Dose-Response Model2 Used to Estimate the Number of
Infective Oocysts per Inoculum®

e 2 o :
& — v ,
E 1'“:’ ~ — j T Ho
5 ' T PTG S : [==vo-- P = Proportion of
! g 0.5 R "*///"/ T ' | mice infected
Py og [ LAY ? 3 1 Response logit= Y =
an T : AT : D { In[PI(1=-P)]
- R i R
5 5] pd [ R
10 100 1,000

Infective dose
(# of infective oocysts)

The model illustrated by this graph was developed by Rorich et al. (1999).
bThe y-axis has been truncated for darity.

Summary of Experimental Results—Controls

Oocyst dose & SD {6 counts) - M1+ 68 139 + 4 46 + 9500 £ 840 1087 £ 84 IS 17

Hice inoculated : U it 10 B 0 19
Hice infected 8 6 3 B 19 }
Proportion infected 0.38 0.29 0.15 >0.96¢ 0.95 0.05
Infective oocyst dose 4 41 25 >562¢ 484 12
Log reduction in infectivity 0.6 0.5 0.3 <l.2 0.4 1.0
Log reduction in infectivity: 90% CLs {min, max) 0.5, 09 03,07 0.1, 05 A 02,05 08, 1.2

HA = not applicable.

0 = standard deviation.

0ocysts not subjected to experimental conditions.

Oocysts subjected to all experimental conditions except UV exposure.

CThe logit response model was ot valid for @ 100% infection rate; in this case, the calculation was performed vith the assumption that one mouse was not infected.

UHBLE 2

Summary of Experimental Results—UV Exposure

Qocyst dose + SD (6 counts) LI9 (£ 0.00) x 107 119 (+ 0.10) x 105 1,194 £ 20
Mice inoculated 16 2 3
Yice infected ] 0 0
Proportion infected <0.06252 <0.04762 <0.04342
Infective oocyst dose <3 <is <if2.
Log reduction in infectivity >6.02 >4.02 <2.12

¢ Log in reduction in infectivity: 90% CLs (min, max) NA A NA

The logit response model was not valid for a 0% infection rate; in this case, the calculation was performed with the assumption that one mouse was infected.
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K DIRIIBURNSI R OBUEIZ OWT

Assessing UV reactor performance for treatment of finished water

7. Bukhari* &*
1. fs
EE, KL )Od - [JESIMEEEHR LT, ZJUT RARY PO LA —2 A RORIE IR U2
T & KEEFICE > TIREITREZETH D, WHELRRORE, 57D/ —T4—< A, &
Y —DRERE, KENDA VNI REWDI K DT 7 75—, HERICA NN v 2EZ, O
BEihaREOhF &5, TAV OB RKERKEEEETHET AV T4 —5 =L AT LARXT
VW, BRI SRR & B S B T REME AR 2 BN h = 0IT ., S EERilAEfTo 2. kI
WIEMRTHEE, BEL212F (0.3m) TA4xIUVIEEL., AEAKOHEREIT 600g pm
(2,700L/min) TH -7z, 124 HiZbk> TR%#MIIE (THM, HAA, UVy,, DOC. TOC, &
B, HEH. TRAEERHD B I OWIEE (F 2 7B, RE. o —ahuEkE) 2EEL . EEMEE
NOFEERGL L2, MS2 NI FUF 7 7 —PRHNWT, SESERT O TORIR, bea 2 EEsH
TOT U TILLBBRARREER L. INSONEEOT—F L, RXF AT =)V ORELT—5 &
MWD OMBEERR S S Z EERFMHL TNWD, JU T RARY DT LF—T A MIBATIE, ROFA
=)LV DBFE T HC T-8 Mgz WA MBI KAWL 2 KL 72, WHDSHfERE S, F
— AN JFa—IHEIML, HCT-8 MIROBREENRE DIZDN, A — 3 A MTERIMVRUIE % fi
&, FHL LS BRSO RN, AIEDT—F BHEZ 5 &, MBERG I HEHMEIT D&
DORHVERIBES (Gm]/cm®-10m]/cm?) T, >3 logs DATEAL & FEH L=,
F=U=R: JUTRARY DT A, BEIK, IR

2. Rz

SRIVROEAE, FKOFREIT 1900 EFEEN SHHINTERLD, SEUK OUIRIZIIFHIT F TR
FELEo, L. OEDIZIEBZ U T NARY DT LA A N ORELEHRIDRER & D DI H N
FEVWRBOTHo/ZL (Lorenzo-Lorenzo fifl. 1993), D, BHIL 5 51T EDA— T X FOARELIZ
V3780 DYES R DIRE AW TR & v 7= (Campbe ] 1 4. 1995) . FaliZ78> T, AFEHIBIEASR & Gt
AT, F LS B2 5 2 EMFEAS N, BRI/ BEMABRO &6 51T, HIlrd 500N HE
THY, VRN U T R AR P LF =2 A SORFALIID IR O NERD D, LD FEREE
SEFENMND Efx o7z Bukhari fifl. 1999, INSHOFERLLE, W DINOILFEIFZ, BAMENZ I,
T—XIMERE S 4L (Clancy il 2000), HAREOEINRL AT LETZ VT RARY DI L, PTINDT,
B2 < DKFBREYNS TEWMEYORNEALZ IREICT 5 Z & &G U7z (Craun i1, 1998). INA T,
T—Hd IR N S FIERMEMICEN TH A I EETHL . FERAIERY 2L &N
MRS Nze AT =2 2 OWMAEW/HHOT 7 U — A2 NTE, —EDTHA 2 LI EORE Rk X
NS, SRIVREANNEHIRIBE T, WA TEDZERRLUE,

