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Summary

The coliform bacteria have been widely used as a bacteriological indicator of quality in oyster-growing areas.

This study was performed to investigate the correlation between total coliform (TC) and fecal coliform (FC) of
the seawater and those of the oysters in Hiroshima Bay.

of

The 856 samples of oysters and with same seawater were taken at 85 stations and subjected to an investigation
the coliform group during winter season from 1985 to 1996. These data were then compared with those in

1975-1984.
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The results are as follows;

Between TC (X) and FC (), a linear equation by using least-square regression analysis gave log¥=0.715 logX-
0.452 and r=0.880 (p=0.001) in the seawater and log¥=0.877 logX-0.991 and r=0.867 (p=0.001) in the
oysters.

Between TC (X) of the seawater and FC (¥) of the oysters, a linear equation gave log¥=0.748 logX+1.040 and
1=0.783 (p=0.001).

Between FC (X) of the seawater and FC(Y) of the oysters, a linear equation gave log¥=0.920 logX+1.627 and
r=0.782 (p=0.001).

The FC/TC ratio was 10.0% and 3.4% in the seawater and the oysters, respectively. The concentrated ratio of
FC from the seawater to the oysters was 36.5 times.

The correlation of coliform group of 1985-1996 and that of 1975-1984 resulted similarly, but compared with
the data of 1975-1985, the concentrated ratio and FC MPN value equivalent to the 70 TC MPN in 1985-1996
slightly decreased from 43.1 in 1975-1985 to 36.5. and from 8.4-14 to 6.1-7.4, respectively.

These data suggest that the 70 TC MPN is equivalent to FC MPN of 6.1-7.4 in the seawater and there is

significant correlation of coliform group between the seawater and the oysters. As a results, it is important to
preserve clean oyster-growing areas in order to maintain the high quality of the oysters.
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DET{bEMio TEZ[]. Lil, £0%I94FEHR
# (Alexandrium. tamarense) DFE, 1995FE T T >~
2+ ¥ (Heterocapsa circularisquama) D3EHE, BEE
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WERT S, LEBTLOAINAE & DICHA LHER
Ait, KO (5m—15cnsec), KiEOELL
RHEZIIL2EKETINAKOYBENEEY ST,
TH, KEHHOERELBREBRYRVEL IS
AL TWB[5].

DA DK FHENEOBRIE, (119574 (HFI32
), EREZ [P EHEREEH] 5D, 19584
. (BBFI334E), E [ E2 @i sEFoigE Ico
WT) (EM) 2ED. FOHRETEBGATKE
BR300LLTF . /100ms, 7 FHALHAACRBEETOL
T/ TH Y, FEBILZORBENNOTED S
N7:16]. (2)19604F (BEMISSE) 1213 [H BB T
AEGEE, ERBEEBREA] PHESR, 1F0
EHICEN T BEEO O R, F 72, 19624 (1B
MB7E) LB ARELEEORRRMY B EEE
TERRASED» EORSEEROBEEEE | HHE X
N7, ZOERIZ—BMEE50,000LLF g, K
BB EEMPNL6,000LLF /100 g, AT AB SR
MPN70LLF /100 TREOREIZE L TEDL L
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DEREL T L.
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TR TEARD EORSHRE, MIEERCRE
FiE| BlrEOLN. FoREDT [—BERK
50,000L0F /g, KEBH230LLF . /100g] T, ftko
KEBERE (TC) ¥ THEMKBEE (FC) 4

Hiroshimae Bay ¢

Rani, ERCIXEE: LT, [FEHESFIELR
BEETOLT /100 OB CRMEAL D, L

CRESOHKCHIERBEI N b0, Bk s
DWTHIOCUTEEDO RS, 8612, HHED ¥
oFFE [HRE] & [MAFAER] OFRNEFRHS
#EEMNT O NI

IRBE N X BB OEERE Y A7 413, 19624
(FBHIS7T4E) 2 [HRBEEEN RO | MR X,
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KRG LEREERSEESNLB]. 20%LF
BOREVATLIILY, HEEEREIREEINT
. Bib, BHEEBRIEZIOYAT LA CEHESEFLS R
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KEgah, BEEENEIEOONTEL (Fig ).

