOT — 4 TEHORNE L L,

FERRE
HEBTRFAEAREL TS LHET AL LT, K
WEFEBBBERGEESE 2005 12k [AXL Y -7
@~%E, BHE®1SmBT, 2uu 7 4 LalRED
SCOR/UNESCO¥: T 50mg-m> Ll L, BHFBRLAENEMN
150% LI b, pHA85P LA E ], £/, B (1998) I2X D
LEME M 1LSmP T, REEDOMIREED, KIUET
10° cells ml™!, /NEFET10* cells ml™' BLE, 20w 7 40
alBEAIEL LR EENS0mg m™3] REEE T
5. KRETIE, 205 BEME1SmET, pH8SELE,
ERBOBFHNE 150% L LO &2 THA 2 RIL
L7, Stns. 15, 3, 6, 9, 2, 8D 6= DWT A 1HIOH
HF — 22 oA LEFORMIBE R L Uk, FREORLE
BB, WEGEARIEE & 22k 6 A, 1966 FELIFEIZ
A1EOERERUCEFTCOBERERTHLIZL2E, R
IR e ARER A O(E % A B ISR E 2 . EER
BREOIEEOS 5 1EHESREOBAIZX2EHE B
YhidRE e U, 2B A REIOBAITE OEIZRS L
7=

7w =R

B b OFEEESE BN T B St 3 ERMBFORERE
LT, R, EBLERBOEEZ, DO, NH, N, PO,P,
FEHHE OBRELT %Pk 5 (Fig. 2).

KA
SHMOAEAFES T L ICA D L, FREKEOFHE
174~17.9°CTH 1 , BRTEMNMEEIZS - 72, BEAKE

1315.9~16.5°C T, BRTEWEIZH 35, KENED
Stn. 6 THRBED - 2. BAffIL, RfEHN28.5~324°C, [E
JE7324.2~28.8°CT, KIF - IKEL LEHRO Stn. 15 THH
Xhte, B/AMER, EEH5.8~6.7°C, REH 6.0~6.8°C
T, £EiLsm 3, BEIESN 9TH 7.

E£BTIXT~-8RIZ25°CA2 B A REAKRE, 2 AEIC
10°C % T A 2 BIEABIHR AL Wiz, KEORFELEH %
BBE, REZEOI~1 AEI, 15°COREME4ICI1LA
25 R2AICTIAAT, RBEWHRAIZ LR, BF10°CE
THEZEHBAAEED LIIERL TR, BETIHIAE
12 20°C Ll EOBEKIR, 2~3 A2 10°C BT O HBK K
LhoTwhk, KEOREEGHE2 A2 L, KETE10~2
AEOKEABIHAICER L, HFE10°CE TRIS Z LA
Al & %5 Tz (Fig. 2).

A AR R B 3 1 R BT DO KR (°C) R ERZHT 5
& (BFERDAR), ERBIZ, 1A, 11 ADAEE, SAD Stns
3,6, 8, 9L9AMDSMms. 15, 2, 3, § THETHICHEREY
BWhohi (Table 1). 1A, 9A, 11 AIXEIMERTH D,
145720 0.03~0.05°CHEIML Tz, LaL, sHIE®®
WA EEDA DI, 145721 0.02~0.03°CHAD L Tiriz,
EEIZ 1A, 11ADE, 3ADSMs. 6, 8, 9, L7THAD
Stns. 6, S THETMICHEBRZMEY SN, 1A, 38, 11A
BEIMMER TS Y, 15720 0.02~0.05°CHEM L T 7z,
TAREAMMERTH D, 154720 0.03°CHAP LT\
(Fig. 3).

