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Contamination of Pearl Farm in Imari Bay

Shoji Itizuka, Yuji Fujita, Buhei ZEniTaNI and Haruhiko IRIE

Abstract

The present paper deals with the contamination caused by the pigsty sewage in the
northeastern waters of Fukushima I. in Imari Bay in northwestern Kyushu.

The sewage consists of excrements, remainder of pig-foods and a large amount of
water used for washing of the pigsties. The solid matters in the sewage are deposited
soon after being brought to the sea and directly and strongly contaminate the bottom
of the surrounding sea. In the area that extends 20 to 25 meters in distance from
the drainage, anaerobic decomposition proceeds vigorously with nasty smell and there
exist no benthos. The particles left over from deposition and the dissolved matters
in the sewage run off along with the movements of the surface water and contaminate
a larger area indirectly. It was shown from the results of the current surveys by
current-drags and ‘‘sea-markers’’ that the surface water in the area concerned moves
counterclockwise and run off mostly along the coast I (cf. Fig.1). Therefore, it is
anticipated that the sewage also take the same course as the ‘ sea-markers’’ shown
in Fig. 6 and attain to the area B passing the area A. The propriety of such anticipation
was confirmed by the microbial surveys which showed a tendency that the coliform
bacteria accumulate temporarily at station 4 (cf. Table2) . The area C where many
pearl rafts are set up, is not contaminated yet and it is considered that this is due
to the zostera-zone which has flourished on the boundary between the areas A and C

and which probably plays the role of barrier to keep the area from contamination.
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I RubiER (Fig. L *)

(1) BE& (RAEEHIL0I0) 20 5Bk 30 275K SHIEY - SRR B X CIKEKBEICH A
U7 REDWKD LA RAKT, BRRBAMBOEZREL, »DOELLRESZRL, 1[E305H
ZIREEE LT 1 HEEBEH &N 5.

@) HeKFOBEBHORTI 3, ERICH 7B bICG THRT 28BS0, BkR@
fHEDTRICR S EBICERIN TV 3.

(3) HERBAREOWKTHERINTOLLZHIC, WKLY GHEINVNIL, BRHEEZELSS
BOENRS, WHERICHTUTERST 2EARD 5. TOMZH 5 mOFIRT, HRiizs
BN I3 HEK B2 5 850mo & ¢ ATk 5.

(1) wBEHE ] ORI ERRESSEICHELTEY, TOoTEBE PP ALLTL
5. ZioKR A OFHIBOWEICZIERO KR NOMFTAD B85, T S DMFTIC & FRIFEOHERE
BROND. i

Fig. 1 Bird’s-eye view of the region where the surveys were carried out
@ & @ : Positions where the current drags were pursued
® : Drainage
I, II & III: Coastal line
A, B & C: Area
R : Pearl raft
T : Islet
Dotted area : Zostera zome
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I REUICREER

() 2T, BHRROKFREINCE > TRHEKK © ORBIREE Lb~re, BEEEEER
TRONHEROHME D %1 LA A 5L U CIRET 5T & & Ui, 2T ON%:
KIRDS, BEOWE /BB W LEChE D RKE - FE - KBE - B - A =
NE - REBHE - KIS DB AR SUREILERTAR (Fig. 2—B) OhTHEFHICEDL
SWMBEDT T B DERE T 572 IC B ESR O KRS % LERE L7,

@) XBIT, BEHKICK sNGKROBROBERMSIHIC, HABOMILEREE
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B TIRREEE & & bICHRAYT b THIEEENEL U b OBRICE D, $7REE
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Fig. 2 Maps of Imari Bay and the northeastern waters of Fukushima I.
with the oceanographic stations
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Table 1 Result of current survey : Transfer-distance and direction

Time i B
\ 8:00(8:30|9:00]9:30/10:0010:30|11:00{11:30|12:00(12:30{13:00
Drag no.

| |Re- [A4T.1[A66.2
lease m m
2 Re- |A26.7|A48.0/A38.9
lease m m m
3 Re- |A47.1/A34.8
lease m m
Re- |A27.6
4 legse A 7m 0 0
5 Re- [W10.3W 3.5A13.5[/A18.8A27.91A26.1
lease m m m m m, m
5 Re- A 5.9A21.6A T.2A 7.2
lease m m m m
7 Re- INBT.4A48.6
lease m m
8 Re- |A88.2
lease m
Re-
9 lease
10
11
12
13
14
15
16
Total 41.1192.9]9.11(101.3]10.3| 9.4|35.1|26.092.5 162.9
Average
velocity 41.1|46.5|47.633.8| 5.2| 3.1]12.6|13.0|30.8|54.3
m /3omin. )
Average
velocity 2.28/ 2.58 2.64 1.88 0.29 0.17| 0.70,0.72 | 1.71| 3.08
cm/sec.
Remarks : A —— Directed to the offing
W —— Inclined to the west
/\ —— Directed to the innermost of the bay
E —— Inclined to the east