TAVA D —5— AT LAKS) (EROFTROAELS, RDHMMICHIEIEREIAL
HBHKEMRFRESE) 13, 80 LLLEO/KNIESE PTG 5 ONGEE LTH 0. 75 2 NI 28
AT BEMHET2 > TS, HEo T, SIVREINROBURICEN U 72585, #E LOMEEE L, F/=.
SEORIEEN AT O BT E IR NOBL T ANOREHRTZT B0, H2702 27 SOBARS
NIz, HEIER S 1 S OWMBFADNEZFMET 2 /2D12, BTG (GAC) DIBBIC, /ST 0w MU T 74—
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MEOMT SNz, SA 0y MU T U5 —d, lkw HES > 704 DfHE, T00gpm(3, 150 L/min) =T
HYAHZENWARETH D, | FORNT, WAK O, WE, WMHERIERYSE) Ok & s b2/ a7
NG A—H &Gk Uz, B2, INHOREDHINL, FHEFOERMR) T I ¥ —0N, A=A &
21og A EATEAL T HICR HNRE IR TEL0 R T A2 ETH B, LML, /Sy hAT—)b
FEREFEMT DD F— A DD E AT 5720 T SIVRE R ZMEET 2 /20121,
fDEY & AN YRR OFREFIGT 2 0ENH 5, SR, /31 0y h A —)IVIgEIc BT 5
BHHIRERMAZ B 72 5 T8RIME T 1 D OERFREZNET 572012, ME-SEIIEREEN O MS2 AR
By —YERRNWE,

N F AT —IANEFERIE. 7T SZAR) DO LF— A & in vitro OBEUERRICKDE
SNz, WA DWFRICBNTIE, EFRERU AT —EHEEME (-PCR) FE/lid@i it EE2m35A
o HCT-8 Mz e, OB TIE. 77U 7 F AR DU LOEMUC L B AT in vitro D
ERGMEABIC TR L. < R & AW oG ERER & Rk OEMG S N DD ORGEEET T/ 0 72,

3. SRR
IRARELSEBRONR S F A=)V, 1318y b A=)y

ANEEEEIZIE, FEUW 7 (1 kW) 24E9 3 Rayox UV collimated beam Unit (Calgon Carbon #)
Z W, WITE—L0 6 ORRBEDOIEIZIE, WIELEST A FA—Y—ET 4T 757 —(EES 1
) 2 Uz, $OVRIRIN RN, ERERICRA HlTERT2EE L T a0 a2 Itk s EREED
WiERWTHIRE L=,

EERI2ATFT B0 4ED I KkWOHIES > TEGT BN 7 7 & —I12T 700gpm (3, 150 L/min)
DI EFTIE o T AIFRITBNT, UV OUIRKIE, TR SR L7 Figure. 1),

MS?2 spike dose (0.5-3.4x10") Sensor Readings

Lamp amp and volts

{l.4m
54

\
3]

-

| (0.86m)

P
(1.02m)

Pre-UV sample tap Post-UV sample tap
Figure 1 Diagrammatic layout of installed UV reactor

MS2NTTUAT 7—2DHT > Ntk

USEPA AV R 1601 &\, SRR DO MS2 DN T UF 7 7 —I8&E D > MUz, Pk
WHE (4ml) ZEOWEREHE, TIZAAT ) 2—F % v T TIZAN. SO E.colilo0pL
EECVRIREE D MS2 50uL 2RI %, BEH. BEUZ TSA Z AT L — MIEE, Fnich &R
B YOOV EE S B T — h R EIC LT 1624 FEERG7C)T 5. SRIMRIRN Ot TN

TVF Ty —=PDT =0 & gET 5T EIZE D, $IVRIBHEBICRBIT ARG LOEENDN S,
IV T RARY DT LA —T X FRELOWE

invitro TORZRMERRERIZIL, HCT-8 M2 v, G & 5D A 72812, pre-treatment/inoculation
FikE MW~ HCT-8 #o confluent monolaver Z RV, SEMGHESI XN/, I Lido> ro—)b
F— AN (1,000-10, 000 A—3 2 &) OWREWZ 100pL ZRINL 7z, B8, Was a7/ - 287500
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T 55D PBS (U > MekBlii AL B BeK) VA TR U a-PCR 7213 IF B TR 217 o 7.

