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Table 1, Discharge of treated municipal sewage and plankton presence in Eastern Hakata Bay.

Daily discharge Discharged Plankton Plankton by |Ratio of
of by netting | PrecipitatingjPlankton
Year treated sewage N P tons as tons as ppt.
m3/day tons/day | tons/day |dry matter [ dry matter to N
1966 30,586 0.714 0.076 - - -
1967 57,590 1.346 0.144 - - -
1968 73,970 1.728 0.185 81 592*% 343
1969 112,918 2.639 0.282 103 728% 276
1970 132,380 3.094 0.331 126 916 296
1971 161,314 3.770 0.i29 120 874 232
1972 204,899 4,787 0.164 181 1,319 276

* Presumed from Plankton by netting.
The concentration of N in the treated municipal sewage was adoped to be 23.4 ppm, and
the concentration of P was adopted to be 2.5 ppm until 1970, since then 0.8 ppml).
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R — N!/Tbl! nz! ............ nl’l! ................................................... (2)

COHEAEHERRE, Table2iRT Lok, BEROMALILCELIMAT S, @RX0bI LK
A& 5 5,

(nR = (nN) — {Znn t +onn,t e +inng!}

SrirLING PARnI=n"e¢ ™ 2zq {140(1/2) } 2V, o3 KHRCKE Inflx & 5RO

Table 2, R values and BPI in combination with number of species
and their individual numbers when postulated that N in egation (3)

equals to 10.

ny n, ny m, ng ng Ny ng T n, R BPI =(1/N)In R
0 - - - = = = = - - 1 0
9 1 - - = - - - = - 10 0.230
8 2 - = - - = = - = 45 0,781
8 1 1 90 0.450
7 3 = - - - - - - - 120 0.479
7 2 1 - = - - - - - 360 0.589
7 1 1 1 720 0.658
(3 4 - - - - - - - - 210 0.535
6 3 1 840 0.673
6 2 2 1,260 0.714
6 2 1 1 2,520 0.783
6 1 1 1 1 5,040 0.853%
5 5 = = = = - - - - 252 0.553
5 4 1 1,260 0.714"
5 3 2 2,520 0.783
5§ 3 1 1 5,040 0.853
5 2 2 1 7,560 0.893
5 2 1 1 1 15,120 0.963
5 1 1 1 1 1 30,240 1.260
4 4 2 - - - - - - - 3,150 0.806
4 4 1 1 6,300 0.875
4 3 3 4,200 0.83%4
4 3 2 1 12,600 0.944
4 3 1 1 1 25,200 1.014
4 2 2 2 18,900 0.985
4 2 2 1l 1 37,800 1.054
4 2 1 1 1 1 75,600 1.124
4 1 1 1 1 1 1 151,200 1.193
3 3 31 - - - - - - 16,800 0.973
3 3 2 2 25,200 1.014
3 3 2 1 1 50,400 1.083
3 3 1 1 1 1 100,800 1.152
3 2 2 2 75,600 1.124
3 2 2 1 1 151,200 1.193
3 2 1 1 1 1 302,400 1.260
3 1 1 1l 1 1 1 604,800 1.332
2 2 2 2 2 - - - - - 113%,400 1.164
2 2 2 2 1 1 226,800 1.233
2 2 2 1 1 1 1 453,600 1.302
2 2 1 1 1 1 1 1 907,200 1.372
2 1 1 1 1 1 1 1 1. 1,814,400 1.441
1l 1 1 1 1 1 1 1 1 1 3,628,800 1.511
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Fig. 1. Distribution of Biological Population Index {BPI) averuged over 4 yeurs from May
196& to Feb. 1972. The measurement was performed every three months.
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The shadowed areas with BPI less than 0.6 equal to 32.3 Kkm?.
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Table 3, Plankton presence, plankton concentration, areas with BPI less than
0.6 and the deteriorative effect due to excess plankton on fishing ground.