DL X EEEIE, B SHACCPH L
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Fig. 1. Sampling station cites in Hiroshima Bay
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Table 1. Microbacteriological criteria for shellfish-growing seawater

SPAIN FRANCE ITALY UsSad WHO JAPAN
FC/100m¢ E.coli,/100m{ FC./100m/ TC,/100m4 FC./100m/4 TC,100ms
Approved Satisfactory Acceptable Approved Approved Approved

0 9%, =2 Me=70 and FCg=10 =70
FCs=15P Acceptable >230;<10%¢ 100% ; <100
FCogp=50 0-60 Conditioned Restricted
Suspicious 90%; =34 70-700 and
60-120 100%; =49 >2,300; <10%4
Prohibited Unfavorable Prohibited Prohibited Prohibited Unapproved
>120 Me>700 or >70

~>2,300;>10%

a ; FDA commited to TC 70=FC 14 and TC 230=FC 43 in 1977

b ; 50% value is 50 MPN of FC and 90% value is 50 MPN of FC

¢ ; Median value is 70 of TC with £10% of samples exceeding 230 of TC
d ; Median value is 70-700 with =10% of samples exceeding 2,300 of TC

02,3000 EATI0% LT, (4)2E kSR - TCrh gL fE s
700% B TWAY, F72132,30080 EA10% L F % &
DAL ENTWA (Tablel). 19778, o
TCIL L 2 MEEFFCTRET A4S, TCT0IX
FCl4, TC23013FCASICIAE L C, WM OB EFMH
ThhTwa[13,14]. 2o X312, BEBEMICIEHRE
WY L OFES L D EEEOBEVFCRE.coliDiR
MERE B> TWB[9].

FE G [15]131985%, L BE CON X BEEHOK
B (TC) LEEEABE (FC) o&Hf, HED
HE, FEERLRTIF~OBEIZIOWT, TCE
FCOEHAEMIE r =0.81~0.88L & <, FC/TCHE R
HERAINAT89%, #HKTL0.0% (7.7~11.5%),
B FT3.4% (3.5~6.7%) LHELS. X512, #k
ENFONRTF—F (n=522) DFAKTCX)&EHF
FC() DL, log(¥)=0.668 log(X)+1.339, r=
0.728L &<, BB KOESGEY, »FOHEEA
ERSBEICKRE(PEL, HFFC/BAFCHIZ4SL
BT, RDPLIFERIBREINDZ EFEIIC
L7,

2T, AH1985— 1996FE DI 2EMOMEF— 5 %
I, AEOHEAK - FOFERBERO S, HE%
& DB R EAROBERKEOES OFE, WKELRE
EE % TC MPN70» 5USAL EOFC MPNIZEI b &
RD5EE, FTORERIE)PITOWTHRE L.

MERUAE
1. REUMES L UBEEHS
1985~ 1996F D124 B, LBERSHE (Fig 1)
5 B IR ST CEREL L 7oAk, 7 F B 856MiK
DRFTLTI2 GIFA Vb)) WWOWTHE L. 8568

FOMBAN AT EER (op) 2008k (1381
b)), feEshiEE (cl) 6o6Hfk (46841 b)) THB.

2. PREEEHR

WENROED I FHRIMOI08~ 3 B04E, £
LCTFWEEIICAKE I mE D RELL . BEEEOHK
i, 8.5~20.8C, HHEILOI0~1.030, E5EE1.56
~3.25% TH o7,

3. HEFORE
APHAE[16) 108 U C, — B (SPC/ 1nf, g),
KIBEBRESY (TCMPN/100ms, g ), FHEHEKE
W# (FCMPN/100ml,g) Z#l%E L7z, TC MPNi&
LB7 18 (BAKEE) ©37C, 48hrisk, H 2
BHEE Y BGLBE M (H/AKREHR) IBHEL, 37T,
48hrigE L ZOBHEHIZ L Y ko /. FC MPNIZ
LELBEHBHE D CECHEH (Difcott) 1IBHEL,
44.5+0.2C, 24hr¥safk, ZOBEEHH» 5 MPNE
Rz,

