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Fluctuation of fecal contamination on the beaches of Lake Biwa and application of
microbial source tracking using bacteriophage
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Abstract
Fecal indicators were measured on the beaches of Lake Biwa and tracking of contamination sources were
performed using the bacteriophage serotyping method. Sampling stations were located at four beaches, i.e.
Oumimaiko (Minamikomatsu, Otsu), Matsunoura (Kido, Otsu), Mano (Imakatata, Otsu), and Nagisa Park
(Imahama, Moriyama). Another station was set up at Hattori Bridge (Hattori, Moriyama) on the Yasu River.
The experiments were conducted in the morning on June 2, in the afternoon on June 29, early in the morning in

July 26, early in the morning and around noon on August 24, and early in the morning on December 13, all in
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2011.

The number of bathers was also recorded during these times.

Our findings suggested that coliforms

and fecal coliforms were affected by environmental factors (e.g. water temperature), and that E. coli was not

related to the amount of bathers on the beach. Although a significant positive correlation was found between

E. coli counts and enterococci counts, enterococci counts were suggested to contain false-positive values.

The

percentage of the fecal contamination deriving from humans was assumed to be rather low in the summer and

vice versa in the winter.

An attempt to concentrate phage particles was also conducted.
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Table 1 Primer sets used to detect F specific phages
#1 FRRT 7 —VOMBIERN L7 I A ~—
FRNA group Primer Sequence Amplicon (bp) Assumed source
IF CAAACCAGCATCCGTAGCC . .
I 142 Mainly animal
IR CTTGTTCAGCGAACTTCTTRTA
2F ATGCCGTTAGGTTTAGRTGAC .
II 471 Mainly human
2R GCAATHGCAACCCCAATA
3F CTACTGCTGGTAATCTCTGGC .
I 795 Mainly human
3R CAACRCCGTTRGTGGGATTTAC
4F CTGTCCGCAGGATGTWACCA . .
v 1159 Mainly animal
4R GGCACTGTCCTGAATCCACG

13:50, BAktE & LCT7H26H6:002>57:00, 8H24H5:45
MHT10KTN1:305 512:551 20 F TEMS THRAEZ1T
ST, KB TIIWEL S ImOEE, W) TIEFHLO
K OFE A RE L 7=, [RIFFHC KIS ORI E £ % 34K
L7,

F72, KGO BIKAE L T20114:12H 13 H6:00
MNHTANZ BEKEZITo T2,

KBS

FEbIR o oY, 2fMKE (TOC) OWEEIT -
72o 680°COMREERELIE (BHEERT, TOC-V CSN) I
TH U2 RRFEO RN G B RFREZHC TR L,

MEMBOBITE

KIGHREE L KIBHEEOE, Colilert18 (Idexx) % AT
BIE U7z, 3K 100mL 2 Colilert1 84 7R & Fafi & 4,
QuantiTray2000 (Idexx) |ZF L CHE L, 37°C TISKFH
B Lo, ALY = VR, SEfefEikic kv
RIBERER AR Uiz, £7-, 365nmD 2554 2 &S L,
WHEFR LD = VAL, BB L RIGEEK
ERH L,

FEERGERRL, BB Z2045umilEZDO A T T v
T ANE—THE LT, 74V F —EmFCEH EIZE
L, 45+02°C C4RMEHRBICE U-Faan =—%F
¥ L7= (AHPA, 2005) , mFCEZHE, mFCHAEE 1 (Difco)
WCERKEMZCTIREMEL, v — VB ERMLIEL D
R,

MHERE 2L, Enterolert (Idexx) Z HAWCHIE L7z, #
£E7K 100mLIZ Enterolert# 7K % Vi S, QuantiTray2000
(Idexx) 12 L THEE L, 41°CT4IF/EE 2 L7z, 365nm
DEINRERGT L, HNER LIy o VEFERL, ik
IS XV IBERE S AR L,
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FFES 7 7 — %K%, Salmonella typhi WG49 (Havelaar

& Hogeboom, 1984) ZfgE& LTMAT-KERNY 7 b
VEERIEMIZEEIK A 11 0FIA TIRE L, 37°C T4 R
BELLE, BT 7 HEHETHZLICEVE
H L 7= (Grabow & Coubrough, 1986) ., thZ h VU 7 h v
FREMOMAIE, bV 7 N o10gl, BERETX X 1gL,
7' va—Al1g/L, NaCl8g/L, CaCl20.22g/L, 1) ~A
2 200pg/L, F VU 7 AEE100mg/L, FER12g/LE L7,

