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#1 ¥ 28FSIAM CEESIhLEVHELESERR
CAS/ . &
mEHF Ty — {LE2MEL AR —
EMER | BRIE
7664-38-2 Phosphoric acid KO LP LP
109-59-1 2(1-Methylethoxy)ethanol Jp Lp LP
1185-55-3 Trimethoxy(methylsilane (MTMS) US/ICCA N/A N/A
71-65-6 1,1,1-Trichloroethane US/ICCA N/A N/A
2768-02-7 Vinyl trimethoxysilane (VTMS) US/ICCA N/A N/A
MEHFITU— | Oximino silanes
2-Butanone
2224-33-1 ’
0,0',0"(ethenylsilylidyne)trioxime US/ICCA N/A N/A
2-Butanone
22984-54-9 ’
0,0',0"-(methylsilylidyne)trioxime
1,3,4,6,7,8-Hexahydro-4,6,6,7,8,8-hexa
1222-05-5 methyleyclopenta-y-2-benzopyran NL/eu N/A N/A
(HHCB)
1506-02-1 1-(5,6,7,8-Tetrahydro-3,5,5,6,8,8-hexam
NL/ N/A N/A
21145-77-7 ethyl-2-naphthyl)ethan-1-one (AHTN) e
27176-87-0 Dodecylbenzenesulfonic acid KO LP LP
Tris(2-chloro-1-methylethyDphosphate
13674-84-5 IRE/ LpP
(TCPP) o
Tris[2-chloro-1-(chloromethylethyl]
13674-87-8 IRE/ LP
phosphate (TDCP) e
2,2-bis(Chloromethyltrimethylene
38051-10-4 IRE/ LP
bis(bis(2-chloroethyl)phosphate) (V6) eu .
41267-43-0 Fluorescent-271 JP FW LP
544-92-3* Copper cyanide KO Lp FwW
ME AT~ | Alkyl phenate sulphides UK/ICCA N/A N/A
68784-25-8 Phenol, dodecyl-, sulfurized, carbonates,
122384-86-5 calcium salts
68784-26-9 Phe‘nol, dodecyl-, sulfurized carnonated,
calcium salts, overbased
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CAS/ . 3]
Ehe gy | EEMEE Rt —
ErERE | BIE
68815-67-8 Phenol, thiobis(tetrapropylene)-
68855458 Phenol, dodecyl-, sulfurized, calcium
salts
73758-62-0 Pheno.l, Ci12 & C18-30 alkyl derives,
v sulfurized, calcium salts, overbased
Ph - derives.
199384-84-3 enoll, C12 ar.ld C18-30 alkyl derives.,
sulfurized, calcium salts, overbased
199384-85-4. Phe.nol, tetrapropylene-,  sulfurized,
calcium salts
199384-87-6 Phenol, tetral.)ropylene-, ~ sulfurized,
carbonates, calcium salts, overbased
3896-11-5 2-tert-butyl-6-(5-chloro-2H-benzotriazol JPIICCA Lp -
-2-y1)-4-methylphenol
17980-47"1 Isobutyl triethoxysilane US/ICCA NA | NA
MEHTIU— | Mercapto esters
107-96-0 Propionic acid, 3-mercapto- US/ICCA N/A N/A
9935-90-2 Propanoic acid, 3-mercapto, methyl
ester
MEAHTT— | Thioglycolic acid and salts
68-11-1 Acetic acid, mercapto- BIAC/ICCA FW LP
5421-46-5 Ac;tm acid, mercapto-, monoammonium
sa

FW = The substance is a candidate for further work. GEMDRAEHATI/ELANE)

LP = The substance is currently of low priority for further work. (RIKCIXEMEEZDONHE

1EL)

N/A=Not applicable (EIEAEH SN iEho72)
M) R VFHICAENBOAGS ST,

ICCA REFMEF I ERSHBERICL IRRRHETY,

eu [IERMESTOY R VFHEXELRICL-C EEBKT B,

BES(%. BIAC: BFEXHEMEER, IRE: 7A4ILS > K JP: BAR, KO: 8E. NL: F
SUHF, SE RYz—Fv, UK: EE, US: XETHD,

{LFEVREER HS5EE 25 (2009.12) 201209 H ,
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OECD B4 EELEYEARINI S L : 8 27 AN MSEHE
OECD High Production Volume Chemicals Programme:
Summary of 27th SIDS Initial Assessment Meeting

WRRBEF BHER 2 EAFM LEHE!
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2: (B 2P MRS L IR IR

3: () EABREMEABRBEVAIHARLVE—

Mariko Matsumoto!, Shigeki Miyachi?, Yoshio Sugaya?3, Akihiko Hirose!

1. Division of Risk Assessment, Biological Safety Research Center,
» National Institute of Health Sciences
2. Chemicals Assessment and Research Center, Chemicals Evaluation and Research
Institute
3. Research Center for Environmental Risk, National Institute for Environmental Studies

B

BE : ¥ 27 B0 OECD B4 EELFMEMHTMREL. 2008 F 10 A 1416 B
ZHhF A DA ETTHEShz, CORBTIEE 35 PEOMHFEIEITOVTE
BIh, IRTOMYPY RV HEZENEE SN, BARIE BEFSPREEEZERLT:
Sodium p-toluenesulfonate (CAS:657-84-1) . EFLR2ITEBEMES (ICCA) M
JREMERK L 1= 1,3-Benzenediol (CAS: 108-46-3) & U EU OFHEXEL D & IT1ERK
& M 1= N-cyclohexylbenzothiazole-2-sulphenamide (CAS:95-33-0) D EAFEEXE % F
AV ERICRE L=, AT, B 27 ANHFMASBOHNBERNEOBRELZRET 5.
F—D— R BFRAEREE. SEESLPYE. SIDS MHHERE. VR
{ifi .

Abstract : The 27th SIDS (Screening Information Data Set) Initial Assessment
Meeting was held in Ottawa, Canada on 14th-16th October 2008. The initial
assessment documents of 35 substances were discussed, and the conclusions of
initial assessment for all substances were approved at the meeting. The Japanese
Government submitted the initial assessment documents for three substances,
sodium prtoluenesulfonate (CAS:657-84-1) which was prepared by the Japanese
Government, 1,3-benzenediol ( CAS: 108-46-3 ) which was prepared by
International Council of Chemical Association (ICCA) and
N-cyclohexylbenzothiazole-2-sulphenamide (CAS: 95-33-0) which was prepared
by Germany and the Japanese Government based on EU risk assessment. This
paper reports the summary of the 27th SIDS Initial Assessment Meeting.
Keywords: OECD, HPV, SIDS Initial Assessment Meeting, Risk Assessmen
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XL oI

EER HERHE (OECD: Organisation for Economic Co-operation and Development) T
CF. BEEELEPE T OHECELMBED 1 sBIZSVTER 1,000 U ERITEES
f-IEA S h TS E (HPV: High Production Volume Chemical) ] IZ%f LINBEED .
AMAIZEY ., PHAY R EHRENE - 5HET S HPV BB TOSTSLET->TWS, MELERIE
TELBHALDD, TAFNELETHEEMEDY AT OUFMHLERRA Y-V 1E
$RT—4tw b (SIDS: Screening Information Data Set) DIEE DIFEHRINEPLHBREITLN, ¥
ST XE L LT, ¥HAENE 0 7 7 1 JL (SIAP: SIDS Initial Assessment Profile). #)#3:F
fliL"— k (SIAR: SIDS Initial Assessment Report) & &k UHBFEREHE (Dossier: SIDS
Dossier) M 3 XEH/ER L. MHAEMLE (SIAM: SIDS Initial Assessment Meeting) [ZiEH
LTEEETRTTWS,

