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REMOVALS OF INDICATOR MICROORGANISMS IN SEWAGE TREATMENT PLANTS

RiHZEK*, BHEZY
Tatsuo Omura¥, Teruyuki Umita¥*
FMIRIGER*, JUKTX, K/BIEAR*

Jiro Aizawa* , Tohru Yagi¥, Masao Onuma¥*

ABSTRACT; Removals of coliform bacteria, enterococcus bacteria and coliphages in
sewage treatment plants using activated sludge and trickling filter processes were
investigated over a period of one year. Coliform and enterococcus bacteria were
removed at almost equal efficiency, while coliphages were removed more efficiently by
the activated sludge process.

Experimetal results on the elution of coliphages from the activated sludge and the
trickling filter slime concluded that more removal of coliphages in the activated
sludge process was mainly due to the difference between their adsorptive affinity for
the activated sludge and that for the trickling filter slime.

The treated sludge was disinfected by the chlorine prior to discharge into the
receiving water. No coliform bacteria were detected in the chlorinated discharge when
it had c¢hlorine residuals in the range of 0-0.52mg/l, while enterococcus bacteria
were detected when chlorine residuals dropped below 0.59mg/l. However, coliphages
were generally detected throughout the range of chlorine residuals.

KEYWORDS; Coliform Dbacteria, Enterococcus bacteria, Coliphages, Sewage treatment
plants, Removal efficiency.
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2 REFHE

2.1 FABEWURUEROMK

FAAEE Figl KRENZ X H i, ERBERLUEEITE > TV ANHEBRR CEHKAKRNUESITR - T
W3 BMEETEREFRH L ERichiz - TITR b ANBISIIEEERFEROLE, BNMISIE S
BUKARMEE & 18 > TW5, Table-l iTA, BAEEOITNFNOBESRENTVWS, FEAE/KED
SENE, AREBBRR/NEECTCBRERETRESZE L ohs, BRI ALERISHATH Y,
- BUEBR-BARRALEL-TVWE, Bl EFOFHBICL > THEONAERAKE BRI HK &
ODOBODKBRERIANEIERCBAEECENAFN 92.1%, 85.9% Thh, NEERX»SHNITE
BEREBFRERBITROATVEEELIONS, hE—EBLTELRITNIER SR VAIR, ANERK
BWT, RAUABEIBRVLEBMIGEES N, BERNCBRYIERbL» SHERESIIEELMASShTVWE T
LThbo ChiE, RUILBMOBRKTOEEMEMBRECKRERELELEX5b0LEL 00, 0
RES2DWTRAEERO L ZATHHET %,

2.2 #ABEHE ‘

FER 1987 sH» S, 19884 6HEITH1IERIcb->T, Bi~2[EDJEE TANEE KRB U
BicbBWTiThbinfoe BAKBZIIAH 108 305 & L, Fig 1l IKRENBBKEATRDBHEAK, BY
TR bR K, BB HKR CBREFROKMKIc>WTY vy TABERE AL, BR&EHzY
YT, REBCERZBCFLERY, BEBEYRE (KBEHY, BEREBKREUV Y 77 -V
BRIE SN, £, ABCATRRARE (RECTEHE L CERZTHE) , KB, pHRUBODss
MEE N, BFEKDWTRBHIEZBEE SRIES NI,

(A) CONVENTIONAL ACTIVATED SLUDGE PROCESS (B) HIGH-RATE TRICKLING FILTER PROCESS
k? """"""" )
h i h ; ‘1
RGO HE B OLE
1 1 : i

iwater ——-{_l‘_—_]’ ---------------- 4
y_ mmmeme- :sludge :
..... m O :sampling point | Ea_ n

:grit chamber
:primary sedimentation tank
taeration tank

a tdewatering
b

c

c':high-rate trickling filter

d

e

£

s:influent
teffluent
sreturn sludge
texcess sludge
:separated water
tdisposal

:secondary sedimentation tank
:chlorination
:sludge thickener

- I WA Y]

Fig.l Schemes of sewage treatment plants

TABLE 1 A,B sewage treatment plant description

A sewage treatment plant B sewage treatment plant
Sewage collection system Separate system sewerage Partly separate system sewerage
Designed population for sewage 21,500 42,000
Designed sewage discharge 10,120m3/day 25,000m3/day
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2.3 RBEBEBRUBHREFEONEE

