TABLE 1. UV (254 nm) resistance parameters of
B. subtilis and B, anthracis spores

Sirain LD%, D vaiixc Reference
{(Hm~) {Jr) oOr sourpe
B, subtilis ATCC 6633 260 120 5
245 130 This study
B. subtilis WNG24 245 130 This study
B. anthracis Sterne 810 540 Vi
275 140 This study

JiaF o i B

Bl OWYE Tld. B. anthracis Sterne % 3~4 HH], MFEREH TREI T, BHE
OEE/KRT2EPEH L. TN 5 & MANE (60C. 304r) ULTHBL TWE,

Rald, TOHKITED B anthracis Sterne DI F AT 2 L&, RTFEENALIE
LidEEZshnwZ &Itk DWWk, Fig.2 KRTLII1C,. BN LBERPIZHEET DK
FOMBNRTFERZET., BREINZVSDONDOBRTFIZETNENREIRSL A0
Bz 8 5 R L T,

FIGE & Mismsiopie appearince of 8 awdlincs Sterme e profuredd By tie medfusd dessobt e sdfenees FIAT sl L3 {uzed o i stucy)
(B The imugey are of st mouets prpored i water sad phalograpbed »ith phase coatrast optics. Originnl rogniticatioe, LKL Sevesal
represgniatiar fivkds aue poeussted] B cock panel
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UV dosimetry (UV HREHREZHSH
BT, BBWERETO UV #
BIEHRD UV A —% —TIEMICHE X
NTWEN, BFERZLBVWHIIIZX
LHy—=)TF 4 U HBREBEEBE ST
L5 UVIRIN®, E3BBEROESIC
KORIEM ETm> T,

N5 O— ke EAE, &Rk, UV
Cale. ZPBHFE L 7= James Bolton
2k o TRB

INTWD,
Fig3 i CZDEBROIERERT,
ORI, BEYTEHBEICZELS
UV KR UV ICH T 5+ O % 8
RKIZFMI A EE2BHRLTWS,

S78¢

Agastal oy 22 s

0 200 400 600 800 10600

UVdose(J/mz)

FI1G. 3. Bffect of turbidity of, and absorbance of UV by, bufler on
the apparent UV resistance of B, anthracis Sterne spores. Spores were
prepured and irradiated as described previously {7) and in the text.
Survival curves were plotted based on dosimetry calculated by using
UVCale with no correction (circles) or with correction for the 4,4, of
the buffer used (triangles) or for the Ay, values of both the buffer and
the cell suspension (squares). For comparison, a heavy dushed line
represents the UV inactivation curve of spores of B. subrifis ATCC
6633, as determined by Hoyer (8).
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BERUVHES > 7IZ& 5 Cryptosporidium parvum O FRIELECEHEEEICDOWT
Inactivation and potential repair of Cryptosporidium parvum following low-and
medium-pressure ultraviolet irradiation
J.L.Zimmer 5

wmH

AW EVL. Cryptosporidium parvum DKL R RHFITE S > 7 (1~3md/em2)iZ & 5 RiE1L
MOBEERIZODWTHREZB Ik, UEBENY 7 7 IZ8E S § 7 Cryptosporidium
parvum V2. BN BBF E2 . XROF A5G — IV TH ol A—T A MOBEHKIL, 5C
HLLII25CTUVIRE®H, 12 0 W, HEM, WEHTH® LU=, Cryptosporidium
parvum DEGMET. HCT-8 2 AW/ Mg B EE R OPIREakicL o, Lz,
KE., FET > TEHIT, HREEFTOREIER S Nsh o7z,

HiO

RO B, Cparvam O SEN R & 5 X EE K OREFEEICDWT HCT-8 # e
BEBRPEEERANT, FMITHIE2% 1 OHEELELTWS, £/, AR TOKECS,
25C)TCOEEMEELAFARLZEDAFIZCENV TN S,

Ed hi
LRk

N F AT =IO E— A% E(Calgon Carbon th)E HWT., CParvum +—3 A b
WHENARBR 2B ok, KES > TA2W), FET > TOkW) DR A7 KB T >
TREBIIZIMOMAT o TS, idBid. X/ XF v 7 A5 =5 =0 THBEBEBL, ¥
WRZDORESHESHMWT, 93cm® PVCOF o —JICREL =,

SARERNE

AR R, NIST IZX DKIE L = 4 & (International Light, Model IL. SED240UV
MHZR 8. Newburyport MAIZ L D HIE U7z, A EEL. CHIREHRE S BN RO
BICXDBER LA, £/, PEZ > TORRHEIL. Bukhari,Zimmer,Slawson & D i
IZ& % FiE % W, Bolton Phtosciences(Ayr,Canada) DY 7 hE2HWEHLE, 2DV
T T, RFPUIMATORNEO ST, BN TOEMNEOWE, B RE TOKE.
BEROHREENOMIE(QR260nm & 1 &9 2)E42EEL Twb, Tablel IRT LD, #l
EZTTD T ET, BABREITH 26% D L TWAN, FRkMWiCiE, MiiEE2BI ko7&
THEMMNPIbhsbDEEbN%,
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Table 1
Inactivation of C. parvum oocysts following LP and MP UV irradiation

UV lamp source Unweighted UV Weighted UV dose Number of trials Average log

dose (mJ/cm?) (ml/em?) reduction (+std dev)
LP 1 N/A® 4 1.5 (+0.3)

3 N/A 4 23.2 (£0.5)
MP 13 1 6 =3.3 (+0.6)

4 3 3 >3.6 (+0.7)

“Not applicable, low-pressure UV doses are not weighted.