Exa.mple : 38.9m of drag no. 2at 10:00 indicates the

the drag was transferedini/z hour from 9:30
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ZEEL, BEICHEDOTIFROTN & hREREE Ry Table ]l KZOEEEVEED
7z,
Table 1 & & hif,

(1) ZOROBERRIESURIKBLUIURT, ThZhi - BB 2~2 5 Rii%ICR
Bivie, BROBERIIIBKT, BRROKN 2 KERICED, < OROFEFHEZ 3.0 om/sec.

of the current-drag at each designated time

13:30]14:00(14:30{15:00|15:30|16:00|16:30|17:00| 17:30| 18:00

1E52.7
1 m,
A36.1A30.11A23.5
) m m m
Re- A45.8A68.7
mE

| lease m
! Re- |E15.4A51.11A49.3A27.9
lease m mE m m
Re- IA22.6,A13.5A17.9A32.9
lease m mE m m
’,, Re- 'E15.7|E11.6|A24.5/A11.9A24.8W28.9
1 lease m m m m m m

Re- IA16.3E19.4W 5.6/A26.4A15.4
lease m m m m m
Re- |E21.00A11.9A13.8
lease m m m
Re- |A\ 9.4A245

m

lease

] Total
8.8 | 75.9 |107.6 | 73.7 | 78.5 | 73.7 | 76.8 | 38.5 | 72.5 | 82.6 average
44.4 1 38.0 1 35.9 | 36:9 | 26.2 | 18.4 | 25.6 [12.8 | 18.1 | 20.6 l

| 2.47) 2.11) 1.99 2.05 1.46) 1.02 1.420 0.71] 1.01] 1.14  1.57 cm/sec.

distance in the direction of the offing that
to 10:00.
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THHM, BAET 4.9cm/sec. ZE8 L.,

(2 BHREZIIOCEREOMTE, WEREAMICRIMEFRCH THHE L, RACE
MK 3 S ORRKEOM CREBEES I, THREE S, ZOERCNAT, EHRO%O
RRE NS0 AR 2RSS D, BICL > TRECHERT 2L bd5. %
7o DR AR TR O BIER T/ 4R, BB OEE M-S 2 Emicm
2T, BRTAEAIERL S ObND. Lizd>T, T OHETREBCE>, TREREETD
5.
PlbE& Y, WERENZRTHEEEZHCSGETHD, LrdORIRESDPILOITH L,
HREAERTBEIVLBHTHRELHEIBEREOLOT, TOKBOFHEEIILET LD
SEEFACHEN A EADHIE, COX S Rkid SI5K &K A A WBERICH > THk
U, KRB 2L 55 LT ENFREINS, A OFHIRTKINOMFTICFREDHER R
bhAC &, ¥R ICSECEENR LN AT L, KR X DiLAloWEER I T3
HENR NN &, COMORREEZHSMTRLICSDENVZIID.

V HRABOMEFHBE

Pk 0 A S SRAIR S X CBEARIC T T34 (Fig. 3—B) &, HEOHICZO
BHoREIETAKRIC 8 & (Fig. 3—A) LZRY, ZNSICDWTINTE2 2TH LFH
45 H24H 0 2 [EiChc> THEFHRESERK L.

BAKZOLINLERET 1m BhSEK LUz 02RO, EHODITKALDET Uiz
FICIZEE T S0 enf@h SHoK Lz,

(1) KBEEHE SROXBEMOBIREARE LA v T I v 7 405 —1ED 28 LB
BAA o~ MEKETEK UK C.1ml (REAEAEKTIHEERL/2&0 1ml) , 1ml
BIU 10ml 0523V HE7 74 4 &— (PHO.30u $7213 HA 0,45y, £R47Tmm) THEBKE
SH S OIEB LTz, SN FNHBEEBEREK TS LT b T37°C, 33~36 Kk
Licth, BB Lzarn=— (Evr~Ha) BEEEL, Bk 100 ml hoRBERNE UTR
L7z, '

@) #irHtEa) COD : BBUREAPOFELC LB, BBOREREICOLTIISEY
OH|EXZZB U, b) TTCHRICKABEREDHE : BODIKrHLT 7V Y v Al (TT
C)BTEDOHEIEH DS P OFEA S LITiTii> 2. ©) PH: KA pH @i X O EkiE
FRBCHIE L., ) TYE=TOER A Vv F7x /7 —AEY CEo Tz,

(3) FEHER FTERITBY HHKELL S CCHIERSRE G Table 2IT—E LU TR UK,

CODODHIEMEIRERT LIC, EIFRNCR 5 L & DEBFAD SN 508, NFKIE L FHL
KR ECDOTEMBENCEHEL EBHRE L TR S &, 2HEOHITEEICIE BEELERHED.
ZNIIC COD {HD 5 IZNRARIEITBEL LT 5 & i3HE LEEL,

TT CHICK BERHE R, MORT—MERINTLED, SEGH UCERTE, REd
BOR—HEELTS, ZOEKRTOBRAMEICOLTR BERALZET 0L Bbhik.
7 vES7BERA UCERBETRISTAEHE (0. 1ug/ml) UTTH- 7.