KIEE B SR CBRENXORIFE, Standard method N icH#EH L TIT R bh, KBERHIF A4+
va L~ MR CRB) , BERBEENEEFER (=9 24) ZAVEERETITRbNOA, $/, AIFE
KL, STHRERCESEo7T L - FBHEaENE, FLTERFROI Y Y PEMNtB3HT 2
b0 & LT, HEKE s CEERBAOCLT v b HERVAA Y v P BOREELEER L L1,
2.4 297y —-YORIERE

aY 7y - YORIERRKBERRVERERSORAIE & GHic Standard method8 N iCHERL L TR b N
7o, BEEMELTIE E.coli B (EFREEERSCHALvREEIAL) BHVORL, 277 -
Bov vk, AERIK 13,000rpn (15 500gal) TEOLEE L, 0 LBRIK>VWTI Y 77—
BBRFESNI, £, 2977 - PHRIKBEBCBHREBOBS LARCKINCAEIL TV S,
BB, 77— CORMERHAVSLNSE E.coli BIEaY 77— VOBEELTOHEEANEL, 2V 77—
DOIBTHR77—9, A, g BED77>-—VOFELLTEITHBE0bNTWST), Ketratanakul
8)503 E.coli K12 OERMABECAVWCTERBREFIOFHERNAT7 7 — POREETR-THBD
HEBOBERICOABENIHERT I 7y -~ VOLEPBERE2XVIERICEEBECE20ELHDS5EO
REAFEELELON B,

2.5 EUHHEERUEHKAKREYE,LSOaY 7y - POoFHE

Y7y - VIRIEEFRRUVBKAKREYBECREL, R L, KfEhLSHERL TV L EREESS 2,
2T, ERBRERVBAKARENE» SO ) 7 7 - VOFHRETRY, EOBEOaY 77 - OHBR
HELTOR RN, HFHANCRpHI~ILS TYYBNY 7 -2, 7Y v V@&l W+ 25
FHINTETVS, AFBICBVTR, FLAELTHI+2E2AVEIEEL, ARERIERER
PHRUHNI+RBELRET LD, ANEBIVEOHERBREAVCTERERZT R ~ 40
FHERIL, EHBER 3nl% 3,000rpnT 0SHEOSB L, FBREEECABRICHFRBEEMA
T 30mEl, KCHEBPLABLEGSSHEL, SS5EBLAHEETRIVWEDOEBROI N7 » - VA

METAEREIDITR -0 O TABLE 2 Effect of the pH on the elution of
. e e 7 coliphage from the activated sludge when
Bfeiay 7'7 MR LN beef extract concentration was 3%.
BB THRVESI NS, Table 2 i
, BT+ R IBEEERY, PHE  jyumber of elution 1 2 3 Total
5~13 ¥ TS EBEORERT
HD, pHIO Bb->E bR Y P> " N : 2
7 - VERNSEE I EHTES  oHeo . 3 1 1o
o DPHS PUTRUEpHI3 LUET pH=10 17 4 2 23
os : - pH=11 8 5 4 17
tiﬁ&&t%t}j\éﬂ?‘, p H i@ =13 o o o 0
LEWEAaRUCBREMTER2Y 7
— VOREHALBB I »TW5 AR TABLE 3 Effect of the beef extract concentration
on the elution of coliphage from the activated
Hed3. Tabl? 3BpHE 10 sludge when the pH was 10%.
L, Az + 2 DEEE 1~5%icE
EEETHTR - EBRERTHY,  Number of elution 1 2 3 Total
BEAEEBRWI S SRR
T o L1 s o 1% 32 11 4 47
fie EITARAOEFHERTE 3% 32 8 6 Py
Wx$ 2 1%BERzFBHELTH 5% 31 4 1 36
W, pHIF 10&F 58 EICEFL :
1o