C.Parvum F—3 X b

Sterling #F 4 A& WA W95 %= (Tuscon,AZ)D C.Parvum W, B EEH L=, +—3
A Ml Towa ¥k (Harley Moon Isolate)iZ ik 4 Uit o#EE 0N L., Fdigh s g W5
BBk DR EB o7,

G B

C.Parvum ORI #EGE T, BB EBERE. &5 EEREOREMRE L <12
HCT-8 Mg (CCL-244,ATCC,Manassas,VA) & HH /=, 2356 DML, Slitko 5 DRTH
BT, MR U, 34 HIBICHARE R L 2, A — 2 A P OB 2FMT 5821, HCT-8
WML 2 AV, ML, Slifko B O A EICHEV, 50mM ® 7)) 00— XM, 35.0 1 g/mL
DY AINEE, 1.0pg/ml D¥ER., 4.0ugml 73/ ZEEFH. 2.0ug/mL O/)N >
NTF BN NISTHER LU (2 TOESE, Sigma-Aldrich Canada Ltd. , Oakville ,
ON ZfEM L TW3),

MR EELEEZB IROSEHIZE. 8 XKADA 51 RLab-Tek . Nalge Nunc
International,Naperville, II)IZENENHK 2.5 X 105{E D HCT-8 fMilg 2 ML 7=, Z O
foz 37C DG T CO2 5 & 25 (CO2 Water jacketed Incubator,Series 2 ,Forma Scientific)
WNIZT 5%~60-T0%TH&EL /.

C.Parvum QBB EL, focus detection method FDM)EEZHWTH /o, ZDKH
FEOWMEBEEITHOEBDTH S, MIRELOMIT, F— 2 2 MIEAJIC THRE O AT
Zirwn, HEZREES TS, WEHT 10 205 104 B ICEMBNICHERL., BEBEAF 2 —
TN DM R I L Jz. AT 500 L DREHEAZIT . 1 DOF— T A B
BEIZDE, 4 DORKTHRBKORBRZIT o, WERKEFKROSHITTHINE 2 ERG
BRiTid, 48 RO/ 2o /e, HERIE, Wi, EF. RAEZHMIORTEBOERL
Too BeAIFIZE, CParvum OEMIEREICRER, 7V L1 2P (Sporo-Glo
Waterborne Inc., A600-FL,New Orleans, LA)Z Ml U7z, C. Parvum O RBGME Z23FMd 5
BRIZIE, £ TO/RIZDW T, 400 % O HOE M B (Zeiss,Axioskop 2 ,Germany, i 7 «
W& —HEENCTHREL 2. MIRBEBNIZ C Parvum OHRFMENEEINZEE . Mok E
BATEICBWTHEEOHE 2175, &ROBHEOA— 2 X % MPN % MPN I >
Ea—4—707o 5&RNT, e BEEE 2 (MPN/mDIZ TEEMm L 7.

AP T, BRAERBRITOBRIC, sl O OLEEGELEE2E 2 EICXD, F—
PALDOORERMASEDLLD, —8, MBABEOBIERZITo ., BEHAEEEEEDOED
DTHD. 10%DFEHRFZE 1140 DEAETH— A FOBBIROFTML . 10 2 4CI2T
WRELE, 10 7%, EAAOFREEHMWE L T, Bz 1:10 o8& TRIL L, 5%
W, TLOHEEENFERFOREAE L NIV ZFFHT 5 2 &R,
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C.Parvum ~ D SRR E FELROFHE

C.Parvum #F — 3 A hMid, BE#. k& &%k (Petroff-Hausser Counter, Hausser
Sceintific, Horsham ,PAIZ THIE ZITS5 /=12, 0.01M @ PBS A#IZ T 106~107/mL I
TIRU 7z, adBHE B # L, 5mL % 50mm @ X b U ll(Courtesy Med/Tek,Buffalo Grove,IL)
WHRmMUZE. BEHEHIZ, A=A MORERO —H2EI L. #MEEEZITW., O SR
REHZREL .

REVIMOFEZWORE, BZ2BBLENS, BEHELLBPES > TORKENZTo
foo KIET > 7 TiE, 1. 3md/em? OSSN HEBEZRHE L, WES > T TR, MIEICXDH
E#E 1. 3md/em2 DN BEEZRKNL &,

BNBMBRHEZET I, o222 EINL . HERREOPRIZWN., FE2 L., XL &,
WME#%OY > TIo—HE2 R, MEEL. BARBREZOBREENZEL .