KBEERBOEEE (o)

Stn. 3B ERBLEBOEEXEDOEH A5 L (Fig
2), RBARETAERIIS&BA, SHERAMEDT
RXFIZF 1TSS Uz, EZE0EW R EBRICHE
WABDE L, 19604F-EH, 19684FHH, 19754FA[H, 1985
ERtE, 1998FRIBRICKEL BoTe,

DO
SHBRODOA#FE/R T LIZAB L (Table 2), BEDFIY
B 6.1~69ml-17!, EEDOBXEIZ13.3~174ml-17!' T,
WEREBRTEWERICS 5 2. REBOFHEIX
34~43ml 17 Th - 7=, EROBR/MEIZ0.0~02ml 17T,
FTRTOFABEACTEBREL LB ZhIOEWREIZ L -
7=, kb, KBOABRIKALRII 195547 RIZPIHIL (Sm. 4,
20ml- 17 THID THER S h iz,

Stn. 312 BT AERBLIEBODODEEH %45 L (Fig 2),
EBTIT1960FEED 5 EBIZ7.5ml- 17 2 2 3 EWED
AbnBdEIcko7, 1I93FEICEY 224D, 10
ml- 17 %82 B{E S BiLo 2. 19804FEHIZ—HIKT L,
1985 ELEF U LR L 7=, 1990FEF VKT L, 199541
Bl FRMERARLTWS, RE T, 19564FHIZ2.S
ml- 1T L FOEBEAMNAS R, 1956FLIREIZTEZFIC2.5
ml 1T U T ORABEEILT LS 0k, 56101
ml T PTFeaBZ LB A6, 2000, T
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Figure 2. Temporal fluctuations of water temperature (°C), DO (ml- ™Yy, NH,-N (uM) , PO,-P (uM) , o, (bottom-
surface) and transparency (m) at Stn. 3. X-axis is for year; Y-axis for month.
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Table 1. Slope of water temperature (°C) per annum, obtained by regression analysis of three years running mean of
each month. (*: p<<0.05, **: p<<0.01)

Station 15 2 3 6 8 9 mean
surface January 0.04** 0.05%* 0.05%* 0.05%* 0.05%* 0.05%* 0.05
March -0.01 0.01 0 0 0 0.01 0.00
May -0.02 -0.01 —0.02* -0.03* —0.02* —0.02%* —0.02
July -0.03 -0.02 -0.02 -0.02 —-0.03 —0.02 —0.02
September 0.05* 0.04* 0.03* 0.03 0.03* 0.02 0.03
November 0.04%* 0.04%* 0.04%* 0.05%* 0.05%* 0.04%* 0.04
bottom January 0.05%* 0.05%%* 0.05%:* 0.05%* 0.05** 0.04%%* 0.05
March 0.01 0.01 0.02 0.03%* 0.03* 0.02* 0.02
May 0.01 -0.01 —~0.01 -0.02 —0.01 -0.01 —0.01
July -0.01 -0.02 —0.03 —0.03%* —0.03* —0.02 —0.02
September 0.02 0.01 —0.01 -0.02 0.01 0.01 0.00
November 0.04%%* 0.04%* 0.04%** 0.03%* 0.05%* 0.05%* 0.04
Table 2. Mean, maximum and minimum of DO (ml-17") at each station in all observation periods.
Station 15 2 3 6 8 9 mean
surface mean 6.9 6.8 6.8 6.6 6.1 6.4 6.60
maximum 17.4 14.3 14.9 133 13.4 15.0
minimum 1.8 1.6 0.2 3.0 14 2.0
bottom mean 3.7 3.5 34 3.5 3.8 4.3 3.70
maximum 7.9 9.6 8.2 7.6 8.2 9.1
minimum 0.0 0.0 0.0 0.0 0.2 0.1
Table 3. Mean, maximum and minimum of NH,-N (M) at each station in all observation periods.
Station 15 2 3 6 8 9 mean
surface mean 12 12 15 11 9 9 11.3
maximum 407 151 679 108 77 326
minimum 0 0 0 0 0 0
bottom mean 14 13 12 7 8 7 10.2
maximum 89 85 114 52 50 58
minimum 0 0 0 0 0 0
Table 4. Mean, maximum and minimum of PO,-P (1M) at each station in all observation periods.
Station 15 2 3 6 8 9 mean
surface mean 1.0 0.9 1.0 0.8 0.9 0.8 0.90
maximum 17.1 4.5 7.8 5.7 6.9 1.7
minimum 0.0 0.0 0.0 0.0 0.0 0.0
bottom mean 1.8 1.7 1.7 13 1.3 1.1 1.48
maximum 15.1 7.1 10.7 7.1 5.4 5.1
minimum 0.0 0.0 0.0 0.0 0.0 0.0
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Figure 3. Water temperature (°C) three years running mean of
each month at Stn, 3, Values of January (solid circles), March
(open circles), May (solid squares), July (open squares), Sep-
tember (solid triangles), November (open triangles) after
1950 were calculated.