3 FBERBIUVER
3.1 ANHBRUOBUEISSC I ZIEEREVORE
Fig.2, 3 WAMBEBBRUBUEROHEAKTOXKIBEEYN, BEREBNRT 2V 7 -YHEZzh T
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WRL TV 2, &Y, KIBRE g geometrical mean
RUBRERRIC I FHOLELRS E B coliform bacteria 1.0x105 CFU/ml
FORONBOS, 2V Ty - IH 5 D enterococcus bacteria S.3x104 CFU/ml
li%ﬂ;ﬁfﬁllﬁ&f);%%ﬁ‘ LB & D E o coliphages 6.5x10 PFU/ml
ThE. AUEBOEREATISTR  F

BEREHY 1.0X10%t0/nl, BIRE  © Wl

BE 5. 3x 104cfu/ml, 2 Y 7 7 — ¥ 3 )

6.5X 10pfu/nlCH Y, —HBALE @ |

BT 2. 1x 105cfu/ml, 6.7x 104 S

cfu/ml, 1.2 102pfu/ml& i - 720 g L L
chkp, A, BEALESOEAK éw Y ] B DR L g g
TORBME, BREBRCIYT  § ow Al ]

7 - VHOEBIBVT, ThEh g Al 140 Heh U0 70 §eR 0ol Be 21 128 Il B4

BIEFEEETEEL TV I LM
ST - foo Fig.2 Microorganisms densities in the influent of

Fig.4 RU 5ic, AMBIBRUB activated sludge process
MR O 1| R %8 U /- R
ALK, R TEBAAR K O
AKicxtd 2 RIBER, BIRER®
FUaY 7y - COBRERBENFE
NIRENTWD, F72, FEIBICHRE
Kb h SHEEREVORBE bR
EhTVW3, ChoDEhS, BY)
TeREGEKICEH T 5 &, ANE
BT, LELIERERES 100%
PEEIZ->TWE, $3bE, KB
WY, BEEHEKR Ty 77—
VEBESBMAKBEL DSVWEL I
S TW3, hid, REERHEY
KR ~RZEhTWwWB D, FR
CRBEINIMEYSBBESZIC LD,
K ~ER LA TS F® LT v Fig.3 Microorganisms densities in the influent of

_ . trickling filter process

3, k7, RESIDIB LN
BECHMOKFRYE~DOIN 7 7 - VORBELZRGEHARBELENICTRHANIER, BEBRERER
BF42iclidsT, 2V 77— VORBHEIBIEEZHEODIILTVWS, AFBRRBWVTH,
Fig.d OHFIRENT VB EED, BYILBRHETRKOBEGFRFBEIIEMEELT, BBHKT 2 RER
EBHABEEZRL, COMRPHAEYOKPI~OAFREHELTVE O DEELLNS, T, BRI
BEEIATVALEROBKICED SHRIBVKEBICRENEH, RAFCGKLABIShTOE A
BB, BREBERU 2V 7y - VB GEBHCEZRENSETS - 10

BMIERIcEVWTI, ALEBRTALNI LI RRFBRORMILRE~DREBL DT, 2) 7>
=025 - REBROVTREFRR 0BUTTHo, RKBENK, BREKRV Y 7 7 - VOFEEEKRE
i, Th¥Fh 62.2%, 50.5%, M. 9% ThH-7co LIzd-T, —IRKMBIBWTR, KBEERUVE
REFHREET 0B LoOBRESTRTCHZH YT » - VHHEEBE EREBBFITEL O,
RFECEBRMERKTORBEN, BRERKUIYV 77> - Y0A, BRAERICEIARERLS 5 L
(Fig. 4 RU 5), ARBHIBVWTIRNBEE, BRERKU 27 » - VOFEHRERRTLTH
8.4%, 3.0%, 3.4% ThH 7, THb 5, EUFRELEHOBEIRBKIERME TTRBEE, BIKEH

Dol o A S i S —d et et eed e ) e
Aug. Sep. Oct. Nov. ! Nov.2 Dec. Jan. Feb. Mar. Apr. May Jun.