15 e

RN BRBHBEOY > TINE-REINE, BOO&EARE 2 DOTSAFv I/ XM
(Phoenix Biomedical Products Inc.,Missisauga, ON)IZZ B L7, TNE5 O8> )%
15W @ %% X 4T (Agro-Lite,46¢m,Philipa-lighting Co., Somerset,NT) % 3% fif U 7= 1% 3% 28
(Innova 4230,Refrigerated Incubator Shaker,New Brunswick Scientific)NIZ T, W FiR
BRUBLBNRERELE. Y7 INVORBTONBEITH 16,900Lux & &F Ml X 1174 (Light
Meter model LI-189 with Quantum Sensor,LI-COR Bioscience,Lincoln,NE), H > 7L i
3DDENERODTTENETI > TE2DDOEMNEDT Y TORKNET 2/, REDY >
T, EEEMHREEENS D, HICREL., O A, HEEEHEEZARD ZOHE
ELz. Y 270d, —BUBRARCTREMOE&GRETH S 5 BRIV 25 EITTH
‘L, WBEBOY T2 BREICT 120 FFEZBICIOH L., BREHZ2HNEL 2,

E#E O o—)b

JmEREE B T 5 KIBHEATCC 11229, Manassas,VA)Z 1> ha—J)L L THWE, &
DO O— )V ERIIHRENBE L TH > 72, LOX MY MG HNEEEEITASE
FoXzeEZEBLhz2R{ARNEDIZHWE, E.Colild., C.Parvum EFRIORMUMB X
O PBS BRI TR I ¥ 2. BE.Coli OMmMIL. 10mdI/cm2 DN FRICREBE L. £k,
BOCITIZU T MEBRENE L 50 28 L /2. Standard Plate Count {%£% VT E.Coli
BaiEBL .

R

O ho—)VEBRE.Coli ATCC 11299 Tld. 1% L <3 2l o8 4T TId S E118 13 re
BENTeMmo N, 3D 15W OHOLIT Z RN L2dE. KEIESHERINL. Fig.1 12
E.ColilfATCC 11299)® 2 5 °C., {KE T > 7T 10md/cm? O &7 FR I8 B £ o Ot [E115 BE O #% 65
ZFAERLTND.25CIZBITHHEHEITHEICITHRNZ IO ETICHSLERDTH D,
240 NI EmAKDHEEZ RS, 5CIIBTBEEEITHIAITHEE 120 0 BICHS N
ElaoTz, Ecoli DBERIEIX., Ronihoiz,

Tablel 3. 1 AL <id 3md/em2 DIKE/FES > TICL B L RFEREZRL TWB,
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KIES > 7 OEHE(AmI/em2) A5 TIE, 3.2log O RIELNATEETdH > 7=,
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Fig. 1. E. coli (ATCC 11229) control for photoreactivation
conditions following exposure to LP UV at 10mJ/cm?. Error
bars represent standard deviations of three replicate experi-
ments.

Table2 12, (KET > 7IREKS ImJ/em2 A BBHRAEL <&, PET TR E DM IEZT
D E Imd/em2 DN RBHE, 25CKUPS5CIR BB HEHE O EHEEREZRL,
MO BRE 2REHBL., TOMEFESHLLTNDE, REXDIDB DI, KA RME
WERTH, RELAREZ—EEZELE, DTOICLERETIHEMICH D, Kl /MRt h
WT, 120 BFRLIN T, BIEESKNELC TRV X005,

Table3 13, 3md/em2 DEXERNHIET > T TORMEMRZON /HERIEMHEERL T
W3, 2TOEMETRIEIE 3log 2/ L THO, LM/ EREITBWT, 120 FFHE LA
NTIE, BIEREENECTOWRNIENSN D,

Table 2
Effect of light and dark incubation on infectivity of oocysts over time following LP and MP UV irradiation at 1 m¥/cm?

Lamp source Time (h) Log reduction (+std dev)
Incubation at 25°C Incubation at 5°C
Light Dark Light Dark
LP 0 1.5 (0.4) 1.5 (0.4) 1.5 (0.4) 1.5 (0.49)
24 2.0 (0.7) 1.8 (0.7) 1.9 (0.1) 1.9 (0.1)
72 2.5 (0.4) 1.7 (1.1) 1.9 (0.1) 1.7 (0.2)
120 2.1 2.4% 2.2 (0.2) 1.8 (0.3)
Mp* 0 =3.0(0.3) =3.0 (0.3) 3.8 (0.9) 3.8 (0.9)
24 2.8 (0.0) =3.2 (0.0) 3.8 (0.9 3.4 (0.9)
72 3.2 (0.0) 3.0 (0.3) >3.6 (1.2) >3.6 (0.6)
120 >3.2 (0.0) >3.2 (0.0) >3.8 (0.9) 3.6 (0.6)
2MP doses are weighted.
b Not averaged, replicate experiment did not include sample point.
Fable 3
Effect of light and dark incubation on infectivity of cocysts over time following LP and MP UV irradiation at 3 mJ/cm?
Lamp source Time (h) Log reduction (Zstd dev)
Incubation at 25°C Incubation at 5°C
Light Dark Light Dark
LP o > 3.4 (0.8) > 3.4 (0.8) > 3.0 (0.0) >3.0 (0.0)
24 > 3.4 (0.8) > 3.4 (0.8) >3.0 (0.0) > 3.0 (0.0)
72 =3.4 (0.8) =3.4 (0.8) >3.0 (0.0 > 3.0 (0.0)
120 N/AY N/AP >3.0 (0.0) >3.0 (0.0)
MP? 0 > 3.2 (0.02) > 3.2 (0.02) >3.8 (0.9 > 3.8 (0.9)
24 > 3.2 (0.02) >3.2 (0.02) >3.8 (0.9 =>3.8 (0.9)
72 >3.2 (0.02) > 3.2 (0.02) >3.8 (0.9) >3.8 (0.9)