D1 AEET25ml- 1T IFAMEET 2 22 8 A 6N,
NH,-N
EHIONH,N Z2HER T LA B & (Table 3), FHEIE
FKEMR9~15uM, [RERT~14uMTH Y, BRTEL,
BOTEL ZBHALAS N, BkKEIXEREH 77~679
UM, EER50~114uMTH D, KBTORENERBLD
ZELLE»ro7. BARER - KELLISNIThH-7.
Stn. 3BT A ERBLKBONH, NOEE # A% & (Fig.

2), ®EBIZ1962FEE T3P B L, 1963 FE» 5 EFH

L, 1969~19704RIcB KL - 72, 19694 5 A - & HAM &
KOETIUM ZFEER L 72, S HIZI9TAFEHIZY — 20351,
Z OBWA U 1980FLIE, BRI SuMElR, £F3eR
£ < 10uMTHER U 7=, 2002 DRI EMEZRL T5uM
BETHRL WS, BETIX1969~19701CI2FZEIZ30
UMD ABR AL N, —BRA L, 1974FICHEK
Lo, 1975 FLIREIRE THER L 7248, 1994~1998 4%
EICIEED TRB LA, 1995F8 I BMRAD 114
UM ZFEERL 7=, 2004 DL S M A THEIZES 250,
1960 FERATE L BIBEIC L5 7.

PO,-P

2HEARE DO PO,P A RAER I LICAS L (Table 4), FIFHEIE,
£BT08~1.0uM, EBTLI~18uMTHD, KELD
EBOHAEL , BRTEHWMERIC S -7, £/, NES
SRR L D, TERMITEMERICS - 7. BkERE
JBH45~171uM, EEASI~151MTHD, wWihd
RO S 1583 K TH -7z,

Stn. 3IC BT BEBLIEROPOPOEH %A 5 L (Fig.
2), B TiX, PO PO EFHIINHNDZ N (19634FLH)
XD REL 196SEEHIZIHED, ¥—21X1977~1978
FFEIZASNT, BAME (7.8uM) X 1977F 6 ICBEX
Wiz, ZOBIBESEET, 1990FRBEDEETIE~EE
WWELLEAL, 05uMZTHEZ LS ICh-72, BRETE
BEEIIEL, MEABIZEA T3, RBLDRREL, 1960
FERAEL» S EH L, 19B3FEICE - BALNRZ, £
D%, WH LR, ERICHORIE V2, REER
1980 R BEHD 6 1 uM %2 TEIBERA L, 1990 1%
ERFELLIFHAL, 05uMETRIBZ Z L% & - 72, 2001
FELIEIT R R L T 5,

BEAE
SEAMOBEE OFIYE, RAlE, /MEARERI LIS
BB L (Table 5), Fi9132.7~38mTH Y, BRTEKL,
BOETEVWERTH - 72, 2EHMORAMEIX S0 8019
m, B/ME S, 15, 6, 2D 03mTH - 7=,