geometrical mean

I coliform bacteria 2.1x10° CFU/ml

, [] enterococcus bacteria 6.7)(104 CFU/ml
W{ B coliphages 1.2x102 PFU/ml

Microorganisms densities (CFU/ml or PFU/ml)
“ ]
~y
J

[1 j fa 2 a ] ﬁ b 2 1

Oct. Nov. | Nov.2 Dec. Jan. Feb. Mar, Apr. May Jun.
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ROy 7y - vVvoERHBRERZENEN 91.6%, 97.0%, 96.6% Th-1o RKIEBEHORERSE
SEVEE S - 7 BBRERBOEHRICBWVWT, Sep., Nov.2 KU May O3 7 — A BELHRERICHEL
Ez2TB0, KEEBORBRERPELN-LEREELSNSE, L L, ABREEERBEhz—4F
MobOTHY, CHLLDERBENRLOLLTERT AT TRVWEELLNEDT, Choo
BRERLED CRHRER GRS, RICBUER I B 2 EPRTFRIKNBEE, BREERT Y
77 —VTZENREN 3.6%, L.1%, 18.5% Th o7 LicW->» TELHBRERI, T4E0 96.4%, 98.
3%, 81.5% &7 3%,

Pl obiEs ANEE (EHEREAE) & BAEBE (MKARLE) Th~xTh 3L, KBREBERY
BREFHCOVTRBRERCEERZ WY, 23U 77 - PRBELTRALEBICE~TBUEEDE KL
i BEENS B ot AMBISOERA, BYIEBOBIREKTOKBEEY, BRESENKU 2
U7 7 - PEBRAKID LELEGWMEEE >4, FABAEREBV TR CRRYILER TG
ERRUBRERS S0%ME, 207y - v B3 %KRESN TV I LEEERT 3 LERFRLE
OFBBHKARMIEBIIEART, ChoFEMEMETUBKELSBRET LD REBENEZR>TVE D
bbb, $f, Bica V7> - PBLTRIEEBELEOESFKARMNE L D4 S niElkh
EH-THBD, COER2Y 77 - POERER~NORERENLBKIZKEMBE~OBREZEHENOEICL S
bOEEZL SN B, Ketratanakul®) &3, EHERESHTOI ) 7 » - POGERELHN, BEAE
DAY 7y - VBERBRICBRBLTCWAIEEHIMLTEBY, 0kdRay 7y - YOERER
~OEMESH IV 77 - VORZCAEZLSEMRLTVE D EZELZONS, COHRIKHOVT, EES K
ABCBOTHEEERRUVBUKAREYMEL SO ) 7 » — POBHERETR - THBO%BRT 5,

ARER RO BUEHBORMKPOKBERFY, BREHERCFIY 77— V(i 4 RV 5)%2R 3
L, FEEBECTKRKEEERIREBRALUTcH, BEREFEIHAREBEN, 2V 77>, -vREBEAY
Oy -2 ThRilaht, £/, HEVMcCBI 2RPEEREFIAQLEE IR 0.23~1. 11ng/1, BUEIE
Tk 0~1.52mg/1CH » 7o HRICEBIT S FTKLUEKOHEEF TS 2RI ABEBH T 3, 000 /n
1TH01) A, BEAERE SABHBIBRHIATWIVOTEEINRER SN TV S,

T, BERERIIERERY 0. 5ng/ILITRBVWTREELTEBY, ERICH L TRBER X »IRRKE
BHED, BMAEKOHKBEEL LTI BRAEELL2TMEENS D, Lo ¥MIIER T 2R«
SWTORMENLEENE, U7y - PR, Hodbic bR @EORFERCH L cikiit2iE-T
B, MRAEEOARIDZITRKB Y 77 - VOLAEHILLRERBTV LI CEbLR S, $Hbb, 2V 7
7 — VEREFNIUL LTV IHYOREEY 4 A2 b, HEBEEAREEET 2 08EESH D,
BMHKOZBKEB L7 VT — v a vREDHPEREAMAEGE CFED 2 L5 RKEOBAEISE TR
TEAMENS B,

3.2 FI3-094XickBany - ONH

a7y - VORECH TORRLINE S, AFBCHAINABERR B.coli B THDEFEHA
MBEVDT, E.coli B LBEEZHROH2EARIY 7> - CHREINTVAAEER NS 5, £ T, Fun
denburgl2) S WP ERRRIC, a7 77— VDTS5 - I HEFHMT 2T ROLEY v 7 AR 2065
BICERIE LTS — 72 OERE ImmllF, lon~ 3am BX U SmPl e T3 &icky, KEh
RaYT7 7 —VDIATONEET B EBHEINES PRI ET -7,