4, BETF-208

W OMPNE S B AN SR (MERRUTO
MPN<18, <I8DH&EWEFRFRY, 1&LE) L
BOEME L7, -y BN S R O
W (op) B L UTIRESER (c]) KR4 L, HER
L.
EEROMME%IE, 9K AFOoEhEThoRE
—HBEHOTCX) MPNEFC(Y) MPN#HEL, ¥
7o, E—BETCRIRE WK, X FOERERE
ORE L7 — 5 B X BB ke, 8512,
HREBR S S—t Y AN, RBORELIT- 72
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1975~ 19844F £ 1985 —19964E 0 7 — ¥ B, H44E
Bt (FC/TCH), WAL 7 F~OEHILIZoOWN
THE L.

& 2

(1) #\BAKIZH T BTC MPNEFC MPNOEES

WK TldTable 2, Fig 2ICRT X512, £BEICE
WTHETEVHEBERLAZ., BRAElogr=0.715
X-0.452, r =0.880" (FHE p<0.001) AkDHH A,
Yo (XOFHEROYDHEFHE) D95 % EHIE ILloglE
T+0.80THo7. TOEFEMICL B#EAKTC MPN
70, 230, 7008OFC MPNOH#EE@EIZ, FhENT.4,
17.3, 38% R L7z, WIC#HKFC MPN 140K, TC
MPNIEEEIZI72% R Lz (Fig 2). HRE OMHBEE
B ERE (p<0.045) 2PRDdHN, F/3EE
SR L IREEIR T, TC log 48 T2.164 5 1.03
(£#391.9), FHRICFC logh 3T $1.084250.32
(£HH0.91) LRI L.

(2) HHFICHTBTC MPNEFC MPNOIERS

HFIIBITAER T Table 3, Fig. 3IT/RL7. &
WA BT BRI r =0.748~0.860T, &BWT
it r =0.867" (p<0.001), EERITlogyr=0.877
logX-0.991 TR E NIz, FDYoDIS%EEIEIE, log
ET+0.99TH -7, SBRCTORBRICLZHF
TC MPN 16,000 (BH1424E F TOH F RTHHE) B
D, A FFCMPNHEEEIZ408F R L. T/, #i
#1 ¥ FC MPN 2308 g7k TC MPN D HEE B 13 2R
T6,637% % L7z, HEEBCIEIRESC¢6,521, EEHR
BC16,643% R L7, BEHNOMBEEKE, r=
0.748~0.860 (&¥BH r =0.887) THREHOHEBRE
MICEEE (p<0.047) PED LN

{3) #\BKTC MPN& 7 %FC MPNO#EES

#HARDOTC MPN & [ —$Pr O % ¥ FC MPN O B4
% Table 4, Fig. 41K/ L7, &R (n=856) Tit
EERlogY =0.748 logX +1.040, r =0.783* L &
(p<<0.001) ZHBETREN, Yo %EEE ILlog
ET+1.24TH -7, TOEBRICE 2#HKTC MPN
70, T00BRD, # FFC MPNOHEMEIZZNh2h262,
1, 471%7R L, #iCH FFC MPN 23080 #ATC
MPNI359% 5k L7z, Table 4R T L 512, wWiho
BIETH r =0.759", r=0577":FE (p<0.001)
HHEZR LA, R2OFR—EHHTOREBIZES
BWEEZR Lz, F/o, BRI OMBEREEMICLE

1097 41 vep.715%-0. 452
S r=B, 880« -
™ n=856 e
= e .
«
B .
[ ° o
o g ®
P 8 o0
= s af®°Pe
] wo P o ®
= @ e 60y g a9
e .’ ee®
= bird thakd
I oeg ® e
- T2 Y- ® K
38 ‘pmesemabes o .
= :: pog o’-" . '
= 14 " o o
= 7.4 St 1 “ ES
z ..,.". ® "‘ o
Fe -".4 13 las . —oo
8 78 783 logX 6
172