COTOTS A, 1990 ENBEKREICEOE, LEMBICLI2FELERIOE LB L
VEBEZRET 5L 412, EEHOLEVERFOKRFER - ERBRAOGEEZRET IRER
BELETOTSLO—-EELTITFEDITINVS, OECD OEEMERKICHITH HPV 5T
O7SLDEEDIT,. SETORRES L UMBTMXEERAERT EDEMTITE (2006) H
HMEL TS, BABFNEY LERS L UTHENEE SN -LEVE DM@ XEIC DL
Tlk. B45fth (2006a, b, ¢; 2007a,b,c) BHEL TV D, = E1HNLHE 18AETO SIAM
DMEIZDOVTITRAM (2006) FSEIhizLy,

1993 M 1 [E SIAM H» 5 2000 £ 3 BN 10 B SIAM F£TIk. MBEBRANREE &4
YEZFT o> TELMN, 1998 EMICERLFEIERHKMESR (ICCA: International Council of
Chemical Association) 2 HPV S 707 S L~ADSMERBA L, 5§ 11 [ SIAM (2001 %)
MNOEERNICCAA =TT 4 & LTHHFMEXEDERICHAL TS, Zh 5D ICCA
AT T4 TOWMBEEXEEG, REE L THYERFEZECTRHEShTWSA, RRY
H—E (MHTEEXERERERFRYT 2EBFLETEROR) NRESLVLHEIZONT
%, EERMNEFEEEMZEES (BIAC : Business and Industry Advisory Committee) %@
CTE#E. MHAFAXEFRET I LLTETH D,

¥ 27E SIAM (22008 £ 10 B 14 BA5 16 BETAFTZAOA 2 JTHESh. mMBEH,S
324. ECHh5 34, BERND 2080 55 A0S ML ., 35 MEOHMFEXEICOLTOE
EATOhhf, BEAMS L, BFEMAR BR). F7H¥—n— (1R) BLUEER R M
HE LT, X TILE 27 [ SIAM TOHEARS E LT, ¥ 26 B SIAM LD HPV S 70
S LOEBRR., DHEAXZEOEEEERLUARATOIS LOSRMNLTBREEICET S
HERBICOVWTHRET 5. 4H. ABIETE 27 B SIAM OSEREEESBLTHERLLE:
(OECD 2008a).

1. & 26 [E SIAM LI HPV AR 7045 S LEBRR

(1) DREFEXEO AR .

SIAM TEEIN-THEXEE. BFECEMEBRIC OV TOASRERETHS B
FLEMEIRY 7+4—RA] BLULEYVEORLEBOLBMEAHERET S TOECD 1t
HREBESBLIVERGE - BE - NA(FTH /00— EXEBRERKE (Joint Meeting) | IZ17
HLUTEREZED, REHMNESAE SIAP 122UV TIX, OECD A HPV F—4~X—2Z (OECD
2008b) #@E L TARIL TLVS, Dossier (& IUCLID (International Uniform Chemical
Information Database) &WVH F—42R—XZHWVWTER SN TSN, HAFEETI AR
— b7 F7ANCTBIEITEST, ETF—2DVCYRYMNAIEEL LS, SIAR & U Dossier
[ZDWTIXEEREEE (UNEP : United Nations Environment Programme) A%, £f-IT ¥

{LFEYREERE HE5KF 15 (2009.4) 105—115H .
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AR=bT7A4NIZDONTIE, OECD BNERENRDY =z TH A FTRABELTLVS (UNEP
2008;0ECD 2008c),

% 26 B SIAM TEEINAEINE-VHFMXED 5L Hexamethylcyclotrisiloxane
(CAS: 541-05°9) I2DW\TIE, hF FRELHINBREZEORRIIT LERE R 2128 SIAR
FEETDHI LIZHHT1=H. 5 26 [@ SIAM TEESIN-FNLUND SIAP (ZEIFLELEYEL R
9 7+ —RE LU Joint Meeting [TIRHE Sz, Fi=. % 26 B SIAM #IZ CDG (Committee
Discussion Group : EFHBTRIR) LTEEINEXEIZOVNWTHREKIC, BFELELEMELIRY
74 —XE LU Joint Meeting [ZIRHE ESh 1=,

MM XEOLARHEIL, UNEP DR A2 v IANEBADEOH>TEY., 2REREHT
% 24 [@ SIAM BERF &L R4k 398 ME TH o712, 0ECD EHEBIE UNEP h o D ARXEREHFD
. OECD OV x JH A FTCRESIE=XELXZL/RT S LZEAT=, BE. #1140 YEODH
HEFEXEN OECD Oz JH A MWL AFTEELEHE > TS, 2FICDOULTIE, UNEP A%
T>oTWLA &K SIZ SIAP * SIAR # Dossier [THHET—2D T 7ANLIZT 5D TIEAEL, =2
DIFAINEEBEBERATARALTLS,

SIAM 1B 2BEHEELE FEEEZEZICOLWTOEIEIE. FW (The substance is a
candidate for further work) Ff=(Z LP (The substance is currently of low priority for further
work) & LTRENTVS, FWIE 5% LEMOREAREENBETH S . LPI1x THIR
DERRRICEVWTITENEEDORLETEL] C&ETFT, LHAL, BIEDREICOVLTIL,
Joint Meeting CTHIRT A EABREINTE Y. ELVEED SIAM o RBENLCEINDF
ETHD. §EHOD SIAM TCIEAEEEDINENMIRRUH—DBRIZEE SN,

(2) BRRODHFMEXEFRERRIZONVT ,
SIAM A&7 LTz, R 4—EEfEEERE SIAM TOBBE S & ICRERO AT
flitE (SIAR.Dossier B UI Y AKR— T 7 IL) Z{ERLL.SIAM % 3 4 B % Bi%(Z OECD
EBRBICRET S LICR->TWS, RRIROMEAFHEXEDREN 6 » AU EH#E > TS5
&, ARV —EFLIIEERIIRRGALREFEHRETTHENH S, OECD BHFRBIX
VB EORELICH > THREAE LTSS ELERET DL SEZT-.