(a) . (B) Deteriorative
: effect due to
Period Plangto:egigience Area :;:: :Pg less excess plankton
Y g : on fishing ground
tons/bay mg/1 km2 km/ton
May, 1968 to
Feb., 1969 81 0.46 8.5 0.105
May,1969 to
! Feb.,1970 107 0.61 27.1 0.253
May,1970 to
Feb.,1971 126 0.72 39.3 0.312
May,1971 to
' Feb.,1972 120 0.68 36.7 0.306

VBEYRDLH L, 1968 FiX 046M/L THb. BPI0S LITOKBL 85 BETHB, LL,
1969 i, 77 v 2 b VBER 061m/L Lich, BPIOSLITOKENL, —ZIC271k3TEKL
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Table3DBRBOMICRT LI, 75 v 7 b vBEEN 8ltons DBRL, 0105k% ton TH B,
107 tonsDIHTIE, 0253kl ton, 126 tons DOEHTIL, 0312k tond V5 BAIK, F5v s+ vH
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Fie. 2
Distribution of av.BOD of bottom mud in HAKATA Bay  ( May1968—Nov. (971 )

Corelation Coefficient between BPI and BOD = -0.884

——
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X, —E0BRRLELFEYY, K+ BOD OH
Kix, BERRCIEE « i BB S B OB
KEEWHRL, IdiEac, Bt BOD oEX
RASTHBRABOREYRL, BEE«PrR
TIRFRTIRE, HRCIERT DL H#
HEhz, LrL&tboEYEL, HHEAD
BOD % % o CEAPTHRELY ERT, T EEEL,
—ZREO BPI ¥ FTb0r Exbh5, Th
by, Bt BOD», 450ppmbH 3700 ppm &
FiL+5% S¢.18 T2, BPI 20,5070 £TO
BICEILT 50, Thil kD BPT tidich i
WEMB OB Lt > Tkh, Et BOD »60

ppm# B 550 ppm i EALT % S¢.10 TWX, BPI
11075 55185 TTEILL, Thilbcd, BT
ABEML LA BRVWEREERE > TWB (0 &
#RIEND, THhbb, Fig.3 RTHEM b
LA OBMmR, Ak d 5EL BOD 0%
{LEpEY R L, ORI BPI 0B {b&EELY T

Table 4. Corelation coefficients
between BPI and BOD of bottom mud
obtained by survey from season to
season over four years since 1968.

Station No.|Corelation coefficient
2 -0.013
4 +0.078
5 +0.148
8 -0.186

10 +0.315
12 +0.016
13 +0.630
14 -0.220
16 +0.176
17 +0.259
18 -0.46%
19 +0.093
25 +0.062
20 -0.007
21 -0.245
23 -0.166
31 +0.295
32 -0.266

av. +0.028

L, chbo@ifiv#z T, Et BOD b, %7 BPI 3B LE L EE2RBLTVS, Rl
w, KB+ BOD oBEELWING, MERSLRE LS iodie, — i BPI BfETT5z &, %1,
B BOD MET LTS, SBEESORENS BPI pMETT5Z L 4BATHD, WHDballance
Ed k< EhicEL BOD ok, Bb @\ BPI »R3hs L LBATH B,
ZhooBHEYEGThE, E+d BOD, TichbBbBOD & BPI kORI GARDRIIT %

BP1 of benthos

o i
0 800 1600

2400 3200 4000

Av.BOD of bottom mud
F16. 3, THE RANGES OF VARIATION OF BPI AND BOTTOM MUD BOD AT INDIVIDUAL STATIONS SHOWN

WITHIN ELLIPTIC CIRCLES AND THE RELATIONSHIPS AMONG THEIR MEAN VALUES INDICATED AT THE

CENTERS OF THESE ELLIPTIC CIRCLES.
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k X BOD
BPI of bent/ws>'<= S M , e ©6)
(k,+ BODy )
BPI yx PRABPL/ABODy = 0 &1s%DT, (6)ADLTNALEI N B,
4BPI _ kX (k,— BODy ) S YU (1)
ABOD (k,+ BOD 4 )°