*MP doses are weighted.
®Samples not talken at 120 h.
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E

WHROHREBD, KERIZBWTH., CParvum [JIEEMEHERIC THMEIT S HE.
EMEBIZTAELEINS ZENMRINT, REENECBHREL IVITBWTIE., #il
HBHM, 10md/cmz L T OBMEBICTTHS MIAELLAME I N,

H@%\T‘f?%ﬁ“@bﬂ?é o, NHELEEOTFT—U CITREZTsNE, TORRIE. AU

HBITH0HEMENB N D TH LA EENEZ6NS, WROHRATIE, KET >

7&@%'4“}57 2T DHIATFEACHRINE N EDW|EN D 0 | Tablel ITRY & 5 ITEAMRE
(ImJ/em)IT BN THICHEZETH -2, TORKRE, FiE2T5HAI. EREZHWV
Tl ThdEEDLNS, FMEREIL, MEHREDL 4/3 % (Tablel 5/5!3\@)“(@@\ T
WA, DNAEGNRKEN D EBbib,

C.Parvum 3 {EES > T OB ON BESEITHWT L/ BREEIIEZE N, Shin
% Oguma. Morita. 5DOWEEEHT 5, :

HIES > TRRICE S CParvum OYEEEMEREICEL TIL, MERNEN > ZDREN, &
KBEHTTE, FIES > TORARBFICE D C Parvum OHEEIIRZT 5NN
7z.

STHKU2E5CIKBNWTH /HEIESEETHRE LR, BIENEEINLEN 2D
T.ORER, HERBICEZEELIWERDNS,

e

AL TIE, BEMERREAWT, CParvum WEE S > TRUOHMES > TOBENED
BEZMENENWI ERERIN,

HCT-8 fillg & H Wi R BIC L NE, KIE/PET T2 KN RE 1. 3md/emz T
MK L., BE5C. 25C T 5 HREIE. ﬁ'v’:/ HEE RS NN =,
AT BT ENBECL, 3md/em?) 1F. BKUHETHEHT S EABEEA6~>>40
md/em2) X DIENWD T, BREOH/KLUE TORMRUEICBNTHEBERDNEL 5 &1
FZZTL< W, BUZ, BABREBEEZRITHRIC. AEHKEZBICANDIHLEEZENDO
EEBEZOENS,
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WEHRPAA) » UV © Y 2 L BT Tk ORI L
Disinfection efficiency of peracetic acid, UV and ozone after enhanced primary treatment of municipal

wastewater
Ronald Gehr 5
LS

T2 MU A—V TR, S8 KON > ORRED O, MBYLERNT L S U K2
TNV, AWFEOHINE, ARG 5 % KIBE Td % Enterococci, MS-2 coliphage, Clostridium
perfringens(CP) & HEHEES & L7 PAA » UV » AV UIC K BIHEREN DFHETH - 7=,

PAA IR 6mg/L 28 Z =581, KIBE £ 9,000CFU/100mL KA RO L)V ETHET S I LN TE
% (3XCFU = Colony Forming Units) . Enterococci 12 DWW T HREROIERNE SNz, £z, CPITHBNT
e KB en oz, LnLENS, PAAREDN 1.5mg/L A 2531 MS-2 240D 1/10 &5 2
ZEMTE,

DORHKIL, < DAY EpEEL, £, HEWED UVIBRENLETH S Z LNTHEIN
b, TOEHELT, EREDOCOD - § - SS & UV IEDBHICK DU TE 506 TH S, ZHU,
LUFOMBEERRT 5, UV20mI/em® 126 UTRIGHEIE, 1,000CFU100mL CGEEHEANE Z 5720 e D
HIEE) LUTORERICHL, R 2 B —727Rd, THITHL, MS-2, CP IJEHRH
IR T B, CPIMEEROW T, mbMAMNS HEERTH 5, 4 BT U T, TR
ETEDANIANEH LR S ND, 3V 2k D, KIBHIE 30-50mg/L (B ED 17100 DE) FE TN
END, MS2EMWAMENL B, CPIZAME L DIAERS S,

4 FEOIREBORISOMEAL, HEICEID2BDTHD, 1 DOIREEICL S O TidAwEY)
THHD, HWHEETI OB EEINSERED, EENEGHTY, ERAEGICST 2R HBRTO
RPN pEEIND,

1. XU»I

T2 M UA VKOG, HALE SR EHEITB W TWED, Ty I MNOEEHE OIS
Z52V T, OHF EERS L TS,

FAKAVERIEN & ORI SMEE AR 9,000CFU/100mL LA FTH Y, UV IKKBHHEZEITDBAIEX
IGEONEEE2EEL, 1,000CFU/M00mL L F &R TW5D, LNLARNS, REMIZHT S5k 4 721
FBEOMAEZE THT B ks U TABEO X 5 7 EM M RIERNHEY TH 20 E DD &0 D REHTE
N5,

AT ED, (DPAA - UV » AV > O 3TEIC LB IHHETIEOHL QYA REG LN T 5222481, &
T ERROWNSHFIEDHH 211D,

2. HEHFROFER
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2.1 PAA

KEZEIZ BT D 3 DDOWEAEDOHR T, PAAILI—Tw /STIHEARN BERINTHED, JLKTIE
Fee s LW EE A TH 5.