(3) IUCLID #RE/L—TIXRX/N— bR ZEORE
IUCLIDE ARRHINTHSHMOTOFERE I N —T T X R/3— bR IILREH. 2008 F 9
A 238 -24 BIZ/NY @D OECD A& TiThhiz, RETRERODELSGEZINFELH LN,

(TRALENEUNORBTHLHEATEDSLSIBY I FIITICT R ED) ERE
DERIZHA SO, —F—A U3 —Tz—APHEREEZEICHAEL T &,
HLOWEREOLOHICERALDETEMEZEICRESE TN I L,
T—BANHEIOVTOAANF UV AXEBERITRESIE TN &,

OECD EHBIE. ChoDIREZ2EDI-DICBEIENZEDILENH D E L=, HHIZHE
FREIL. BELLBROEHDIC. EQOLSHERINEE - RBFIOBRENE - RETH-H0D
Y—LELTERALTWSAMEMY W el Rfz, ITUCLIDS OFiEE TH HEMILEMER
(ECHA : European Chemicals Agency) [EZIFRA/NN—bRXRILDEREEEL T ELT,
ECHA AA®IE TELVERIBLOBRIZOVDTIH, TFR/NN—FARLIZRL, E2HELELE
OBEEBETAIEEND, RADIF RN~ /ARLIE, EREN IUCLID 5 DB EBTRME
&, ECHA W EERBOHEZIL THHBMZIM > -EDEMIRICFESA TN S,

AL EYREERE FES5EFE 1S (2009.4) 105—115 H
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2. % 27 [ SIAM TOZEBERKR

(1) PMRFEXENESEBER

NPFEXEOTEIT. AR —EFEEERSVNYTMECEZOEELZCDCGIZBH L.
CDGLETITHH/EE QA FORE, a4 F~ADRE, 342 MG CSIAPOEIE)
HEIUSIAMTOXMEHBTITHON S, F27TESIAMTONHFEXENEEL. CDGTHE
RIS T EICBELESIAPERAWNTITHO . BRIE, BERBEAREZEM L =Sodium
p-toluenesulfonate (CAS: 657-84-1), ICCANRZEIER L 721,3-Benzenediol (CAS: 108-46-3) .
B UVUBEHBRFEFRFAYNREUDODHEBXEEH (2 KL I
N-cyclohexylbenzothiazole-2-sulphenamide (CAS: 95-33-0) D#IHAFEXEXEH L=, $E
DEETIL, 35498 (37CAS) DWHFHEXENTEIN., TXTOMNHY RV EEEERENS
Eaxhf: &D. 9#TH, ROVEITOVWTIEBEEDOEBLEL LA S o= -DHET S,

1) 1,3-Benzenediol (CAS: 108-46-3) _

1,3-Benzenediol (CAS:108-46-3) 22T . HPVRET OIS L LELEMERSHHE
(IPCS: International Programme on Chemical Safety) O EEEZEFMEXE (CICAD:
Concise International Chemical Assessment Document) A5 S LIZ L A EHEEELR -
HDERAE LT, CICADEZSIARE LTIRETHZEICEENEB LN TS GaFM 2006).
ARUY—THDBERICCAN., CICADDOFEEH#FR L BLDFMEITo1=1-%. $EDSIAM
THHEBIZER SN OHFHEXENETE SN . SEOSIAMTHHEEARIZSEN G LN
f=M. DossierlSEBEH SN TVEWMERA H =10, SIAMBRICHBT—2ZEET S LIC
otz

2) MEHF 3T — : Nickels and nickel compounds (CAS: 3333-67-3, 7440-02-0, 77185-4-9,
7786-81-4, 12122-15-5, 12607-70-4, 13138-45-9) . '

ToI—Ven(E: CORBEMMESTON R VEEXELRICLEIEZEKT )8
HL-YWEH 731 — (Nickels and nickel compounds) [XF24ESIAMTEEch, b ik
FHEITOVWTOAFEINT (LK 2007, SEIFREZEICOVTESEEIASGENED
Nz AESNEBREZEIC OV TOMEFMEXEIRFLEMEIR I I+ —ADREEH
=&IZ, £ MEREEITOVLWTOMHFEXEICHE SN D,

3) Antimony(Il)oxide(Sb20s)(CAS: 1309-64-4)

A x—TFT 2 eup$B Y L 1= Antimony(II Joxide(Sb20s) (CAS: 1309-64-4) [XIBIE R T
Senarmontite (CAS: 12412-52-1) # & U Valentinite (CAS: 1317-98-2) OB ETHET S
ERBY. Thio3DDCASES TRINDIYPEDEZLEUFEOEZIZ OV TOFERN AL
cEML, FIRD2DDCASEENNHFFEXEITEBR SIS LITH o 1=, '

(2) HPV g 7055 LIBT3 28 ERE
1) Dossier DIEEMERFROEBIRIZDINT

LE2MEORRIE SIDS HBEO—D2THY . —RUTHE. HESNRELTOERAZS
FURERZERHT I EI2H>TWS, LML, BEAFITU—EEEZRAVEESIZ, &
EMEORECIEZOAREEZHABLICCOLDEVWSHEENAEL TS, #2C. $EO SIAM
2531 T, Dossier DAREHAZEFBET H-ODOENBEIN-, TAYH, hF 4, BX
MNERIZaA D FE2EBE L, FEAEDIAY MIBEEEZZETLILOTHY .. BiRT
NE-BIFIEEPMEEA R D+ —ATHLEERICEENB LN, £ 27 @ SIAM Ht BEEEX

{LEEYREER H5EFE 15 (2009.4) 105—115H
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# L 1=A Dossier FADLPT VR THD L BT, LFMEORERHDAREMEICONT
BERICHETELENVETHD & L. REIO SIAM TlE. RKEELFFOEFESEIC
L= HPV SR TOTSLADTZaATABEXES LV, L YFHET= :17)1/0)7:14’9 VAN
BASIDTFTETH D

2) CSR/SIAR 75454 U#EEICDNVT

IUCLID5 (& OECD ) HPV s 7045 SLETTHL, BMMESIZEITS REACH
(Registration, Evaluation, Authorisation and Restriction of Chemicals) THERIN TS,
SE0O SIAM Tlk ITUCLIDSICTAALET—A0 o BRIEREREH L T, SIAR F(&
CSR (Chemical Safety Report ; REACH TEf) #{ERT 5T 554 VKEEDRREIZ DL TH
Exht-, BESATIECSR #ERT2E=00TS5 14 VB0 AHRRFEINTEY., SIAR 2
T 3100 T554 Ui ERTAICEMNCEENDLETHL 5 27 | SIAM ([£.SIAR
DTS5 A Uil RESRATHD & LA, SIAR BIZEE#BHET D81, CSR T3
FA UBEOERRREERIRETHDHE LI, Tz, CSR T35 1 URETHERL-L
R— ESTRELERA ’&é'lﬂ‘?‘é’%) iz oto’C SIAR ##EfT A5 EHHRETHD E LT,

3) OECD HPVAR Q4 S LOERERIZDOWNT

US FyLol7AaYSLTH. LEHEOEERHOFHMERTXE (HC : Hazard
Characterizations) 2L THEY (EPA 2008). % 26 [H SIAM (X HC % SIAR OXbH Y (<
OECD ) HPV SR TR4 S LICIRHT D L2 KB L, HC OXEICFEEE, ARP X
VEREIZ OV TORBRIEIETATULELO T, HPV 870 T 5 AIIRE T 3BICIXFHROE
mAREELEhS, % 27 B SIAM Tld, HC % OECD ’\?Ekﬂ?"éﬁ”@?ﬂ%'ﬁ/fl 2LTO
ENHESNh, ROTV RSA VICEENELNT.