Total Coliform MPN of Sea Water

Fig. 2. Correlation between total coliform MPN and
fecal coliformn MPN in sea waters

;regression linear line

"""""" ;95% confidence interval

Table2. Correlation between total coliform MPN and fecal coliform MPN in the seawater®

Sampling  No. of Regression F P Regression Average of Average of Y9 FC/TC
areas samples  coefficient values  values linear TC MPN(X) FC MPN{r) X=70 ratio
Unapproved _
) 656 0.883+0.009 2328 <0.001 y=0.768 x-0.585 2.16+0.99 1.08+0.86 69  0.083
¢
Approved
(00) 200 0.716+0.033 223 <0.001 v=0.484 X-0.183 L03x0.81 0324054 51 0.182
oD
Total areas 865 0.8800.008P 2937 <0.001  y=0.715 X-0.452 1.91+1.06° 091+£086c 7.4 0.1

a ; Total and fecal coliform MPN were transformed to logarithms

¢ ; Standard deviation of average
e ; FC/TC ratio was evaluated by each average

b ; Standard error of regression coefficient
d ; estimated by using regression linear with TC(X)=70
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Fig. 3. Correction between total coliform MPN and

fecal coliform MPN in oysters

log¥ 51 y_g.748%+1.040

r=. 783+ e ,
n=856 0y 8

Fecal Coliform MPN of Oyster

2 5§ 08

logX 6

Total Coliform MPN of Sea Water

Fig. 4. Correlation between total coliform MPN of sea

waters and fecal coliform MPN of oysters

Table 3. Correlation between total coliform MPN and fecal coliform MPN in the oysters?

Sampling  No. of Regression F P Regression Average of Average of YY FC/TCE
areas samples  coefficient values  values linear TC MPN(X) FC MPN(Y) X:1600 ratio
U d
na‘zplr)we 656 086040010 1873 <0001 Y0917 X-1138 4174092 269+£098 524  0.033
c
Approved - -
D) 200 0.748+0.030 260 <0.001  v=0618 X-0.245 3.16%0.86  1.70£0.70 225 0.035
op
Total areas 865 0.867£0.000P 2578 <0.001  v=0.877 X-0.991 3.941.00¢ 2.47+1.02¢ 498 0.034

a ; Total and fecal coliform MPN were transformed to logarithms
d ; estimated by using regression linear with TC(X)=16,000

¢ ; Standard deviation of average
e ; FC/TC ratio was evaluated by each average

b ; Standard error of regression coefficient

Table 4. Correlation between total coliform MPN in the seawater and fecal coliforrn MPN in the oysters?

Sampling  No. of Regression F P Regression Average of Average of YY¢ FC/TC
areas samples  coefficient values  values linear TC MPN(X) FC MPN(Y) X=70 ratio
Unapproved o .
) 656 0.759+0.017 884 <0.001  y=0.755 Xx+1.054  2.16+0.99  269+£098 280 x3.4
c
Approved _ - -
(op) 200 0.577+0.044 119 <0.001  y=0517 x+1.175  1.03+0.81 L70+0.70 135  x47
b
Total areas 865 0.783+0.013P 1350 <0.001  Y=0.748 X+1.040 1.91+1.06° 247+1.02° 262 x3.6

a ; Total and fecal coliform MPN were transformed to logarithms

¢ ; Standard deviation of average
e ; PFC/TC ratio was evaluated by each average

b ; Standard error of regression coefficient
d ; estimated by using regression linear with TC(X)=70
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BZ (p<0.047) FEZo SNz, BRI L 3k
TC MPN 708, % ¥FC MPNH#EEEA230LF 2R L
LDk, BEEROIIBSORT, BEMERTIL280
iRl