REBEBOBERIT, —BRICHKEA L L SITEKICE 2FR, SRIRERE & OBERRS
OBEHTEDT 55, KE A TEREHE & ITHMOBERER L. TR THRICHE LT
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Fig. 3 Stations for microbial survey

Vi BEEE

(1) SABELOREERREZE U R0 5, BERKTEENBEREZTTHL LR
Hh B KB EK R 5 20~25m Ll O JE T, OB T HEM OHKHITI5EIC K
b, BEPRZEELUTREERLTHS, CORRIBEMCRIILSIKBILTEESSCE
FHENCEE C 73, ISIEERENREDHT TSR OMBEIN DR VT, PHith & k&
FE L AR R U CEINER I N, RIRIFL2BLT 2RBENAEL, coZiid
BHBREEE UTRABOLZ LBALNTE S,

@ 5 ATHIEEILEIAKIKT Fig.2 —B TR UHMHE ELOBREZ T > L FHiF O F
I & 2 ickE  FROBHIE L ICBY 2 KBSz LB LTR 2 & Figd), F ROEH
RICREBNCERBKTARLTOS., CHRYBORBICK 2HMORARICS L OLART,
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Table 2 Data of observations on water temperature, pH, COD and number of

coliform bacteria in various locations

Feb. 27, 1967 May 24, 1967

Station Sampling Water ;. COD Coliform

Sampling Water COD Coliform
time temp.’C p (ppm) per 100ml

Station 77 F o temp.°C*Y " (ppm) per 100ml!

1 9:10* 98 83 08 30 {  9:00 21.0 84 1.5 114
1 10:30% 102 84 15 3 1 19:20° 2.0 — 09 20
1 11:40 105 83 1.0 % 2 19:30 210 — 1.2 171
1 12:30 103 83 1.3 42 4 9:5%% 2.0 835 1.8 39
1 13:20* 106 — 0.7 86 4 19:10 2.0 — 1.1 o
1 t4:00* 1.0 — 1.7 — | 5 11:40 2.0 83 07 0
1 14:5* 1.3 — 1.7 — 6 10:20 19.8 84 1.2
1 16:02 115 — 1.1 — 6 11:20 2.0 83 1.6
1 17:00° 106 — 19  — 6 12:20 2.9 83 15 3
2 10:50 10.1 83 1.6 60 6 14:10 2.0 83 1.3 13
3 10:45 0.1 84 08 1% 6 2:00 — — 09 153
4 10:40 102 83 0.8 80 7 16:00 218 8.2 15 %
4 12:35* 103 8.4 0.9 13000 § 16:20 2.9 8.35 1.0 3
5 10:22 102 84 09 16 | (a) 14:00 208 835 0.8 0
6 10:15 102 83 0.8 2 | (b) 13:15 208 83 1.2 0
7 10:05 96 — 14 — | () 13:35 203 83 1.3 0
g§ 10:00 101 — 1.7 — | Ca) 13:35  20.0 835 1.1 0
9 9:5 10.1 — 1.4  — | (e) 13:40 2.2 83 13 0

0 9:45 0.1 — 15  —

a  T:45 100 83 1.6 152

b 7:% 99 — 05 @ —

¢ 8:00 96 83 0.9 3

* Seawater samples were collected at the depth of one meter with exception of

asterisked time (depth of 30 cm)

BERAKIRO O X S EHEIEAIEZ S L BRE TR, oL BFRIRBOBEEIICK
> THRIN S, BHEHE 1CET 2 REARSCOKROTEHRES BB THHL LEEEX
THLDELHHIND., COXIUT L SBHEE I TRESNZKIKRABLUCltsT 58
KMEBREOMEDOAKIBUCHE UTR D S HlIEh, FRRBICELEOH K IKE
B—RHCHERINTEDEBEIND, COXSRKBRABLIVCORBFOEIBLUZN
CHEET AHETHEKEO B, COBKOBREREIEH T L EEHH, Tl
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Fig. 4 Vertical distribution of temperature at the northeastern waters of Fukushima
I. Numbers show the oceanographic stations as same as in Fig. 2.
(A) High water (08; 10 - 09: 10, May 24)
(B) Low water (15:30 - 16: 30, May 24)