BPIy 4 x O, k,—BODy =0&t750DT, ZORKOEL BOD 2¥< BODg, & THIZ,
k, = BOD gy ®B8tk% 5 %5, Zh#E)RIARATHITEBIRE 5 %,

k
e (8)

BPI = ——t —
MAX 1 X BOD gy

#3855, BPIy,x= 13, BODg, = 150 LT, k = 780% 5 %,
ZhHoExERCRAThE EL BOD FfEie BPI FHEL OBNZORSKILTIZ L &R

Do

780 X BOD y
Bplav = S T (9)
) (150 + BODy)

(OR& AT, BPI,, =06 L7225 kX 57AKBOEL BOD #RD B &, 977ppm &ies, Lok
2T, 1000 ppni @z &L BOD 3 HE LAV Ll b, KB BPI #206 LITOKBOK
+ BOD iz, FE2R»LIWOLNL IO, KRECE\T 1000 ppm PLEOKIE E LTHRIN TS,

e) E+ BOD L4 KL 4iE & ORF

ERLBRY T, BEXL0FH BOD A, 131~412ppm OKiEL, h¥BRICENRL RS
ENTES, ZOBRESD BPI FHHEL, 1305 10 O&EBE A b, SREISHE PREISE #K{EEe
HoHeEo WA RB Ih T 5,

B+ D FH BOD 5 902~1025ppm  DfEi%x & oKL, hHEBART, TOBED BPI FHfEL,
06315 056 OFFICAY, FHIE PREIE HKERI2ZEOFIENRE IH, EHEIHK
LT3,

B+ BOD 78, 1205~2139 ppm OfE%x &2 X 5 7oK, BEEARTHY, BPI DY
iz 047 225 017 OFHAKH Y, AEIE FREIHE KEFIFEoFIEENRANIhiicE
Firus,

Ok B, Bt BOD oFHEIEATIE, EE«POBERRIBIT5, BRE»HBRGEK
HET, XBLTROGKAZENE LU, AE3E FREZE BEEH4E0HEBEY, o
hCEBHAKRCOZERL, BARcAR L VERREERAET Y, £ o, 5B
TIRAERLARTAETH 5o

¥ benthos : EhxW
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b, BHME BPT OEEREY
BPI FHETER LD 1004
#, T7#dbb, ERORBIRE
% il & hid, Fig.4orRd
X5k, W&k -BEEERYE
TH5T LBbh B,

#ARD 0, BPI FigfEs
055TC, WHAKEEIXL00% ot

BT enbind, LIni=T, &
BPI F#HfEn, 055X 9 Kied §ost
BEe, EExapoedizey =2
A2, ThibdEVEERE, 06

FEROFEIHKT HETTHY,
BHELT, thxMALT K o4t
Hoa i WX R 5B BT
WZENBHLNATHD, WBEL o2
THAMELED TR LD

- s . 0 y y : ’ y
LB EBBAATH 0 20 a0 60 €0 100 120 140 160
ZOBBREEED S HILFig. Unstability of benthos habitat
SILRER T B, BPI deviation / Meon BPI

- Fie. 4  Relations between meon BPI and unstability
E£ 4 HORR of benthos habitat .

E4 BOD & BPI s oA
BEoHBERR LRIV ERRERER. LA L, ThOOEHEORICIXIFER I KE I ADHEY
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Fig. 5 Unstobility of benthos habitat presumed from mean BP1 and BP! deviations

a) 7HH1 OYETEEH

T A HA wRGCE L B AR RS L, TableSimRT X ok, 1968 5Fhb 1972
FEE¥Tolic, KBOERETE5AL 8 A3 TEHPbhAZ XML, X oT, 1972%06
14H, 248, 7TA26HFIV'8 A 3 AR, ENBLEBORA «WREYFER L, BEEOEELKIRLHE
L, ZOBRIFigh KARTIOR, BRETIE, RRCBEENRFEL BREYETDLOXHRED
BErgzmih, BEVEECE-TWwWA T Eilbdiot, TOARMDO KR CRETRIHERIICEY, &
WSRO KR TIREEFEL T Z E S L, ZOMEA4ABITOVTHRTTH ot