{4) #HKFC MPN& 1 %FC MPNO RS

B —H CRBICEBR L BAKOFC MPN & 7 %
FC MPN®O % % Table 5, Fig. 5127 L7, &R
Tldlogy=0.920 logx-+1.627, r =0.782* (p <0.001)
CEBELHBETREINS, Yo WEEEIL, logE
TE1.24Thotz. BoONLERRICI BBAFC
MPN 7.4 (#/KTC MPN 70BE D #KFC MPNOHERE
fl) BDOH FFCMPNOREEMJIZBTHELN. F
72, #KFC MPN 14 (FDAOEERE) BOH FFC

logY &

Fecal Coliform MPN of Oyster

8 6.3 14 Togh 4
7.4 .

Fecal Coliform MPN of Sea Water

Fig. 5. Correlation between total coliform MPN of
sea waters and fecal coliform MPN of oysters

MPNOHEEE, 230% WA T80 TH -7z, T H
FFC MPN 2308 0 i /K FC MPN OH#EE#136.3% 3R
L7z, #EEAIICIE, Table 5IZ5R$ & 9 08 E ol v
r =0.762", {EEEHT r =0.591"¢ HE (p<0.001)
THEEETARLZ. £/, BEANOHBAEMIILAEE
# (p<0.045) FFEDOLHN:, REATCE #FFC
EDBFRE FRICER, 273 OB L TR
W R L.

{5) BK, HEDBFLEBERD/ I~ 210

Fig. 6IZBellfifE x v CHERER O 7 — 7 0%
ER—bEYFALLTHRLE. BEMEBOEAKTC
MPNOHIAE (Me : 50%4E) 1%, 130/100mf (&
B79) RL, TCMPN 701338%EE R L7, 72,

n=665 Me) P
. o

(Log/100g, m!}

TC and FC MPN

10 20 30 46 S0 60 10 80 §0
PERCENTAGE

Fig. 6. The bell shaped curve of TC and FC in sea
waters and oysters in unapproved area

@;TC O)FC mmme ;Oyster weween ;Sea Water

Table 5. Correlation between fecal coliform MPN in the seawater and fecal coliform MPN in the oysters?a

(Analysis log' s MPN)

Sampling  No. of
areas samples

Regression F P

coefficient values  values

U ed

PAPPTOVES 656 076240016 919 <0.001
{ch

A ed

D‘(’m)v 200 059140045 114 <0.001
op.

Regression Average of Average of Y4 FC/TC¢
linear TC MPN(X) FC MPN(Y) X=14 ratio
Y=0.868 X+1.749  1.08+0.86  269+0.94 554 x40
v=0.782 X+1.458  0.324+0.54 1.70+0.70 226 %25

Total areas 865

0.782+0.0130 1347  <0.001

¥=0.920 X+1.627 0.91£0.86° 2.47+1.01¢ 480 x36.5

a ; Total and fecal coliform MPN were transformed to logarithms

¢ ; Standard deviation of average
e ; FC/TC ratio was evaluated by each average

b ; Standard error of regression coefficient
d ; estimated by using regression linear with FC(X)=14
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BAFC MPNO H9L8137.8 ({8545 THD,
FDAEMOFC MPN 141358% E2H ¥4 L, FC MPN
38%fE (TCMPN70) 135.0% R L7z, £/, A%
B TIETC MPN SR IZ £ T13,000 (&
7,900) %KL, FCTI3490 (£ T230) 2R L7,

(6) 1975~1984%F & 1985~1996 8D F — & kL
FOBEZ T o/01975~1984E L OF— 7 & O

BRER % Table 6I2F L 7-.