22UV

UV BRIz BT, HENEFICED S RWEEEAETH S,

23 A

) AT D & U TR TH DA, FARUBIC BN TS EROMERDH D, Jh <M

ST,

3. W L3

3.1 EEO-HOME
MBI XN D YE % Table 11235075,

Table 1

Table 1 {HERNHBITHRD DT DT D DYIE

Materials for disinfection and analysis of disinfectants

Disinfectant

Reagent/apparatos

Source

Peracetic acid

uvy

Ozone

PAA (12% wiw)

Horseradish peroxidase (EC 1.11.1.7, RZ 1.1)
Catalase (BC 1.11.1.6)

ABTS (98%)

Dibasic sodium phosphate

Monobasic potassium phosphate

Sodiurn thiosulfate

Spectrophotometer

Low pressure mercury lamp collimator
Radiometer

OzoTitan™ ozone generator

Oxygen feed gas

Magnehelic® differential pressure gauge

Top-Trak digital gas flow meter

AFX™ model H1 high concentration UV-ozone analyser
Potassium iodide (ACS reagent)

Concentrated sulfuric acid

Starch indicator (1%)

Potassium indigo trisulfonate for indigo

Reagents { and 1!

Solvay Interox, Houston, TX
Sigma Chemical Co, St, Louis, MO
Sigma Chemical Co, St. Louis, MO
Sigrma Chemical Co, St. Louig, MQ
Fisher Scientific Co., Montreal, QC
Fisher Scientific Co., Montreal, QC
Fisher Scientific Co., Montreal, QC
Beckman DU-65

International Light, Newsburyport, MA

Hankin Ozone Systerns Lid., Scarborough, ON
MEGS Inc., Ville St. Laurent, QC

Dwyer Tnstruments, Ine., Michigan City, IN
Sierra Instruments Inc., Monterey, CA

IN USA, Inc¢., Needharn, MA

Fisher Scientific, Nepean, ON

Anachemia Canada Inc., Montreal, QC

Lab Chem Inc., Pittsburgh, PA

Sigma Chemical Co, St. Louis, MO

32 HEOT=H DN TR

321 PAA

FRES PAA VI ABTS D5 PV T4 OWSNEIZ L DRIE SN,

322 AV

AV UREROAY EREIGOE A UHEROFY VARG TRRFEE NS,
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| s aud -1 I UV-ozone
@Wm O analyzer

o S O

A

Ozone reactor botlle

Ty

Magnetic stirrer

Ozone trapping bottles

P = pressure gauge
F = flow meter

Fig. 1. Diagram of ozone contacting apparatus.
FE LAY > OWRLER, UV RHBRICER NS, ROR MU, RiEERAE S U TRILE

NG IND,
3.3 {HFEDO D OEBRTFIE

3.3.1PAA
PAA IR 1.5 mg/L, 3mg/lL, 4.5mglL, 6mg/l TERZTI,
3320V

253./7nm D TERZITD,
333 FV
AV YRR 046L 3L, 501015+ 30+ 45 A RS RS, (K1SHR)
3.4 TR
FEAE D TROHTIEESITIC L D, ERIF ORI Lasentic M100 F RT3 A T LR BTN
ZRWTHEN 5,
3.5 HIEIC k55047
Table2 12280 BB 2 AW TN &7 .

Table 2

Microbiciogical analytical procedures

Microorganisims Anatlytical procedures

Fecal coliforms Membrane filtration (Method 9222D, {34])

Enterococci Membrane filtration (Method 1600, {37}

Clostridium perfringens Membrane filtration and m-CP medium [36] incubated in BBL®GasPak (Fisher Co., Mt], QC) at
44.5°C for 18-24h )

MS-2 coliphage Single-agar layer procedure with E. coli F™ as host strain: Method 1602 (38}
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4. BiREBR
4.1 QUK ORHY
Figure. 2 [T X D JR K KE T —4 &R,

1,000

'y "'".2 @ |'fﬂ g Ny oy E "y oty ""“"" o
B P fg f f3 42 B OE ;p E OB g2 P G
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Fig. 2. Summary of effluent quality data.
RHAKET =4 2HThnd B0, ARHKERHEET ZOERS TR, FEETHEL
T COD(123-240mg/L), SS(16-45mg/L), W (16-31NTU), #(0.2-7.5mg/L), UV iZiBH(4.6-29.5)1%F 5
N3,

42 PAA I K DB
Figure. 3 IZ PAA % 1 RIS /7281055, BENRBEORNEELBERLTNVWS,

10,000,000 S TREG—— l
B 10,000 . < >
3 ™~
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8 e
g 160
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Fig. 3. Fecal coliform inactivation by PAA .
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T & o Tk 78 TAKKEN D B —T5, PAA DIHBIIRIGED 5%, Figure. 4 12 PAA & 1N
JESHTZHGITL D, IREGBEH PAA 2L TN D,

30

Barssresdinel

28

jon after 6¢

PAA dose {mpiL.)

Fig. 4. PAA residuals.