*@b\bh:ﬂﬁ“%@-‘*
HC ARAERFINHS. $EIXZHCEX% SIAM |TiRHE L SIAM TOEEEHLLICHC O
BIRXEEERT %, EPAIZBEEH HC 0 x TH A4 FTRHAT %, OECD & SIAP
/ML HC OXEFSRBTESL L5122, HC ISR, EC DS A OECD THOEE
DEBREEMLELOT. ECOEINUSFr Lo Tads LBEOFHENETRT .
4 L< L. *XELAR CAEHTEMEORRESC 21y FOXEF US FrLoo7nd
SLEE. OECD O T7aYS LRICARIZHERT %,
HC AARINTULSES, SIAM TOBEZHEITKENXELZBEL, BEXEE
EPA O =794 FTABTAH. £HEEED HPV R 7055 LOXE LRI
OECD £E¥RBICIRE L. HIROFHETEM D,

KELUSNOEI HRRHET HEE

HC # HPV SR 7045 S5 LICERBH LEVEIZERIC EPA ICERKRL, H LESEIIOVT
HC L 2L 2EHRICEHHSIE. SIAMANZHEIC L YRIEEMRRT 5L 58 NT 5. XKV
H—@lZ HC 257055 LICRET 2=OICTE L TWAEROEMZETS>. H L. A
HEIZOWTOFERMRRAR Y—ERICEMGER. XEOEEZFMSFHIELNLLI,D
Lhily, SIAM TREMNEBLNFEE. AR H—EIXMEEXE%: OECD EXERBICREY
5o

EERNLRHETHHE
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HC % OECD ® HPV S 7O S LICRE LIVWAR Y — (B LURHOa VY
—74) [F EPA ICHRICEKL. H LASHICOVT HC LELARRITEIHEL.
SIAM FilcHREIC K YMBERRT 2L 58 NT 5, SIAM TEEMNGLOIEHE, KR

H—IEEXE % OECD EHERBIZIRET 5,

*Eﬂi HC ZERT HI&H=> TIE. EERHMLIBHEEN S Dossier IZMZ . XBBRELT
SFETHDE L. BIACIZHC # HPV & 7' 7‘3Al:?§tﬂ?6f:&)®x#\°>*f—éﬁo
158 h%ETHEELIC, SHELAEUHERRORBEEZEHRITEEL5B0D& L1,

4) OECD HPV s 7045 S LB+ 5 BIRMEMEDERIZ DT

OECD ® HPV 270/ 5 LORFHENBEDBEEDRLRADLHIT, FEOI U
'1'5'( VU hOHEEET BFE GEIRIYETE : Targeted assessment) DEADARERICDOWNTE

Bant, BIRMEML, BESZEFIe MEEREEICOWTAFURLEETOFERMN S,
EE'I FECRLEEDRL—H LLFEHOI U FRA Y MIERER - TEHET 5FE
THb. W T FIEHFFRIFEEE 1999 (CEPA 1999: Canadian Environmental Protection
Act 1999) TITHhTWBY XV MEEMICEHEFEEZRB/N LIz, F=. BUNELEYER
(ECHA : European Chemicals Agency) & EU A3#{& L TUL'5 REACH D ifi{+E XV Dossier
AL, BEOAEM., HIZILPBT B - BREE - FEHOHLME) £2(E CMR (%
DA - ZERYE - EESHEOHIME) G LITHL T, EDOK S ITHRMEFTENTHA SN
L.

OECD E#BIE HPV s 7oy 7AW'C ED LS ITERMFFEMSER S TLL ADTH
oA UERRLE,

- OECD OEFERARIOFSAICHIT2BRNFHEL (L. BRENGHROBELI Y FRA
hDHD (T SIDSIEREZFEIZIRL) FEHOFMEEEINSD,

- BRIRMEEIE. K YRENLGFEENETEFESIETHE, non-HPV IZRE L TERTARET
HY. OECD MBEICE>TERAELOTHSHITEK. VRAVEHE. DELRTE &L

CIRVEIBLREDEMICEET AT FRA VAl ERETHD,
FEHONYPEM=DLWTERILEITEHOW I FRA Y MHFFERE EX D,
SIDSIEEMIY KRA v rHLEHEECLOICIEHPYV R 7O S LTRIATYL
HRINROBERERH L TVWIBLENH D,

» SIDSEEHTHWLIY FRS Vv rE2RAVWERME@ELAIsETH Y . ERRBIER £ D SIDS
BEETHWI Y RRA Y MG TCEHET 2L FRINED,
BREEETHLEBRELGZTY PRS2 FORBREIITRTRETRETHY . ZOEL
DI RRA Y MZONTIE, BEREFIELTWWEWT & ZHET 5.
MEHTIT)—OEHEELBRMEFBIRRICTIEATESA . AT —DESNE
RERI Bz SR EMMEE) EHDTY FRS D FOBRAREE SIS,
BIRMEEZ T B8 . XEOEEN JIIDOVFEXELRER S 2B TEDL L
SBREINTVIRENHD, T BREESHLELZIVRRSA D EYXMMIRTLE
Nhbd. TH5NSEREFEITSIAP D LB LU SIAR DAHN—R—V[ZREND,
ER{ESCE % SIAP, SIAR, Dossier ERILHXZFERA L. L ELBEBROAFANT 5, SIAR
ELTOBMERETOTHNE, DA TOLR—EAELNRLIE LT E'CZE)%JO

- BEIRMEEEE. VHEAXELABOFIEEAL SIAM TEEINGIN. BLLE
ELTEBIIERNFMICHE 1T 2FHEXEX.OECD Mo RSN E L & %(LUNEP
b‘%%’&ﬁéﬂ%éo
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s BIRME@MOXEERKICBITARRUH— v FIZOTE, OECD OF—42R—X|[Z
FUNBEh, TOFSLADOEHELTHDI Y FEhd, LHLL HERIZIZ L0
HITEXEDRE & BIRMEMEOFMXEQRKE ST TLREIN S,

SIAMIZOECDASR L7 b S4 VIZIRIFERB LA, ROL S GEEN G ILT,

- BRMEFEFTI L EEL LT HERZHART ILENH D,
AFARZLETCOAELRREZBRENLERTRINETH S,

OECD O HPV 704 S ATIH,. BRDEEBEODRV)—=VUJRBRELTERESNAT
WAEWEERESUHHBRERARELINS, §%. BRMFEICLIFEXENZTANLD
NBZEICHDE MBEOATHEMBINE-YE ZRIRMEF[OFFEXE & LT OECD 2R
LEBBEEZ DN, OECD EXBIGBIRMFTMFEICOOVTOXELZBEL. BETHI L
[Zhiof-, BRIREEIL 2009 F4 BOBRELEPEIR Y T+ —RAETIZEHFSIND, SBIC,
OECD E¥BIEAh T4, ECHABLUEREL L BIT SE#RE’Juﬂﬁﬁ@Sci{ﬁu’& % 28 [ SIAM =
HEMICIBEHETERVWARET S LT o T