Table 5, Seasonal population of Blood Clam in Hakata Bay (Unit: Individuals/30 m2)

Central Bastern HAKATA Bay
HARATA Bay Northern part Touthern part Barbor

Date~gt.Bo. 20 19| 17 16 15 13 12| 4 9 3 5 7 6 8 16 mj 1
1968 May 125 4 2 o n - 24| s 125 - - 152 - - - 12| n
Sept- 12 ol 2 o o - o]l 3 24 - - W - - - 3| o

Dec. 59 8| o 1 8 - 92]192 38 - - 1322 - - - 10| o

1969 Peb. 54 o0]1 T 4 - e8| 4 28 - - 46 - - ‘- 16| 2
May a4 of| o 32 4 - 132|108 % - - 48 - - - 16| o

rug. 88 4] 8 o o - o] 0o 32 - - 0 - - - 9o o

Nov. 60 4 20 16 12 - 464 8 32 - - 0 - - - 16 o
1970 Peb. 48 o 3 7%0 44 - 34| 2 4 - - o0 - - - ol a
May 46 368 | 34 192 o 62 6| 16 16 16 248 296 16 53 180 21600 | 4
hug. 66 4|3 4 12 24 ol 9% 0 12 11% 128 24 56 128 926} 16

Nov. 28 o] 332 6 1 16| 96 16 2 40 20 o0 68 56 224| oO
1971 Peb. % o)1 o 12 8 o s 3 7 86 7 8 112 38 2016| 80
Mey 22 - |1 120 24 40 o]l232 o o 22 26 o o o ol o
hug. 2 -]l o 1 o o|l3% o € 5 1 o o o o] -

Nov. 2 oleo o o o ol o 5 10 1 o 13 s 22| 200
1972 Peb. 2 o| 2 o e 2 o] 22 4 s 32 23 56 e 6 3B| o
June - o] 4 o o 3 o} 22 8 8 33 40 o0 44 of -
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Fig. 6, Areas receiving destructive
damages to benthos during summer.
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Table 6. Dissolved oxygen in bottom water in EASTERN HAKATA BAY

June, 1972 July August

St.No.J|13 15 16 17 19 20 21 23 25 26 30 14 16 19 22 29 1 29
1 79 66 53 T4 44 32 46 81 86 64 41 58
2 66 74 77 80 77 T8 51 99 T7 80 66 65 60 173 82 64 48 178
3 62 51128 58 62 38 T3 81 68 75 SO 44 54 67* 76 63 20 56
4 61 59 108 42 64 58 59 105 72 58 43 48 65 47 173 62 31 56
5 65 54 52 38 58 35 106 85 56 66 124 48 52 47 63 63 20 37
6 69 57 46 42 70 65 68 83 62 54 69 14 61 24 51 58 32 52
7 85 52 59 43 83 €5 86 77 62 62 T3 42 56 30 63 T3 91 38
8 ng_ 55 48 48 37 51 62 52 51 102 65 36 49 30 78 59 36 39
9 52 49 50 41 58 36 20 14 65 50 46 13 31 17 59 54 58 43
10 59 56 165 120 170 71 99 53 84 - 58 66 85 40 72 134 |102 59

11 61 149 200 60 200 140 112 54 125 98 200 20 105 52 82 104 1172 72

12 63 27 12 15 17 4 62* 10 24 50 239 14 86 15 91 71 54 60
13 70 38 41 35 30 7T 2 42 58 46 44 26 99 17 90 jﬁ_-.ﬂf.-sz

14 63 44 41 46 28 10 86 43 57 42 48 32 59 26 92 50 il
15 |le7. 64 T3 57 68 42 83 85 56 59 43 27 76 73 101 54 57 172
16 (171204 45 36 8% 102 66 84 82 65 130 2 66 26 106 111 Q6 19
17 79 80 104 85 81 49 T4 91 85 80 T 39 78 79 93 75 45 713
18 68 82 75 54 88 55 97102 175 64 59 49 66 63 T0 58 39 52

19 95 95 121 110 108 72 49114 - 84 - 68 78 90 87 74 46 76

7 Y Y r A
Thin lines indicate the periods shown with BPI 0, Bold lines the periods H2S detected.
Solid triangles show the date of biological survay for BPI of benthos.