4 PAA TR
KIFEOBHEEL X)L % 9,000CFU/100mL LAT & U72356, Ak U 7 HIIREE 4.5-6.0mg/L TITo 235G
D2HM ®H21H, 9H12H) EJTH-o7.

Figure. 5 IZIBEER PAA 124K 5 MS-2 BB AR T,

100,000
=@~ 30-ALG
<\\\ - 12-Sep
10,000 \
\ [
2 1000 ~ —
& W
£
&
)
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i0
i T ¥ ¢ 3 v
4] 1 2 3 4 5 &

PAA dose {(mg/L)

Fig. 5. MS-2 inactivation by PAA.

MS-2 FREAENWIO D 1710 L7825 K D78 PAA JREENL 1.5-3.0mg/L TH D, PAA Z@iRE E L TH MS-2
DT RITZE L IR,
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43UV IZ XD IHHERNE
Figure. 612, UV R &IZHIT 2 KIGEEHEERT,
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Fig. 6. Fecal coliform inactivation by UV,

Figure, 6 1I2&% &, 20ml/em” £ TORVBNBIZBWTHRINT 5 Z E%hh 5,

Figure. 7 12 UV B RICBIT 5 CP DB R ERT,
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Figure. 7 12 &% & UV R BICHAIL T CP 3T 5, #DHD 110 &9 5121, 30ml/em® BA FsgE
TH5,

242



Figure. 8 IZ UV BN BIZ BT 5 CP OB AR

100,000
10,000
iy
'E .00 \
P
&
o
@ S
4 100
Bam ara 95% e, n = 10
10
1 s v ¥ v ¥
4] 40 20 30 40 &0 a0

UV fluence (mdlewm™)

Fig. 8. MS-2 coliphage inactivation by UV,

UV IBEHE 10m)/em? 4810 MS-2 SREDWID D 1/10 &725 2 EAhms,

4.4 TV K BHEEDR
Figure. 9 {TRERIRICHT 54 VIR RZ R T

SBample - 14-Mav

0.6 &
0.5 2
& Bac-Ozonation 0
- £ M82-Ozonation
5, 0.4
£ a %
@4
% 0.3 =
£ oo o <o
g [
3 0.2 &
0.1 Q
Feym
o &
o PRS- Edrpd ey . , . . .
O 5 10 18 20 25 30 35 40 45 50

Ozonation thime (rmbn)

Fig. 9. Development of ozone residuals.

Figure.10 O\ Figure. 11 124 VIBEEIC K SRR ECE RS KIGE & CP OB OB HEIZELE
2 TWNW5D,

243



0,000,000

Podat colforme (CFATO0 ml)

Choetridium serfringens (CFUMOE mL}

(b)

1,000,600

W0.000

16,800

1,80

10

10

ib\‘\ —— B-higwr

] m.,\ \MK e BN

M“x% ko L PRI

~ N .
w‘&“x‘“@‘,‘h -v;\@\
R L
s o i ‘~<~57m
g
4 10 0 a0 AQ 50 #a K
Tranatsrred opons (mgh.}

el o DR
40 dused BBt
Iy T
1 v
0 16 0 30 4 30 &0 0

Travnderred orene [rogih)
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Table. 3121, IGHE & G IZBIT 54 VR ERT,

Table 3
Ozone residual kinetics data and Ct
Date Test org.  Time to Slope afier first  Cr (mg-min/L) after L.og inactivation after

first appearance  appearance given contact time (min) given contact time (min)

of a residual {mg/l.min) ;

(tnin) 5-15 30 45 5 10 15 30 45
Nov.6 FC 21 0.0173 s 0.6 4.8 0 1 i 2 3
Nov.7 MS-2 20 0.0037 [ 0.2 1.3 1 NA NA  NA 3
Nov.8 FC 16 0.0157 — 1.6 7 1 2 2 2 3
Nov.9 MS-2 17 0.0103 e | 4.4 1 3 4 4 5
Nov. 14 FC 18 0.02 e 1.4 7.3 0.3 1.1 1.2 2.1 2.8
Nov. 1S MS.2 NA NA — NA NA 1.2 4.0 3.8 39 4.1

NA = not available.

F VIREE 1Tmg/L DEALTHID D 1/100 £75%,

5. WgLELY

PAA IZ K BWMBIEE > MU A=)V FAKBERITHE L Thisn, KIBEBEREL L2 9,000CFU/100mL
UFETDE, 6myl 2RI DMENBELIRD, RFHNTHD 1.52mg/l ZEATHY, @YETE
Z I8N,

A 2 OESRIBEL 30mg/L 28 TH D, HBHRBEEZEA TNWS,

DLW Ak E L, S5ITHUWARIBEERL X)L THh S 1,000CFU/100mL BA T Otlaliiz L
RN R T 7290 UV QRS &I 20mlem® TH D, Z OIRKRITHFANTH 5,
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NRABY PR —=IVICLD2HRERNARS > T XD RERBEDOKE
Effect of medium-pressure UV irradiation on bromate concentrations in drinking water, a
pilot-scale study
Sigrid Peldszus