Stn. 3=k BBMEOEE % 45 L (Fig. 2), 195084
#%E»BIET LIAYD, 1960F LI, EFRICKRMOELEL
BB15mBTICET T2 X512k 572, 1965~19704F1%
BAEPISmTORIAEE L, ZOREEL, EIF1L5m
Plhizk -7, 19808 RBFLUBEIZ1IA, 2AEICSm
PEroE ABBlEh3 Ed1I0h -7, 19834FEHE
2000~2003 FEEEIZ —BFH EH LT 5 A%, Hi#E I 19834
A IomBLE, #3199 11 A, 2000411 A, 12
AlZ10mAitB 2L 2720 TH 3.
MEOKEETREHOZEL
Stn. 812 F 1T BAKEM18CHB L ISCCAT B - &Ik
HOREZE( (Fig. 4) #A5 &, 18°CH % TH BRI,
1960/ 1 AVID TH - 7208, ZOBBLIZEL kD,
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Table 5. Mean, maximum and minimum of transparency(m) at each station in all observation periods.

Station 15 2 3 6 8 9 mean
mean 2.7 3.0 2.9 34 37 3.8 3.25
maximum 12.0 15.0 12.0 13.0 19.0 16.0
minimum 0.3 0.3 0.4 0.3 0.8 0.4
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Figure 4. Changes of the dates to reach 18°C and 15°C at Stn.
8 each year. Three years running mean was calculated from
the values observed from 1967 to 2001 at Stn. 8 by
Shichishiromaru, the watch ship for oil pollution, and then,
last days in the periods of 18°C (open circles) and 15°C
(solid circles) were determined for each year. Straight lines
are regression.

1990 RICiIZ 11 A 10 HEE & 2 > Tz (y=0.283x+31.8,
I0A1B%#0&F %), 15°CHEETESHIX, 1960F/T
INHAFRETH - 7=DIZ3F L, 1990FRICIX12A5HEE
o7z (y=0248x+57.3, I0H1HZ0L93)., Wihd
AT B 2B EmAE80 5 iz (p<0.01).
ERMRKAOHIE

1956~2005 4 D SAELHEN T D BEE TR K b & CEEBR A
W AHEMEEAOHRTHET L ORKHBEHAEOEEASL L
(Fig. 5), BEEFAIRIX 19654 % TI1Z30% T T/ T
H o, 1966~19874F1%, 19724 & 19774E12 20% LU I
BT U2 %2R0 T, 30~60%8 THI L, BIEFRAE
BNRKEI ST, ZRICH LT, 19884 LIERIX, 19884F
25 1996 FEDRIZ/NE < o 22 hY, 20004 DIk, BU L
U7 EEERBIZI965FEZTTIXI2%EETH -7
A, 19664F1233%, 19674R1C27% IC BB #HmL -, *Z
DI 3EMIET L, 1970FICHU20%ISEML 7. 20
WAL, 1980448, 20004 DI REM L Tz,

B quh e UCOHE4E | O & 8 & @iz
3&, RBFK - EHRFKEAVBMT2EEA6NZ
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Figure 5. Change of annual maximum of the percentage of hy-
poxic (2.5ml-17%, gray and light gray) and anoxic (0.5
ml-17}, black and dark gray) water mass in the vertical cross
section in Tokyo Bay. Gray and black show the results from
monthly fixed observation only while light gray dark and
gray for data since 1989 show all observations for each year.
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Figure 6. Annual changes in the number of red tides occur-
rence defined as when transparency was less than 1.5m, pH
was more than 8.5 and DO was more than 150% at six sta-
tions (Stns. 15, 2, 3, 6, 8, 9). If one factor was not observed,
the other two factors were referred to for judgment. If two
factors were not observed, the data were excluded. The data
were totalized by an odd number months from 1952 to 1965,
and in all months since 1966 but 1974.
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Figure 7. Annual catch of flatfishes, bloody clam (4nadara
broughtoni), Japanese cockle (Fulvia mutica) and swimming
crabs and change of annual maximum of the percentage of
anoxic (gray line) water mass (after Chiba agriculture and
forestry fisheries statistics annual report).
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