EAFEOREFBRAIN A PEERT, Ccoghd, BEEAYORAIBEBRENMET L, RILAES
RETHKBRCTHEIND Z LRDATH 50, BEBREIRFTCHFEL, RIEKENLRE LVKR
TLEREIhBI EBBAL Lo,

B4« YOBERRL, BFBREORS, »5VFAREAROBEL Sh TR, BTFLLEZ
o IbLWZERBATHS, LHLARD, SZRIZODBESHD D, BHEBREOHEILH
PRTbhTwab o & e, BERKC X AMIEKFERBOSRETH 5, ZhbOREKRORBIL,
BELAEY TS5 v 7 v YHEEL, XBOBEBRR, KBALEROLDR, 200 %%#z 5 AN
RETH B, LnoT, ThoOBFBEL, EBCEERLT, ERKOBERRELEDTWH,
BETI, REBRERTEbIAW0T, ERKTEBRERBERLOTRUVAETHIRENFE LI,
T, BARTIIRIBI hicws, BEORMKENSREL TV ehd B vBErsH o1,

DX END, HEHLERATORED G TERBKOBHFRELIE L, HB/ELETHR
EAZEEYU Lo BEEREOEYUREL, TableTiRLI,

ZOERMD, BEILERBICHTC, BHrCBEFBREAET LY, EBEREEIET Linh -
tro B ELMFBEOBHEIBAE LI, Lt >s THEBENRZ L UEEAYIEBRTEESRS
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Table 7.

Dissolved Oxygen in Bottom Water during the Period of 10:00, 25th to 12:00, 26th of June, 1972

in Eastern HAKATA Bay

St.No. | 10:00 12:00 14:00 16:00 19:00 24:00 3:00 9:00 av. dev.
-12:00 -14:00 -16:00 -18:00 ~22:00 -2:30 -6:00 -12:00
2 7 100 180 85 72 76 78 80 94 * 34
3 68 77 76 62 76 51 54 75 67 £ 10
4 72 72 73 7 n 59 58 58 66 £ 7
5 56 67 62 67 T8 65 66 66 66 + 6
6 62 65 58 57 55 64 57 54 59 ¢t 4
7 62 T2 70 15 69 63 66 62 67+ 5
8 51 56 62 56 96 7 61 102 70 £ 26
9 65 135 65 68 62 55 56 50 70 * 25
10 84 95 104 80 - - - -
11 125 200 200 200 47 57 126 98 132 £ 59
12 54 120 65 58 53 43 42 50 60 * 24
13 58 67 58 51 51 49 42 46 53+ 8
14 57 64 62 56 51 47 44 42 53+ 8
15 56 68 80 73 88 90 73 59 73 £ 12
16 82 135 200 135 126 194 68 65 126 £ 49
17 85 83 95 90 85 80 76 80 84 £ 6
18 75 80 75 76 65 64 61 64 0+ 7
19 101 102 102 92 107 93 87 84 96 + 8

St.8; 2 km off river mouth.
St.16; very shallow waters.

St.2; near entrance of harbor. St.9; river mouth.

waters. St.12; shallow waters.

St.1l1; very shallow

T ERES LV EAHBE L,

FALARROBREX AR, 6 A4 I, 005ppmd b 04ppm D& FHI KB K iiftkEzs
mihEh, 6 A24Rwid, HHFEELS 0075ppm OB KIES N, LrL, 7 A25A I, T
hotR bR Ehizr o, 8 A3 HKIE, 0~03ppm DEECKEM Iht, Fig.Tiwit, 6 J14
A RE L REESBC R 20 AROSHRE R LI, RRRE L ERBKOBERED S
Mt Fig.8ic/R Lo

CHLORRNLIALLRE &%, FUEBKPCRILAR LBFRESRACKRBIh, i,
BEREOBRER, 4~Tppn LKoTWHE L Thbo BALAROEML p- amins dimethylanil—
ine Bk VU SR, REOEEEL b7 oCTEY, TREOBRBIZAEE LIt