B

ARG, RKBIKOHET > TICLBHRHICL D RFZMOEMRBICEL THEZEREL
2o 2FREDOKENSDKIZH LT 20 g/L DEFZEBZEZRML. T6L/D DN 0w bEER
LEITT, mA 718md/em2 DR ERF Uiz, R AHADKTIE., REBROWMDIIHMBIN
o e, EERE (696md/em2) DT OB DA DKTIE 19%F TORFEEOFRE
MR TN, TRERAKOEBKEDOEWT, HEREE (4 XU 0.1mgN.L) &. DOCH.1
KO 3.1mgC/L)TH - 7=,
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Ed Yk
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Fig. 2. Calgon Carbon Corporation Sentinel

AT TR EMOBNREOEEILIT > T, AEBEIL, Grand IIZ2FKET B
Mannheim Water Treat Plant, Kiechener(Ontarion,Canada)iZ &R E L 7=, AT, &
LTI LAEZRAWZRERBOBENICAY VA EANTWS, WEBKIZAY ik
DEYAENBKEFER Lz, hRRFTEL T, Ottwa IIOKBFIB L TERET- =0k
B3 Tablel ZH#), Ottawa IZ 3% % Britannia water purification plant O A B E % DK &

pilot-scale UV reactor.
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AWTERET >, AFKORBETIE., TINIEHNZRELRBRZREL THhD, BE
BBOHEIC 2mg/L DHIEF DR T Z{IT>TWV S,

Table 1
Filtered water characteristics
Mannheim Britannia
Source Grand River Ottawa River
Major impacts Moderately impacted by agriculture, Largely unimpacted with minor logging
industry and municipalities activities in the upper river
pH® 7.4 6.5
Alkalinity 150-180mg/L as CaCO3 7-9mg/L as CaCO4
Turbidity 0.04-0.10 NTU <0.05 NTU
TOC 3.9-4.7mg C/L 39mg C/L
DOC 3.6-4.5mg C/L 2.8-3.4mg C/L
UV-absorbance® (254 nm, d = 1 cm) 0.05 AU 0.05 AU
Bromate® <MRL® <MRL®
Bromide® 0.05 mg/L 0.01 mg/L
Nitrate® 3.8-5.4mg N/L 0.1-0.4mg N/L

*Data measured at University of Waterloo.
All other data provided by the Region of Waterloo and the City of Ottawa.
®MRL: Minimum Reporting Level for bromate 1.1 pg/L.

KBEE T, 6L/ ORETERBREZ2IT o2, AR > T, —E0oHhEICLEET
LETHITUE. TO#%, BEBROLITREFRERLHOESGHERMLE, BihY
T A(ACS 8. BDH)MRTUEREALSF R YU 7 A(ACS %, Fisher Scientific)Z H W THHEL
RIR (R EE 25mg/L. H£HY 1262mg/L) 2R BEBOH m EHEIL D, 60mlU/2 THEALE,
A Fw I IFY—IC L8P %. REABKORAEMIIZNETN 20 g/L. 1mg/L 123
L7z, SIRNREBEICEKROCLEKSTORERE., RALMBEONMEEITo /. KBOE
KIBEW, HEBRED 86~ 114%EBETH /=, /2. BAREELZL. BBoRmME2T
bW EORFER. By, TOCEBEDMHETHE Lz, ¥ > 7V, 20mL 2 40mL
D&SIzwT 7O A—T 4 2T ULENATIVBEEBFIICTRELZ. BBRIEICT. BbiZ
REBLKOBRAMEA A2 07 87 57 ( (Dionex 300)IC KDL=, AHIRICLS
Ea FPRMEIERERN 120 g/L. BIAEWN 1.1ug/lL TH D, 200 XX 1500 1 g/L O RFEH
OREDOBRINREOERERFZEIL 11216%. 10915%TH D, 7.5 BT 30 1 g/L O LR K
OEERAIT 95+10%. 91+210%TH D, TOC ITBRFEEICKLVDEIILAE, pHE2EDE
TOHEBWE 2BOEMET 2,

il B A g

MFEK O RAL YR EIIMERETH D, RERIIRH SNz, RERIZEBNIE
B2 200g/LIT/RA XD LL, CORBEET AU OEBERE 10ug/L & WHO @
WEES O 26 g/L DM ER-> T, RE Lz, REBEMOBRIMER T, RHEBOKRZE
ROATIELS, BABRBEHBICERPBE SN TS RAMICEL THMELEZ, =,
MOERRFTIT, BFER 200 g/ ERAY Img/L 2 & HIZHEAL KL, &V CBALUET
DORIERD TH 2 RHBMIT. BAMEVDERL., TOBEELS Y D AUEHATORERBRIBE X
DERETHDIZENE N, TN BRI ERFZERICE L CRKICENMRIBE T 2854,
REBOADOERRBRICHAR, REBRZEZSFUDEKZT Y UBUEEEORNWET I ER D,
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ii%‘&%ﬂj% & EJHJJ: ~ Fig. 3. Bromate removal upon UV treatment with medium-
FRICEALLZSBES. pressure lamps in Mannheim filter effluent (run a: spiked with
BREBEBEMTEALREE 20 pg/L bromate; run b: spiked with 20 ug/L bromate and 1 mg/
BLEELEED DN L. bromide; vertical lines=(removalyyerage) -[(removal;)—
’ (removalavcrage)])-
Fig.4 1&. RHEEH D H
2
B PE A L 35 A (20 1 4 lem
. 0.10
g/L) D RFEH R D {
HHmzERL TWS, 1mol £ 0.5
=N
PDREBOKAMED T ||y, b 1 |
@ . 1)
1mol D REALMINERT S % e ° ¢ 4 T
DT, EWmIZIE. REHE & -0.05 4
OWE &AM E 8 o pomate
R R E o0 o bromide
s, LU,
Mannheim D /KIZ¥EIG L -0.15 . . . . . ; .
. . 0 100 200 300 400 500 600 700 800
T 47 1 g/L O B ALY I8 B R Fluence (mJ/em?)