ORsERRfE (Me: 50%H) DL

HATCOEHRTI07 579, EEIEET240
PH130E B LTz, FCCBWTH LB TIINS
4.5, IWESNERTLII, 5788 WAk OISER p g
IEEE Wilcoxon B5E p <0.001) 1ZRA L7z,

A FTCIIDOWT L LB TMPNEL7,000% 5
7,900, IEEN G T24,0004 513,000 WA L7z,
HHFFCIZB VT H R T4907 5230, #ESiE
WC7907 5490 L BE (p <0.001) A L7,

@F GIRIER M OMMRE O LB

FHBAREL (1) THBT % & Table 6IZRT & 5 12,
HADTCERFCTIX0.848L0.880 L L LEERE (F
e p<0.380) 2RBDLh o728, HFOTCLFC
B Clt0.713£0.783 (p <0.0047) L HERLTALA
EHoHNT, BKESFOTC(W) EFCO) T,
0.728£0.783 (p <0.038), FC(W) LFC(O)T0.713
£0.782 (p<0.047) LW IR EELRELITEDS
nir.

OEFBXL VELNLHEEEO

#EKTC MPN 70B,OFC MPNHEEBIZ8.2H 5 7.4
12, T00RF44.320538IIHA L72. % TC 16,0008
@71 FFC MPNIZ550 5496, #EATC 708D 7 ¥
FCHEEMIZI737° 523612, HAFC 1405 $FC
559975266 L VTR L B L, HEHT FORS
HAE2301E B L7,

@K - HFOTC/FCH O I8

WO & SEARTIO%, ¥ T3.4% & E{L

Table 8. Comparisons of data in 1975-1984 and 1985-1996

Jtem 1975—84 1985—96
TC median value{all area) 130 79¢
TC median value (unapproved) 240 130¢
FC median value (all area) 13 4.5¢
Seawater FC median value (unapproved) 17 7.8¢
W) FC/TC ratio 10% 10%
Correlation coefficient® 0.878 0.880¢
FC MPN for TC MPN of 70 8.2 7.4
FC MPN for TC MPN of 700 44.3 38
TC MPN for FC MPN of 14 145 176
TC median value (all area) 17,000 7,900¢€
TC median value (unapproved) 24,000 13,000¢
FC median value (all area) 490 230¢€
Oysters FC median value (unapproved) 790 490¢€
©) FC/TC ratio 3.4% 3.4%
Correlation coeficient? 0.713 0.867f
FC MPN for TC MPN of 16,000 550 496
TC MPN for FC MPN of 230 6,165 6,659
Correlation coeficient® 0.728 0.783f
FC(O) MPN for TC(W) MPN of 70 373 236
FC(O) MPN for TC(W) MPN of 700 1,735 1,468
Seaw;lrtlcg (W) Correlation coeficientd 0.713 0.782f
Oysters (O) FC(O) MPN for FC(W) MPN of 14 599 266
FC(W) MPN for FC(O) MPN of 230 42 6.1
FC(O)/FC(W) ratio x43.1 x36.5

a ; between TC(W) and FC(W)
d ; between FC(W) and FC(O)

b ; between TC(O) and FC(O)
e ; p<0.001 (Wilcoxon test)

¢ ; between TC(W) and FC(O)

f ; p<0.05(z test)

g:p=0.35
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DS N ez, LML, WAFCE I FFCOH
AT 43. 1 D & 36545 12 A L.
HKOFEEIREREFTC, FCOTROBEIIBWw
Th, #FFCLOMEIX, Fh+hrr=0.783",
r =0.782"* L FHEICHEEZEED o7z, DED
HEENOSEBBTOREESMIE, TCMPN 70
FC MPNT7.4+6.4 (5% EHIE) TH2 T &2
MizE N FHEICE S H FFC/HKFCH (B
I 1L, 25~40f% (&HEME36.5f%) TARL7:. #
B CHHELIEEEROBE B L, HHl~
VOB WIRESNER OB EHVBET R L.

£ B

SEOFET, WAKEFIIIEBMENL S FOTC
EFCOMMRIL, HEAKT r =0.880%, 4 FT r =0.867"
EVTRABVEERRLA. ChiZEESORMED
FEREREDBL—HLE., 7FIEDOVWTOFDAD
HENTITE, P72V THTOr =0.846, 7
FHAMTO r =0.8040HENDH LA NS ITHM
L7z, SO EAABVHEERRLECEE, W
nbik, 7¥OR—-FENTOSFREDZO EE
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