BEESLFEOHE

TH26 HLUBEDRE TR SNIEFRREY 7 —T %2 H
W, EEBEYIEAOHETE 2R AT, FEMENES L
LRI AT T—21F, 02D T7 7 —ki T
DHELELOROT, 77—/ OFIZIFE DT 77—
VICHETH 7 r— B REIFET D, 2T, 77
— P ERIFET HH—n— D7 7 — U0 5
RNABHAFZHiH L, BEE O 1RSIV E ToMmigER
Wi 2 R ELS & RE o S 0 B R,
Salmonella typhi WG49E-AR D EMIZA UT-FAFER 7 7
— VDT T—= 5T 7 — Y EERL Tmilli-Q/KIZIE
L, 95°C TS MRNAZ I L, 0°CC24fladm L
(Schwab®, 1997) , RT-PCR¥ v I (¥ %5, PrimeScript
one step RT-PCR Kit Ver. 2) OEEREEIZT T A ~—
(#%1) (Friedman®, 2009) Mz 7=t D
IZ, RNAHIHKZ M %, —</L¥A 7 T —IZTHIRE
Z50°C T304y, [FEEFR ORIGLIZ94CT231T, &
C7-cDNA%, ZEME#94°C T30, 7=—VU 7 %60C
T308, MEEZT2CTINOY A 7L Z2300EH# Y KT
PCRIEIZ X VIR L7z, ¥R SN2 FEEW %, 0.1~2kbp
DODNA~—%— (Gene Ladder 100, =R T—r) &
EHICESKEI L, ZOYA AN T7—7 2L
77—V ERMIERIC S L,

(Invitrogen)
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Fig. 2 Fluctuation of total coliforms at Lake Biwa in 2011
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Table 2 Numbers of bathers on beaches at Lake Biwa in 2011

#2  201VEQEBEWIKIRGOKIBELK
Dates [Oumimaiko|Matsunoura| Mano |Nagisa Park
6/2 0 0 0 0
morning
6129 36 0 2 4
afternoon
7/26 egrly 3 0 0 0
morning
8/24 garly 0 0 0 0
morning
824 462 6 32 38
noon
12/13 f?arly 0 0 0 0
morning
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HEEME KRB REPROF L2 A I Th R 5 1243,
BZEOEHITHIK I bWAMNTRE 17 (K 3) .
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Fig. 3 Fluctuation of fecal coliforms at Lake Biwa in 2011
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Fig. 4 Fluctuation of E. coli at Lake Biwa in 2011
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Fig. 5 Fluctuation of enterococci at Lake Biwa in 2011
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EELEZ O, KBEEAEZIEOQIENMAERE (o
=0.61, n=25, P<0.01) BADHBHI (K6) , KIGHE L
FRICHEME YRR L L CHWD Z ENARETHD Z &
EARBL TS, LaL, KIBEEZDZRWICHE b5
T, LB OBEREDSRIBEN D GERH o7, T,
KIGEEDENZ LD EEERORE TS R
EZ b, FEFYE IRERITSRV S OOBERE & HE
DSFELL L7 ARG EREE DA e & L CRH S vz Wl
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WHRERDH D (RS, 2013) , ABMEOZENARF

Table 3  Fluctuation of F specific phage counts at Lake Biwa in 2011 and numbers of plaques subjected to source tracking
#*3 FR R 7 7 — P OEH) LG R bRHEE I U 7o K
Dates Oumimaiko Matsunoura Mano Nagisa Park Hattori Bridge
6/2 morning 0 0 4 56 -
6/29 afternoon 0 0 0 0 0
7/26 early morning 0 0 4(2) 2(1) 46(10)
8/24 early morning 0 0 0 0 18(10)
8/24 noon 3(3) 0 1(1) 0 1(1)
12/13 early morning 0 0 0 4(4) 1(1)

No sample was taken in June 2, morning.

Data are shown in plaque counts (pfu/50mL, except at 8/24 noon by pfu/100mL).
Figures in parenthesis show the number of plaques subjected to source tracking.
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Fig. 6 Correlation between E. coli and enterococci
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ELZR o lobil Tt <, Mt s o722 T
LAEEME L H D, BER R LR E ST, IET RO
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FRFR T 7 — UM S 723, 8H24H % <C12H 13 H
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Table 4 TOC (mg/L) at beaches at Lake Biwa in 2011

#4 201 EDEEEWI KBS OTOC (mg/L)
Oumi- | Matsu- Nagisa | Hattori
Dates maiko | noura Mano Park | Bridge
6129 2.1 22 2.8 3.7 2.3
afternoon
824carly | He | 31 | 22 | 22 | 18
morning
824 1.8 1.8 1.9 1.9 2.0
noon
BEEFTEOBRX