HBHOIHL, RREITH Fig. 4. Behavior of bromate and bromide after UV treatment
HanTnhwian, HEAKRKPD with medium-pressure lamps in Mannheim filter effluent water
Wy s PSR 7 A P (spiked with 20pug/L=0.156pM bromate; vertical lines=
iﬂ: g {}% g/s ii Z ~ ')_lj/ VC; (efﬂ-avcmge“inﬂ-average) + [(efﬂ 1 ~infl. 1)_(efﬂ'average'inﬂ-avcrage)])-
Houng )

LY D A k& M 95 DI
LW, HEHLET, HTTEHHN., REBIZWD. RAEWTERTHEMITH 5,
AREBTOWRAKOBRALDIBEIL 641 g/L THDHMN, FIPIL 47Tug/L TH D, AEB T
BN WHMAERYOERIZED, YANT P ANBNTWIRWAlfEES H S,
Fig.5 Tld, Britannia D/KDEBRFERZRL TS, B{LHOHFEIZED 5T, EEN
MEBILBWT, RIEMOBEMECHITHDP LU T DORMRIND, BEREMAE AR
Wi, S U TERAEBEO ERENER I N, 2B, FAKRPICERERIIRE S Nan
D AFKDKTIE, 696md/em? DEAME T, K 19% D RFEWMRE SN KK
BIZHBWTIE Manheim OKEFRBEDOREETH S, W/AKIZEH NS 40md/cm2 L T
Tld. Britannia DK TH R OREIIEBEHTEBD LRI TH 5,
2 MO KEOFKIZE DA 2 013, WEKOKEIZER TS EEHDNS, K
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5, EHOMEIKTIE, R#E g oo M
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BEHalhans, EABD -0.15 ; ; . . \ . ,
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WiINEZFA EICED, 5 Fluence (mJ/iem?)
AN DBACTEBERL S T, Fig. 5. Behavior of bromate and bromide after UV treat-
BAp 80 B 3= 0 R A4 R ) ment with medium-pressure lamps in Britannia water

. - . (run a: spiked with 20ug/L=0.156pM bromate; run b:
REBICBESND, 20T spiked with 20 pg/L.=0.156 uM bromate and 1mg/L=13uM
Ot 2NMBRIEDTRTH S, bromide; vertical lines = (effl.average-itfl-average) £ [(€ffl.1~infl.;)

ko T, EARBHRIZES —(effl.averageinfl-average)])-
BEW ORRITEERNIC D
EL BRI EODAELCES DN LZRELCRIDOPHIERMZHBILLEBDT
HB, LL. INSORINTFEEAEMENTEST., BHPHNL TS,

Mannheim & Britannia @ E7/2 58 % Tablel IZ/R9 ., Britannia ®7Ki& Mannheim @
KIZEHA, pHN 6.5 S T AU ED 9mg CaCOs/L &KW (Mannheim : pH7.4. 7 )b
F3 U E 150mg CaCOs/L). £/ DOC ® 2.8~3.4mgC/L & 472 <. Mannheim TIZ&
3.6-4.5mgC/L TH 3  MEMEED 0.1~0.4mgN/L &€ < .Manheim Tid.3.8~5.4mg N/L
TH D, HEEIZ LD BN IN T2 W=, Britannia Tid. REBROFRENHER S 1/,
M S B NEEAED M AT, L, BEERTIZECT. FEEART T
KODDHELD, RERIZBWTS, EABRFICEI D BEMEEOERNHER SN/, i
BREL., FEAKRKPOMBBEICHET S EEDNSA. Manmheim197 1 g/L 12X U,
Britannia /& 20 g/L TH D . TN HIE., BENARBOBRIZEIA TN

THIVEDOCTHAIED, BRERD Lo TWEERDNS, Z2OZ &I,
MYXBICHHBH L2312, DOCHELET TR, REROBMANDI, BRI D ERS AT
HIEE—HTE, REBRIDS, AEMICI0OENBRNRINZINTNS &E 2L, &3
BHIZD<, R ELT, OH I 200, 102, BELAKBYUNEL, B PTEDOMOERE
EEORNERYZBERLT S5, 51, RBEAACLOMOERT A4 >N 0H I
ANWVEDZAAR Dy —ELTHERT 2, IVHNOHEEKINTEMTH DD, BRAER
DHDBEIEDETDFREKKED BN SIETFHMTERNN, XFATF—)beN1 0y b
A=) TOERNLETH S,

e
AKNATy P AT —)VERTIE, —DOREZKFETCHTEENES > TITXORERD
RERICE L TERZT> 2. dFllE PR EBDTH S,
+ Mannheim OB /K T, 718md/cm2 F TR ERBIIREI NN T2,
B E (300~696md/cm?) T Britannia O /KIE 19% D KA MNERE S N0, K
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