DT LR, BFRRLBMAEARRIXELLEVCETOIRKOELYBLTRESTH HEND T
{, BEBENHRLTIOD, RAARSFET LT ELCLBIAEET S LBl L
DTHb,

TOZ Ehb, BEAYOEHL, BEBRORZIC IS ETHELABESh, RILXRLMET
oD, ELPRIEBYOBRISMEDOBHC X B LBBATH S,

LB, RECERBLOEN#ER, 7 v b vhiliz, EHBLEECIRELD BOD L
1000ppm %8z T\ %, TORDICELE~YOFERIL, ABLEDE/ny Y /v 8, APAYE, <=2
HvADENIEIERTHDRERD, BRETRA VT =, oY akhloVERROhBIBE T
Vo BIBERTIE, 1000ppm DB+ BOD % b OMRCB >TEB LD 57 24 4 8RB HR B2,
1000ppm ¥ 81 2B+ BOD % b o4KBTIE, 2/ ~F 44, R+ VFANAL, {1 2AZ VLY,
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Fre, 8
Distribution of DO at botiom layer on June.!4,1972

Fie, 7
Distribution of HaS—S in bottom water on June,14,1972

Fa A EFIRMED 2\ WEBIBHENEF LTV HIBE R, ShbndWd, B KBEEL,
B#LT, Wb 5BROBVGBRAEY 2 ), EBHELHERL TV 200FETH 5,

> 5

Bb <, brEEETDL, BRETOBE L ARLHETABRKOBEEERL T2 TH B,
Lad, ZhbHOB|HTIE, FAFABEOEMBESR, KEEFHERELTPITTHB, Lich
2T, RBHHIhZNES XCPOBIEFEHEAL, 757 r VIREHRBLTOLRXTTH %,
Bk HEORMEY BT, TRAEERED FRITOIBRECLE >TWwW3 L5 THB. 306 DETFAN
BATHE, E3RABR Lo THPERARTY, EFHLhs t3BHATH S,
OLIAEOFUEEI TN TRETH Y, KRIFRCHT AR RAROREL LTEEATETD
ol LHL, ZO(NEEAERTHIE, BEBR, RCEFROEFTOHTH2RNBARZ, Rk
REEL, #BE LToffiflilkbh 333 Th 5,

BEDE Yt KB L THHHBEKDONIEETIE, NYPEYRERL C Lk bty 83 KNE
CEoTHPERIILTS, TAERBORALD, ThREHEEL LRBHATHS, LichisT
BN EZ T 5 2EHEKOABEL L L TP T LRIARFTARTH 5,
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s Y A2 48, EROEAQBIGOB L LT, PRERIEESRSPBE TH S, 0
HFLGCEKABEC L > T, BAIEAOAENR TR AOLR, BREAROKBIERE Ih, BER
ERREINT, CoRBRERCEL LR ABEBLRFGRREIR T LT ThH 3,

X ik

1) R T AL, BR42EE ~47EERRY

2) H.U.Sverorjp, MW .JoansoN and R.H.FLEMING . The Ocean s Prentice Hall, Inc,
N.J.(1961) pp. 160

3) s AR« ZR » MT « #0H 1 £ 4 BRI 0 MISEOBNEEICRITTHE L OO naass
BORARSBO BT 5EE, UMKEREFTKESR (1961)

4) T.R.Parsons, K.Srepgens aend J.D.H.STRICKLAND © Oh the Chemical Composition of

Eleven Species of Marine Phytoplankters, J.Fish . Res.Bl.Canada, 18,1001 —1016
(1961)

5) P.N.Srorrs, E.A.PEarsov, H.F.Iymwic, RWaisH and E.STAW :Water Research, 2 .
128 — 129 (1968)

6) “SrANDARD METHODS for the Fxamination of Water, Sewage and Industrial Wastes "
10 th ed. APHA « AWW A » FSIWA (1955) PP.275

B—6—16