5) BRIBRIERE Y —IERWEFEEAZEISONT

OECD @ HPV 704 S LDOXREMPEDBRZEINERLKAL-0IC, FHETREY
BENBEEMZEDTZ=00Y—IL (BEIEHERE Y—IL : Priority setting tools) ZFL =¥
EETOFRAERELIE, hFFEEAMEY X MIBHEIA TV SR ME (23,000 HE)
DHTFI)— L EBEIBHRDBERRICODVTHEN LIz, hF A TIE, #0fE - 5EHOME
BLUAK - BEOKESHISBESZEOELIELEZEDSIREL SN, £ MEREETIL
BEOTREES LUYMEREOEM (Inherent toxicity) NEELIN TS, Tz, XEIE
t2ME7ERA A b - EHEEE (ChAMP: Chemical Assessment and Management
Program) @ T® HPV &L UVERM 25000 Ry KU LAELTWShEEELENE
(MPV : Moderate production volume chemical) [ZXd SEXIFRFTHEEHEL-. &F
t=. REACH OFMEIVICEEERENMEVEZ A oM D LENED I A FABHSIK TS,

OECD E#BI% HPV s 7045 S LARNTOEXIELT FHELEBERIBEZMENESL DY
B (REWE : set aside chemicals) #ED K S ICFHBET 20 LREDT US4 v ERR LT,

REMEERETI-HOEEL, BEEFTOHPVERIT OIS LTERASATNSLP
VFWZEEHHEHED, EPHETEASh TWAEEEZHERTHIENTREZAON

60
REMEOFECE. PEBEFOEECREEG ORBLEEDERITETHLEEADL
hd,

FEEYEIZOWLWTSIDSEEDERN TGS, (QSART FUr—S 3 v y—ILRvy I R
NF—B Xy v TEWTTIEHOY—ILELTHERATH D,
- SIDSHEBE TEAWLWA, BEIELZEHIELICERTII U FRS U b BIZEEKR
B E) IOV TIKEEAVETH D,
XEDWTHEMERZHKITS, BOMETHEASATLLIERXRZAVS RESNTE
KIBRIZDOWTIE., FOBRERMIZDOVWTOECDERBAERGTZBVTETRT S, LA
L.BOign 705 S LATREINWGEVWIERIC.ERXNBHS FORITERENES
- HEMAMBEVNEEZ ONEREMETH>TH. ETOI VKRS 2 MIOWTEEHEY
é{ri#ﬁ#@’iﬁtnt) B L%, BERIBHBRTEEME KICRET S, £, B0 T0o
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S LEHPVER TOFSLTOREEEORE(CODVTORER L EZRETINE
NHsmhELhily,

HPVE#H OIS LARATOFIEIZOVWTIE. ROZOBEZbNhD, ORBMEF-IE
BEMEHATFIV—I220TOXENR, SIAMTEEISNINELIBELLTBESL,
BE SN-XELJoint Meeting TREZB1-%. EEXELHICOECD&L Y RSN B,
QBREBMBEIIEEYEHATIV -2V TOXELZERET 2hYIc. BOEOHE
EFEFIPEL. L LFOREZFHE-LTWEIBREFOEERRET S, ==L, OECD
[CEDBEIBELREENMOEHENVETHY ., TOREELRT I ENARTHS. &
EXEIZOWTIE, OECDM L 2SS HH ., FLIEECHIBOARESETELLSIC
ERE

FESMNMENE SWABREMEOXEIL. OECDMBE. £, F-Eetnary—>
FLNAR Y —E LTIRETEENTES, REYEOXEERICBT SRR H—
Oy FZDWTHOECDDF— 2 R—RIZE Y BRASh,. TOISLAOBEHMELTHY
vhENDG, UL, HEHBICEZ7LOMBMFEXEDORYE L. REVEXEDREIZS
FTTREBEIND,
FREMEIZOVTHLWMEBNAAFE S, TOEEHICBRENRELSNEBESE. 7LD
VPEEXEL R T AODARUY—RRELL S, T, BIRWEEHEHNDS &
WI3HELERETH D,

SIAMIZOECDASR L1=F ™ RS A VIZIEEEE LI, RO & S5 HEENE iz,

ﬁ’:%’%%@%ﬁigiﬁlif?&%f; LOTHY . ZOREFRENERETHST S EATRET
Hb.

- BREIBROREZREZELE MERFZETHTTELOONINDAREEZRET RE
—G&éo
OECDDEFHAEIC L HBEIBMREERRT OLTICREShAIRETRHEL,

OECD EHRILERMEMFXRCOVTOXEEBEL, BET I LITH -z, BRKREE
(% 2009 £ 4 ADBTILEMELRY I+ —RETIZEFEEIND, =512, OECD EEREH
F4, KB, ECHBLUVERE EHITREBVEDOLER #5E 28 B SIAM IZHERMICIRE TEXL
WARET S 3 &I2ii o=,

6) SIAM & - SIAM #%® CDG ETOEEIZDOT

% 18 B SIAM TXE - BAX /ICCA MR LEE SN E H T T ') —: Short Chain Alkyl
Methacrylate (CAS : 97-63-2, 97-86-9, 97-88-1, 688-84-6) [T DU\TI&. EEEEIZ>NTH L
WMEBRAFEON-DTAEE SIAP A CDG LIZIRE SN EEN B LT3 18 A SIAM Tl
Ethyl methacrylate (CAS: 97-63-2).iso-Butyl methacrylate (CAS: 97-86-9) # & U n-Butyl
methacrylate (CAS: 97-88-1) (& LP. 2-Ethylhexyl methacrylate (CAS:688-84-6) [X FW &
BESNEAS, SECALOEEYNEDEKBREEDOTREINENC ENFLITHN 20T,
EATT—OREBEEZEFLP LRSIz, BIE SIAP 5 27 [@ SIAM TEE SNz SIAP
ERICRFENE LR 7+ —RITIRH SN D, ’

BEHhYIz

OECD @ HPV 5704 5 LTIE. 2005 &5 5 2010 F£ORIT 1,000 MBEDOFHEERZ B
CEFBELLTEY., 2006 N5 2008 £ 6 BETICIL, 386 MBIABEINT-, LMLE
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Um 624 8D 188 MBEIZDLTIF. ARUH—NRE-STHELT., 7075 LOPDERLEHNE
KEahTWd, $EO SIAM Tli, RFHEVEOEFEEDEL A DH-HIC. ERMFHE®
BEIEMSEY—IOFERTEOHLWGHEFZEADORARESICOVWTEESN, . XK
EHoHC # HPV & 705 S LICIRBETA3EHDT7 9 LS4 BB S, HPV S 7T05
S LAQEBIBFEINT,
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CAS LemEs A A — e
MEHTIY)— ERE | =
RiE
B

80-07-9 Sulfone, bis(p-chlorophenyl) SE/ICCA W FwW
108-46-3 1,3-Benzenediol JP/ICCA LP LP
MEHT 31— | Nickels and nickel compounds
3333-67-3 Nickel carbonate
7440-02-0 Nickel
7718-54-9 Nickel chloride DK:eu W
7786-81-4 Nickel sulfate
12122-15-5 2:3 basic carbonate
12607-70-4 1:2 basic carbonate
13138-45-9 Nickel nitrate
109-60-4 Propyl acetate US/ICCA N/A N/A
657-84-1 Sodium p-toluenesulfonate JP LP LP
1309-64-4 '
12412-52-1 Antimony (III) oxide (Sb203) SEeu FW LP
1317-98-2
10361-37-2 Barium chloride KO LP LP
MEHT T — | Acid Chloride Category
760-67-8 Hexanoyl chloride, 2-ethyl-
764-85-2 Nonanoyl chloride US/IICCA N/A N/A
3282-30-2 Propanoyl chloride, 2,2-dimethyl-
40292-82-8 Neodecanoyl chloride
MEH 73— | Linear alkylbenzene alkylate bottoms US/ICCA | N/A N/A
68515-39-9 Benzene, mono-C12-14-alkyl derivs., fractionation

bottoms
68515-34-4 Benzene, ‘rnono-012-14-alkyl derivs., fractionation

bottoms, light ends
68855-24-3 Benzene, C14-30-alkyl derivs.
84961-70-6 Ben.zene, mono-C10-13-alkyl  derivs., distn.