MHIISKE DT ANES%E C OXBRICER T 2HE D E2 L/ LTS L 3EI o0 5,

(3) MERAORERICKZ L, EEAKRTLHIMCK DRMICK DRTUZ—E LIZWLAs, X
SKBEFEZEBE L TONEZ &1k, BHREERH - KEO 2~2 5BHRICH b, BHIF
2R ITDEBEROM TR, EHRZIICBRBOMTRENT, BT hER
ERE B D DOMAICHT THEE L, B THREEAZZEL DO DBRIC HEEs L \W5 T &
Thb. BMTHEM- 70 L AL DL, BEKE (BB L EEEAL L OM) ORENIER
THEHELEHTIRET 2 L ¥ T 52, Chitk> TREILEKIKRT Figh . o S TRY
X ORI CRE RO, FBBRCRETIFROREEZ4LT S EEINE, SETHN
TEHERIE X KT AT ENTES. e OKB T FEREREED DDOMAICHE
3 2HBL 0 b REEREFL DO DBRICHES HHREBO MW ik, BHED
TEIRAT DERCTRAIC T > TR 1 2 KB REO OFRICHER, ZOBERT I OTRICKE
DIEREEHR L, HRKEISIWCA LB LAEEHSKEEBRELTBZHBELL, Hck->TK
BT HICIE» 72 RITIEE T OJuaTE L Tth 5 BICRABLRESTHC LA RLT S,
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SAGA PREF.

SAGA PREF. (B)

J Takashima ] Takashima
Pearl Farm pearl Farm
FUKUSHIMA 1. FUKUSHIMA 1.

Fig. 5 Presumed water movement at the northeastern waters
of Fukushima I.
(A) Flood (B) Ebb

Drainage \

" Pearl Farm

Fukushima T,

Fig. 6 Courses of the “sea-marker” released immediately before the low
"~ water (I), and the high water (II) at the drainage
Dotted region is the beach at the low water

3 8 1B ICfT= e BERERA (Sea-marker) OABKKHAEDKER (Fig. 6) T, KRAD
KBS PIC DRBETKIE B ETRATHILERLTN S,
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(1) MEFHREMERCE 2 &, KBEBEOEEL EHE L 2 OB TKAIE A Itk T
BEEZRTHEIRD LN A (Fig. 7), Zhiddbkick 5B L FHBICEZR LTV bD
DERWEIE U BB EBR TS TN TE D, U2 DML IIR TR RIBEELP C
OD fEICDWTd, HINCHERCE Z2REBIFEINLr-7c, SXBEEE CODE
DENCHAOHERI S R Lo o, BEBARICA - L KBER REICER LT {72 d
T, BICKBOBEED A5 R BbORBBE I E50, HKkad»oZOMME—FHICrT T
E+ FICEBBRECHERRKEE UTW5AEEL, KEFAKD FRBREELL V> TEBHLE
3, & TS ENE KBS FI10°C ~20°C DO RAET, BEHOKEHBICHIBIC 5 EITX
RHEOEEEPILOOEEN HobN D SO LIEHINHDT, HKMEIT OV TORE
BEEAFETH 5.
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Fig. 7 Variations in number of coliform bacteria by station and time
Ist. (solid circles ) Feb.27 ; 2nd, (open circles) May 24
T oeereeen ngh water | «++rerees Low water
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PARWC X OIERO R SE & Bl #@iir s &, BEKicagh s B SR
DEFIBEKA S 25m LNTIT U, COEENER BRI 5, SRZREL & Ry
TR FIREEEK B X OJLTAKIRICEIN 2 B340 75K, KRESXEEICGEIN TEER 1
DITIICER LIz 0, Sk A OWEMPHCHR Lz b LT, £5 bl T 0kiiE B
T 5. OICHMTIRE Uic Wik T X URBEE OB KR A 2 U TKIR B 1K
AT D, COXHSCHELREZTLDIXABIUBOBAKRT, 205 b A TEEFLRT Bik
FEEERIE L BRI UEX S, CThICH ULTKIR € ~OBELRRBFER TR ERBD SN s, KR
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A DR E 00~0m DG 9 ~Bm THRICEET A7 v BHENH 5, (Fig. 1)
CD7YEHENKE C ~NOEFREZFHFSHKEEZRLTH28DLEHEINS. SHRIBYEFENT
CHBIVIROE, BREER - WKT 5 LB LNT, EREFETT DD LELRE
DBRED B IIBERYBRT 2 FENEE LN ERKYTE S, ZOFEE LT, ’

(1) HRZEEBRICH 00T, —ERBomEELBEIET, LR
B g Bk Sicd B L.

(@ BEADZBHEMRIDEISICICBITC LICLD, BRKOERLEHEBEEZIERT ST
L.

(8) 7 YEHHINEKDOMENDTRHE it LT AR ERE L, AL 5 ughEE$D
SRR ERIERT A &,
WERBRETNETHAS.
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