TH26 HLABEDOFAE TR SN FRE T v —V % H
WC, EEBYROHEE 2k, BEMENAT L%
KM AT T T — I RIS BT D —7
0—rO7 7 —VPbHBEETFRNAZHH L, BEao 148
PO IVHELE ToOMIERIT ST 2 815 TELF & FFo )
B EFT=0, FRRRET 7 —UPRH S0tk ©
FHEEZIT O Z LM TET, FT T =7 HBRD 70
BIFHEDOHENME T2 B2 6115,

FRER T 7 — Vb EMEGROBKEHE L L 25,
SH24R OREZFAR TN b DL, T_TIED
BYHK TH D LHESNT (F£5) . —J7, TH26H
ERABBA, NHEARey, v FEETHD EHESH
7

77— DRME

RO X 512, FRER T 7 — Y o miER 2 FIH L3
HEROBHT, BEICHWEY 7 —=UB0OZ 0
EREL 5, LL, RFEO LD ICFRET 77—
DEEPENGETH, ABORMZ1TVWEVEZIDT
FT— I /B ENTEENE I NEI12H 13 ITH
L7300k 2 iV CTREF L=,

BRI E S R RBIC DR T 7 — VR S
NED, BERIEEZIT 72 2 A, RO EERRIZEH
77—V OFENHERTE T (F6) . BRiE Lk
BT, MOB»LIET7 7 —UBPRHEENS Z &g

Table 5 Percentage of F specific phages assumed to derive from human source

#*5 FRe 7 7 — VO MIEH GBI K-> THYEA e Mok EHEE SN -RIE
Dates Oumimaiko Matsunoura Mano Nagisa Park Hattori Bridge
7/26 early morning - - N NG 40%
8/24 early morning - - - - 0%
8/24 noon 0% - 0% - 0%
7/26 early morning - - - 75% ~H
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Table 6  F specific phage counts and serotypes before and after concentration of phage particles
%6 BRI TR OFRFSR 7 7 — 8 & MRk
Oumimaiko Matsunoura Mano Nagisa Park Hattori Bridge
Group I 0 0
Group II 3 0
Before Group III 0 0
concentration Group IV 0 0
(per 50mL) Unknown 1 1
Total 0 0 0 4 1
Human source Unknown Unknown Unknown 75% Unknown
Group I 0 0 0 0
Group II 0 0 0 0
After Group III 14 6 9 12
concentration Group IV 0 0 0 0
(per 400mL) Unknown 6 1 0 3
Total 0 40 7 9 25
Human source Unknown 35% 86% 100% 48%
STEH, WLV EFREVZOT T — 27 2R+ FEH

L EMTER, LL, BEENSETHLI L%
BETHE, REITIHWERITI0%UT 0D Z &2k
%o KADI, BRI, AR KAE CTIIIER100% 2 8% 2,
WEOIELSEXDOFRIIAATH D, £z, MM
BEBICHEROHEN AR TH & ST, FiFR
77—V ORGRENEMFENIEIC ORI CTH > O
FEBIIZEICIIRICE b > TW5, M2 L L7-BH
LT, ZANT—DLOEHKRE L THTX 22 H
W72, T3 2 DR S RFE O M iERL ODNADPCR
(2 X 2 iR 2 PR L CUCRICR B % 5 2 T % ATREE
NEZLND, WHIRE LAY %4 % 72\ " NaOHR
ZRAWEZEICIE, 77—V OEIRNTE o7z, HE
Be brEBHIOHEEEZTTO ETIERE RN R
DT EX oo, WHIRIC X o TR £ 72 1ZPCR
DOUENEE L ZITDHZ ENEXHND DT, S%ME
BMETH D, Wit d, 128 13B3EHZ W THE
ESNTIEYRITE MR ERTHD EEZ BN,
KBHZRDEIICHE DD, Ty RV 22 ED
BUKWZR IR ENY, WA R > TE TV D, KB
LDt e LCofllimizAbefoZ bbby, HE
WA WEOVKT 28 EME DT EH B V> Z D DBRED
REZED TV BERDHA ),
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K BEROFHEITV N EeFZ 2 bz, —FF, £F0#E
YT, b FEROLOBR TR TH D EHEE ST,
PR 7 7 — D ORMEE R T0, RPN —EL b
W BT T 7 — DAY IR AT T D T IR T ik
DORFBBETH D,

#iz
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