Fundenbergl)ic kif, SmmPl b 7S5 -2 %225 22y 77— PHBEBHRI AV EHERSD, B
DANZOIEIELRDIBZEERL T2, KFBETEOSLALT S -7 0KRE XL B0HERNTable
4,5 WRANT WS, 72720, ChoRBBAERBMICTR -7 I~3AORFBERREZ~HIcH LS
DTHb, ChoDRLD, ABREBRICEWTE, MAKD SIHFEKETT Imn~ 3mmd 75 — 748 40
~0UBELEH s HED TS, —F, BAEBEIIBWTR, £FLb lmm~ D75 — 7 BEBHEL
BTWBERPESTREIHZFLHHLTVWS, LAL, BREBMRUKFEKIC>VWTRaI ) 77—
BoDREEBEEIR>»HR WL, FRECHRT275 -7 8ick-7T, 75 - 7D0RESbHE
22BN DD, I - OREIRE-T 7y - COSEBTEEZLEIDPEBTH 2,

27T, AMBEORYITRMERKkLVEONALKRES Im~ 3mD 75— 27 %2EH£BicEy, B
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TABLE 4 Classification of coliphage by plage size in activated sludge process

Small size

Middle size

Large size

~lmm lmm ~3mm 3mm~

Influent Number of plaque (PFU/ml) 149 122 141
Percentage (%) 36.2 29.6 34.2

Primary Number of plaque (PFU/ml) 151 129 88
sedimentation tank Percentage (%) 41.0 35.1 23.9
Secondary Number of plaque (PFU/ml) 18 15 15
sedimentation tank Percentage (%) 37.4 31.3 31.3
Final discharge Number of plaque(PFU/ml) 4 9 5
Percentage (%) 22.2 50.0 27.8

TABLE 5 Classification of coliphage by plage size in trickling filter process

Small size

Middle size Large size

~1lmm lmm ~3mm 3mm-~
Influent Number of plaque (PFU/ml) 59 82 53
Percentage (%) 30.4 42.3 27.3
Primary Number of plaque (PFU/ml) 40 87 41
sedimentation tank Percentage (%) 23.8 51.8 24.4
Secondary Number of plaque (PFU/ml) 2 5 1
sedimentation tank Percentage (%) 25,0 62.5 12.5
Final discharge Number of plaque (PFU/ml) 0 6 7
Percentage (%) 0 46.2 53.8

B (E.coli B)ZEUHEBRCHEBLRERL, ETEUBFHEMSBIC LY, BBRETO7 » - P OR%E
RiTR T FORBROEBPEEZE Fig. 6 RLTWVW3, Figb-A Ba V7> —SZMBLTLEL
E.coli B OBZDBEHEEETH Y, Fig. 6-BRU 6-CREFNFha2)V 77, - C2EELALZLDTH 3%, Fig.
6-B ICiXTHR77-YVEEDLNE 77— YW Eocoli BIRBRFLTWSEIEELL/RLTED, Fig. 8-C
K TR77-—VUADT7 7 -2, BELHL {177 —PRBRED THR77 - YVED/NEWT 5 — DB
E.coli B RBHBELTWAEIEBbM 3B, 7, E.coli B DADOBREEHICI E.coli B /v~
ZbiEBFrYrRBRE OBV, 7> - VEHEBLABHEEEEI»ED Ecoli BDOF MY & 2
Rohd, ok, ALAREE (Umm~ 3m)D 75 -2 kvBohtcr7r—-STh, Biotcs 47
D77 - VIBERERINLIEDS, 75— 270KEXLIZ23V 77— PORBRBKSEREVNBE LT
5, LdL, 077 VETS5-JOREZIREI->THETEIEBTEDIRSE, TR VAAE
R HETHEDOTEHRIVSDLIBRAZTR VIV,