Residues

P ivs., fracti .

85117-415 Benzene, mono-C10-14-alkyl derivs., fractionation

bottoms .
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04094-03-6 | Benzene, mono-C10-13-alkyl derivs., fractionation

bottoms, heavy ends
199813-69-3 Benzene, .mono-C 10-13-alkyl derivs., fractionation

bottoms, light ends

Benzene, mono-C12-13-branched alkyl derivs.,
151911-58-9 e

fractionation bottoms
95-33-0 N-Cyclohexyl-2-benzothiazolsulfenamide JP+DE:eu | LP Fw
MEH T 31— | Ethyl silicates
78-10-4 Silicic acid, (H4Si04), tetraethyl ester

: Us/iCCA N/A N/A

11099-06-2 Silicic acid, ethyl ester
68412-37-3 Silicic acid (H4Si04), tetraethyl ester, hydrolyzed
MEH T3 1) — | Hydroperoxides
80-15-9 Hydroperoxide, 1-methyl-1-phenylethyl- US/ICCA N/A N/A
3425-61-4 Hydroperoxide, 1,1-dimethylpropyl-
MEHT 31— | Methyl mercaptons Category
74-93-1 Methanethiol US/ICCA N/A N/A
5188-07-8 Methanethiol, sodium salt
10039-54-0 Bis(hydroxylammonium) sulphate DE:eu LP FW
25167-70-8 Pentene, 2,4,4-trimethyl- DE:eu LP FW

FW = The substance is a candidate for further work. GEMOFAEMEEESALE)
LP = The substance is currently of low priority for further work. (BIRTIXEMEEZOLELL)
N/A=Not applicable (B)& M E S Shigh o1=) '
ICCA IFEMMLE T (B RERIC I 2EFERHEEZTY,

eu [FBHGES TOY R VFHEXE#RICLI-Z L EEBKT S,
g%k, DE:F4 Y, DKt Fo3—%, JP: BX, KO: BE., SE: Xozxz—Fv., US: XBTHS.
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Evaluation of norovirus removal performance

in a coagulation-ceramic microfiltration process

by using recombinant norovirus virus-like particles

N. Shirasaki, T. Matsushita, Y. Matsui, T. Urasaki, A. Oshiba and K. Ohno

ABSTRACT

Norovirus (NV) is a prototype strain of a group of human caliciviruses responsible for epidemic
outbreaks of acute gastroenteritis worldwide. Because of the lack of a cell culture system or
an animal model for this virus, studies on drinking water treatment such as separation and
disinfection processes are still hampered. in the present study, we investigated NV removal
performance as particles during a coagulation—ceramic microfiltration (MF) process by using
recombinant NV virus-fike particles (fNV-VLPs), which are morphologically and antigenically
similar to native NV. We also experimentally investigated the behaviors of two widely accepted
surrogates for pathogenic waterborne viruses, bacteriophages QB and MS2, for comparison
with the behavior of rNV-VLPs. More than 4-log removal was observed for rNV-VLPs with a
1.08 mg-Al/L dose of polyaluminium chioride in the coagulation—ceramic MF process. This high
removal ratio of INV-VLPs satisfies the U.S. Environmental Protection Agency requirement of
4-log removal or inactivation. In addition, the removal ratios of Qp and MS2 were approximatety
2-log and Hog; smaller than the ratio of rNV-VLPs. Accordingly, both bacteriophages have the
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potential to become appropriate surrogates for native NV in the coaguiation—ceramic MF

process, and, of the two, Qp is the more conservative surrogate.

Key words | coagulation—ceramic microfiltration, ELISA, norovirus, real-time RT-PCR,

virus-like particles

INTRODUCTION

Ceramic microfiltration (MF) membranes have attracted
attention in the field of drinking water treatment because
they can withstand extreme acidity and alkalinity and
higher operating pressures than polymeric or other
inorganic membranes. These properties of ceramic mem-
branes allow the use of strong acids and bases for chemical
cleaning, application of high pressure for hydraulic back-
washing, and operation at a high filtration flux. However,
ceramic MF membranes alone cannot remove pathogenic
waterborne viruses efficiently, because the membrane pore
sizes are not small enough to remove viruses. To compen-
sate for this disadvantage, a coagulation process has
sometimes been used as a pretreatment before ceramic
doi: 102166/wsL2010.125

MFE. In fact, coagulation-ceramic MF systems have already
been applied to the treatment of drinking water in Japan,
and our research group has showed these systems to be useful
for virus removal by using the bacteriophages QB and MS2
as surrogates for pathogenic waterborne viruses (Matsui
et al. 2003; Matsushita ef al. 2005; Shirasaki ef al. 2009a,b).
Among the pathogenic waterborne viruses, norovirus
(NV; formerly known as small round structural virus
and Norwalk-like virus) is one of most important human
pathogens, causing epidemic and acute gastroenteritis
worldwide. Although it has been 30 years since NV was
first identified, studies of this virus, including experiments in
the field of drinking water treatment, are still hampered by
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the lack of a cell culture system or an animal model (Zheng
et al. 2006). Accordingly, the removal performance of NV
in the drinking water treatment process has not been
investigated fully. In recent years, expression of the NV
genome in a baculovirus expression system has resulted in
the production of recombinant NV virus-like particles
(rNV-VLPs) (Jiang et al. 1992) that are morphologically
and antigenically similar to native NV (White et al. 1996).
In the present study, we used rNV-VLPs to investigate the
removal performance of NV in a coagulation-ceramic MF
process. We also experimentally investigated the behaviors
of the bacteriophages QB and MS2 for comparison with the
behavior of rNV-VLPs, and evaluated their suitability as
surrogates for NV. This study represents the first attempt to
apply rINV-VLPs to the evaluation of the removal perform-
ance of NV in a drinking water treatment process.

MATERIALS AND METHODS
Source water, coagulant, and MF membranes

Water was sampled from the Toyohira River (Sapporo,
Japan; water quality shown in Table 1) on 12 June 2008.
Two commercial aluminium coagulants, polyaluminium
chloride (PACI 250A; 10.5% ALOs, relative density 1.2 at
20°C; Taki Chemical Co., Ltd., Hyogo, Japan) and alum
(8.1% Al,Os, relative density 1.3 at 20°C; Taki Chemical
Co., Ltd.), were used for the coagulation process. A flat type
of ceramic MF membrane (nominal pore size 0.1pm,
effective filtration area 0.0007 m? NGXK Insulators, Ltd.,
Nagoya, Japan), which was installed in an acrylic-resin
casing, was used..

Preparation of rNV-VLPs

Subgenomic ¢cDNA fragments of NV (AB042808, Gl/4,
Chibad407/1987/JP) genome were artificially synthesized.

Table 1 | Water quality of the Toyohira River

pH 7.2
DOC (mg/L) 0.76
0D260 (cm) 0.019
Turbidity (NTU) 0.63
Alkalinity (mg-CaCOs/L) 17.2

The fragments contained the entire second and third open
reading frames of the NV genome. The c¢cDNA was
subcloned into a baculovirus transfer vector, and then the
transfer vector was transfected into silkworm cells. The
expressed rNV-VLPs were separated from the cell lysate by
centrifugation and dialysis.

Quantification of rNV-VLPs

rNV-VLPs were detected by using a commercially available
enzyme-linked immunosorbent assay (ELISA) kit (NV-AD
(1), Denka Seiken Co., Ltd., Tokyo, Japan). The assay was
performed according to the manufacturer’s instructions.
Optical densities at 450nm and 630nm in a 96-well
microplate were measured with a microplate reader
(MTP-300, Corona Electric Co., Ltd, Ibaraki, Japan).
The rNV-VLP concentration detection limit with the
ELISA kit was approximately 10® VLPs/mL.

Preparation of bacteriophages

E-specific RNA bacteriophages Q8 (NBRC 20012) and MS2
(NBRC 102619) were obtained from the NITE Biological
Research Center (NBRC, Chiba, Japan). The bacteriophages
QB and MS2 are widely used as surrogates for pathogenic
waterborne viruses because of their morphological simi-
larities to hepatitis A viruses and polioviruses, which are
important viruses to remove during drinking water treat-
ment. The genomes of these two bacteriophages each
contain a single molecule of linear, positive-sense, single-
stranded RNA, which is encapsulated in an icosahedral
protein capsid with a diameter of 24-26nm. Each
bacteriophage was propagated for 22-24h at 37°C in
Escherichia coli (NBRC 13965) obtained from NBRC. The
bacteriophage culture solution was centrifuged (2,000 x g,
10min) and then passed through a membrane filter (pore
size 0.45 um, hydrophilic cellulose acetate; Dismic-25cs,
Toyo Roshi Kaisha, Ltd., Tokyo, Japan). The filtrate was
purified by using a cehtrifugal filter device (molecular
weight cutoff 100,000, regenerated cellulose; Amicon
Ultra-15, Millipore Corp., Billerica, MA, USA) to prepare
the bacteriophage stock solution.
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Quantification of bacteriophages

Viral RNA of the bacteriophages was quantified by real-
time RT-PCR. Viral RNA was extracted from 200 uL of
sample with a QIAamp MinElute Virus Spin Kit (Qiagen
K. K, Tokyo, Japan) to obtain a final volume of 20 uL. The
extracted RNA solution was added to a High Capacity
cDNA Reverse Transcription Kit with RNase Inhibitor
(Applied Biosystems Japan Ltd., Tokyo, Japan) for the RT
reaction, which was conducted at 25°C for 10 min, 37°C for
120 min, and 85°C for 55, followed by cooling to 4°C in the
thermal cycler (Thermal Cycler Dice Model TP600, Takara
Bio Inc., Shiga, Japan). The c¢cDNA solution was then
amplified by a TagMan Universal PCR Master Mix with
UNG (Applied Biosystems Japan Ltd.), 400nM of each
primer (HQ-SEQ grade, Takara Bio Inc.), and 250nM of
TagMan probe (Applied Biosystems Japan Ltd.). The
oligonucleotide sequences of the primers and the probes
are shown in Table 2. Amplification was conducted at 50°C
for 2 min, 95°C for 10 min, and then 40 cycles of 95°C for
15s and 60°C for 1min in an Applied Biosystems 7300
Real-Time PCR System (Applied Biosystems Japan Ltd.).

The standard curve for the real-time RT-PCR method
was based on the relationship between the infectious
bacteriophage concentration of a freshly prepared stock
solution measured by the plaque forming unit (PFU)
method (Adams 1959) and the number of cycles of PCR
amplification.

Coagulation~ceramic MF process

Batch coagulation experiments were conducted with
400mL of river water in glass beakers at 20°C. rNV-VLDPs,
QB, and MS2 were simultancously added to the
beakers at approximately 10 VLPs/mL and 10% PFU/mL,

respectively, and mixed with an impeller stirrer. PACI or
alum was injected into the water as the coagulant at a dose
of 0.54 or 1.08mg-Al/L. The pH of the water was
immediately adjusted to, and maintained at, 6.8 using HCl
or NaOH. The water was stirred rapidly for 2min
(G=200s"") and then slowly for 28 min (G =20s71).
The water was then left at rest for 20min to allow the
generated aluminium floc particles to settle. The supernatant
was fed through a ceramic MF membrane by a peristaltic
pump at 83 L/(m*h). The raw water (C,; before coagulant
dosing) and the MF permeate (C; after 15, 30, 60, 90, and
120 min of filtration) was collected for quantification of
the INV-VLPs, QB, and MS2.

Electron microscopy

rNV-VLPs were observed with an electron microscope.
Ten microlitres of rNV-VLP stock solution was put on a
400-mesh copper grid with a collodion membrane (Nissin

- EM Corp., Tokyo, Japan) and adsorbed to the grid for

1min. Excess solution on the grid was drained from the
side of the grid with filter paper, and rNV-VLPs were
negatively stained with 10uL of 2% phosphotungstic
acid (pH 5.5) for 45s. After the excess stain was drained
off, the grid was examined with a transmission electron
microscope (TEM, H-7650, Hitachi High-Technologies
Corp., Tokyo, Japan). Particle diameter of rINV-VLPs
was expressed as the mean and standard deviation of any
10 particles on the electron micrograph.

RESULTS AND DISCUSSION
Characteristics of the rNV-VLPs produced

Figure 1 shows an electron micrograph of rNV-VLPs. The
presence of particles was confirmed on the electron

Table 2 | Oligonucleotide sequences of the primers and the probes used i real time RT-PCR quantification of QB and MS2

viruses olig leotide seq Paositions References

QB Forward primer 5-TCA AGC CGT GAT AGT CGT TCC TC-3 49-71 Katayama ef al. (2002)
Reverse primer 5'-AAT CGT TGG CAA TGG AAA GTG C-3' 187-208
TagMan probe‘ 5'-CGA GCC GCG AAC ACA AGA ATT GA-3 147-169

MS2 Forward primer 5-GTC GCG GTA ATT GGC GC-3 632-648 O’Connell ef al. (2006)
Reverse primer 5'-GGC CAC GTG TIT TGA TCG A-3 690-708
TaqMan probe 5-AGG CGC TCC GCT ACC TTG CCC T-3' 650-671
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Figure 1 I Negatively stained electron micrograph of rNV-VLPs. Scale bar, 50nm.