3.3 WHERRUVARAVE,PSDIY 77—~ YOFH

wic, a7y - YOERHRRCBKAREMED S OFHERERD Table 6 RENL TV B,
FHEREIEIR LA HETITRbN I, Table 6 X D FHERMERBRICOWTIR SETLDR, &UK
ARIZ>WVWTI AT bt BHEBERIK>VWTRESZ &, EHER In1H D FEg7T 125 PRIO2 Y 7 »
—UhEFEHEN, BHBREREEEFITHREBEINATVWEVLWIY 77 -2, 551 L 3,000rpn TELD
DEENLIBEROI 7y - VBEFANBEICEY, IHBOKT I - LHRINTBY, EWE
BEGEFICEOVTRERTEIREDETH S, (I hidKetratakal SIOEBIc—FK 45, ) £/
BB HEKP &I N 230 77y - YHE Mo FREAca Y 77 - PHICBEZLL, &R
LR K CHI10 PRU/mIAER T 2 &, 2V 7 7 — PREBHERLEBIIBWT, BEANOREDAI
LoTHREINTED, FEBHLINTREIRTVWZDOTRBVWIEERLT VS, 72, BKkAKRE

—135—



B: T group phage C: Smaller phage different
from T group phage

Fig.6 Scanning electron microphotographs

YRGB ER 1ng033.4 PFURE L TH Y, EHHEREZBER Ing24061 PFUICtE~2 & 1/28F /D&
BELIZ-oTWD, COFERIE, HEBRAELY SBUKARQBICB W T Y 7 7 - VORERMB/NE
WEERE—HLTWE, WFhicLTba ) 7»— YR, EHBERELRAKEYE KRS S CKkdh
SBREINZIDOTH->T, NERILICLEBDTRIBWIEBHEHSMIZE »feo LI > T, T/KUELE
PHDEROMFICO>WTIE, MEENRE»SRE I LRIET, Y4 VRENBE» S SARFEREY
BELd 5,

TABLE 6 Summary of experiments on the elution of coliphages

activated sludge trickling filter

Coliphages density in the effluent of
primary sedimentation tank(PFU/ml) 135 103 —_— 167
Number of coliphages eluted from
activated sludge mixed liquor (PFU/ml) 137 114 109 —_—
Coliphages density in the effluent of
secondary sedimentation tank (PFU/ml) 11 12 10 62
Number of coliphages eluted per mg-SS

(PFU/mg) 68.5 57.0 57.5 33.4

4 EH

ARFBH-RBRZEHNTHIERDO L SICI %,

(1) EHBRAUEICBWT, BRRERMEHKE COERERERIKBERE, BRERKCaY 7
7= I TENEFN 91.6%, 9T. 0% RV 96.6%TH>1o —H, HKARMLEITBWTIE, FhEh 96.
4%, 98.3% KT 81.5% LB »Tco COERKD, a2V 77y - VORER DV, IEHEBERLEO G
FOFNBRHITH B I EMBbh T,

(2) MNEED SOBRFEKICBWTIE, BREEHRN ong/l~1. 52ng/10HHHIcB VT, 275 —
BEEALEDY —2THREh, b-LbiERIHLTERMEE - T3, 72, BIKEH GBRIFIER
50.59mg/IA T BOWTRIE ST, RBEEL0ERICH L TIRRESS 0, KRKOEEME &
LTE0EHEEDNE, Tk, BEKPIEKBREESREESWZL TS, BERREBEC2) 77—
ChHRHERTBY, BHEKZEKBEONREEFENLZEMD S OKERLSICEEREILILENH 5,
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(3) RHEENBaYV 77— PDF5-JOKEIRLD, 2 Y 77— VAR TI2RA2RNEHREE
L ERBOERRM T, SHRORTFETH 2,

(4) BHBERRUA2EREME» S0 ) 7 7y - VHEHFER X, EHBREEARPIBVLTI, 2
77— PHBEAEBRIEBELTCEELTWA I EPHEShIL R 1o 72, 32U 77— YIRIEHFE
RBEUCAKREVBEIRER Ing24D FHEN 62.8 PFU, 33.4 PFURB L TWo LicdaT, 2V 7>
— VREKAREVBE R CEGRFER~OREOHMELS L D REWI EBbh > T,

BbDIT, E.coli BORFEEVWALVWAEFRERENEHAEREECHEERLI T, 4, X
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