micrograph, and rINV capsid proteins spontaneously self-
assembled into VLPs during expression. The rNV-VLP
particle diameter was 35.7 = 3.2 nm, measured by randomly
choosing 10 particles on the electron micrograph. This
value roughly corresponds to the particle diameter
(approximately 38nm) previously reported for native NV
(Someya ef al. 2000). This result suggests that rNV-VLPs
were successfully produced by the baculovirus-sitkworm
expression system, and were morphologically similar to
native NV, -

Removal performance in the coagulation-ceramic
MF process with PACI '

Figure 2 shows the change in the removal ratio (log[Co/C])
of rTNV-VLPs, Qp, and MS2 with filtration time in the
coagulation~ceramic MF process with PACL Because
the diameters of rNV-VLPs (35.7 + 3.2nm), QB, and MS2
(24-26nm) are smaller than the nominal pore size of the
ceramic MF membrane (0.1 pm), no removal {<0.2-log) of
rNV-VLPs or either bacteriophage was observed without
coagulation pretreatment (data not shown). In contrast,
the coagulation-ceramic MF process effectively removed
rNV-VLPs, QB, and MS2 at PACI doses of 0.54 (Figure 2a)
and 1.08 mg-Al/L (Figure 2b). In addition, an effect of the
coagulant dose (0.54 mg-Al/L vs. 1.08 mg-Al/L) on the
removal of rNV-VLPs and both bacteriophages was
observed: the filtration time-averaged removals of rNV-
VLPs, QpB, and MS2 were only 1.6-log, 0.5-log, and 0.9-log,
respectively, at the coagulant dose of 0.54 mg-Al/L, whereas
with the dose of 1.08 mg-Al/L, the removals were > 2.9-
log, 2.4-log, and 3.3-log for rNV-VLPs, QB, and MS2,
respectively. This dose effect was most likely due to an
increase in floc size with the increased coagulant dose.
Increasing the coagulant dose from 0.54 to 1.08 mg-Al/L
increased the.size of the aluminium floc particles with
adsorbed/entrapped rNV-VLPs or bacteriophages, and
subsequently increased the amount of aluminium floc
particles that settled out from the suspension during the

1.08 mg-Al/L

i i i
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Figure 2 l rNV-VIPS, QB and MS2 removal by a coagulation-ceramic MF process with PACI coagulant at doses of (@) 0.54mg-AlL and (b) 1.08mg-AV/L. Circles, riangles, and
diamonds represent rNV-VLPs, Qp and MS2, respectively. The arrows indicate values greater than those that could be estimated accurately by ELISA.



2031 N. Shirasaki et al. f Evaluation of norovirus removal

Water Science & Technology—wsT | 618 | 2010

settling process. Consequently, the amount of aluminium
floc particles that passed through a ceramic MF membrane
was decreased, leading to a difference in the removal
ratios of the rNV-VLPs and the two bacteriophages
between PACI doses of 0.54 and 1.08 mg-Al/L.

The removal ratios of rNV-VLPs, QB, and MS2
gradually increased with filtration time at the PACI dose
of 0.54mg-Al/L. Ultimately, 2.0-log, 1.0-log, and 1.7-log
removals were obtained for rNV-VLPs, QB, and MS2,
respectively, at the end of the 2-h filtration. As described
above, because the size and amount of aluminium floc
particles that settled out from suspension were probably
smaller with a PACI dose of 0.54 mg-Al/L than with one of
1.08 mg-Al/L, many of the aluminium floc particles were
fed into the ceramic MF membrane and accumulated
on the membrane surface as a cake layer during the
MF process. This cake layer would act as a barrier to
rNV-VLPs and both bacteriophages, causing the removal
ratios of INV-VLPs, QB, and MS2 to gradually increase
with the growth of the cake layer at the PACI dose of
0.54 mg-Al/L.

In contrast, the removal ratios of rNV-VLPs, QB, and
MS2 gradually decreased with filtration time at the PACI
dose of 1.08 mg-Al/L. Our research group has demonstrated
that the number of virus particles in the MF compartment
increases with filtration time in the coagulation-ceramic
MF systemn (Shirasaki ef al. 2007). Although the experimen-
tal procedures of the present study and our previous study
(Shirasaki et al. 2007) differed in terms of the coagulation
process (batch coagulation vs. in-line coagulation), rNV-
VLPs and both bacteriophages also probably accumulated
in the MF compartment with filtration time in the present
study. Accordingly, the concentrations of tNV-VLPs, QB,
and MS2 in the MF permeate increased with the accumu-
lation of rNV-VLPs and both bacteriophages in the MF
compartment. In addition, because many of the aluminium
floc particles had settled out from suspension during
the settling process prior to the MF process with the
1.08 mg-Al/L PACI dose, the effect of the cake layer was

probably smaller than with the 0.54 mg-Al/L PACI dose.-

The combination of these two phenomena caused the
leakage of the rNV-VLPs and the two bacteriophages into
the MF permeate, decreasing their removal ratios with
filtration time.

The removal performance for rNV-VLPs, QB, and MS2
with the 1.08 mg-Al/L PACI dose at the end of the filtration
(2h) was still higher than that with the 0.54 mg-Al/L
PACI dose, although the removal ratios decreased with
filtration time as described above. Therefore, a PACI dose
of 1.08mg-Al/L. was more effective for the removal of
rNV-VLPs and both bacteriophages than the dose of
0.54 mg-Al/L in the coagulation-ceramic MF process.

Removal performance in the coagulation-ceramic MF
process with alum

Figure 3 shows the change in the removal ratio of
rNV-VLPs, QB, and MS2 with filtration time in the
coagulation-ceramic MF process with alum. The coagu-
lation-ceramic MF process effectively removed rNV-VLPs,
QB, and MS2 at alum doses of 0.54 (Figure 3a) and
1.08 mg-Al/L (Figure 3b). In addition, an effect of the
coagulant dose (0.54mg-Al/L vs. 1.08 mg-Al/L) on the
removal of INV-VLPs and of both bacteriophages was also
observed with alum: the filtration time-averaged removals
of INV-VLPs, QB, and MS2 were only 1.9-log, 0.9-log, and
2.3-log, respectively, at the 0.54 mg-Al/L coagulant dose,
whereas the 1.08mg-Al/L. dose achieved time-averaged
removals of > 3.1-log, 1.3-log, and 3.1-log for rNV-VLPs,
QB, and MS2, respectively.

The removal ratios of rNV-VLPs, QB, and MS2
gradually increased with filtration time at the 0.54mg-
Al/L alum dose, probably owing to the aluminium floc
particles accumulating on the membrane surface as a cake
layer during the MF process. Ultimately, removals of
2.3-log, 1.0-log, and 2.7-log were obtained for rNV-VLPs,
QB, and MS2, respectively, at the end of the 2-h filtration.
In contrast, the removal ratios of INV-VLPs, QB, and MS2
gradually decreased with filtration time at the 1.08 mg-Al/L
alum dose, for the same reason as in the PACI experiment,
described above.

The removal performance for INV-VLPs, Qg, and MS2
with the 1.08 mg-Al/L alum dose at the end of the filtration
(2h) was also higher than that with the 0.54 mg-Al/L alum
dose, as in the PACI experiments. Accordingly, the alum
dose of 1.08 mg-Al/L was more effective for removal of
rNV-VLPs and both bacteriophages than the 0.54 mg-Al/L
alum dose in the coagulation —ceramic MF process.