(1) 5E=m7s PCR(G-PCR) HCT-8 B/ LA Y—nbilitha s ) 7 AR Y D7 4 DNA .
Cryptosporidium-specific primer targeting the heat shock protein gene #ffi-> T, ¢-PCRIZE DT
Bz, Y—FY1 27U M3, W denaturation(95°C; 10 43), IZHi&E, 45 U1 7 )LD
denaturation(95°C; 30 s). annealing(59°C; 1 43). extension(72°C; 30 s) Td 5, amplification
TOtAE LTI, —ERZ extension(72°C; 10 43) ZHEML 8. U T )V E 4 CIIHR LTz, ¢-PCR
IS ABL 7' A L 1700 #fsek Higs SOSRRER S NS T —Y 53 &2 T 5V 7 b o 7 2HT %) 10T
7827z T 7AN—4—TIT, 96 JXPR SISZEZFINIZT A hERS T2 DMNETIIVTF T L 7Y
—IZHESEST O, TV A4 L——U88m) WMEH SN/, T 71N~ —T )%
BUTARY N5 7 TENENDOYIEN SFEA L 7=806E. CCD S AT (500-660nm) 24 DRI
770

(2) REROCHEMEHER T2 REEEE L. L Thiand— A ME, PBS(H 7. 2) &> TE/
LAY—DoHENEESIN, BIWINTFIVALATIVTE RIZksTREELE, £D#%. A% /) —ILZT
mHIL, sporo-glo(Waterborne Inc) ® 1/10 BIDOFHWIC KL DREI Nz, ROTSFHFSTENTHRL, K
IRHOCBRMEE 2> T, antifadant ZFORMZR U7z, £ ORR,. & 2 5RIVRIRE & (150m) /cmd)
FTEL A=A MIMESRE U TIHERTRETH 5 Z &R X 7= (Bukhari 1 1999),

4. % R
(1) RUFAT—=INEBRTOM2LNTTIT 77— OREL
MS2 N U7 7 v — D OREMERIS ARG LA — 71, 3 BRI IC Xk o7 (Figure),
F—ANIFNFNENNB SN, SD LV 0. 68+0. 13, 1. 38+p 0. 24, 2. 47+ 0. 11 12D, 10mJ /em?,
20mJ/cm?, 40mJ/cm? Tdh o7z, (Table 1)

(2) N1y MAT—)VEBRTOMS2 NI T VLT 77— OREL

XAy B AT—)VERTIE. 0.5-3.4X 103D MS2 N7 FUF T 7—2085 3L Eih=0., ITEAL
Foo M. 1 53, 347, SRIETH TN EIEELZA, RERARIR SN ->/2DT, 343
BoATIThiz,
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UV Dose (ml.om™
10 20 40

S U

-3

Log Inactivation {mean x 5D, n=J)
B

3
!
!
wih
Figure 2 Bench scale M52 inactivation using various doses of UV

Table 1 Comparison of bench and pilot scale MS2 inactivation data

Anticipated UY dose h o Expectad inactivation Lo inactivetion
on lamp configuration (nmi/em™) - bhanch seale (=) - @ibot soaie (1 =)
40 247 £0.11 (8) 2.59 % 0.48 (6)
20 1.38 £ 0.24 (5) 1.92 4 0.26 (8)
10 0.681:0.13 () 1.21 4 0.097 {3)

(3) BRENTORPHOWEMIC L S 7 U T R AR T LA —2 A N OREALOFH

%ﬂ%‘%lﬂﬁ;}“‘%ﬁi‘lom/cmz\ 20mJ/cm, 40mJ/cm? DFE, q -PCR T L AHIMESBRYYEZ AV, RiF b
WBZENEI, 1,16 log, 1.24 log . 1.84log Tholz, ZOfEIT. A &MH L mdguttitik L 0K
VME T % (Bukhari f@, 1999, Clancy fttt 2000) .

SRANC, IF Z DBt it cid, sml/cm? & 10m)/cm® S8BT, >3log D7 U T R ARY
D DRNE LN B SN,

5. i M

(1) RFAT=IVDO M2 NI TVFT 77—V DOERL, 3 DO/ EICTERL, FHiIck
WHEBIENR SN, BEROERT—F & bBAENIN TN,

(2) 5 > 7HREIRFRHZ 16h-5, 800h IZTITVY, MR K A ANELIERBICERIIH £V A SN o T,

(3) T 2 7HREHEFRIA 5, 800h 242 L, T 707 ) —Z 0 FTHMEMETIL /=,

(4) 10y bAT =) EXRF AT =)V ORNEALOMEL, B ER 40n]/cn’ 12 T bAHBE RN -
72 ULML. SR7MRIREHE 2 20m] /em® 721 10n] /em? IZJ 53 &, /S 0y AT — )L ERF A —
IWOBNNKRELZD, XA 0w BAT—IVOEROHREDENENE SNz, XNFAT5r—IUIH
W, 10m]/em?, B 20mI/em? & BITHEEORITLIZT H-FmEEEZRL, N1 Oy KA —
VUL, 10mI/cm?, 72U 20mI/cm? OHREHRERHZFIRE L D mWEIVENRE SN T 2 & %R
BLTn5

(5) BUSERANDOFAIK, FHAKHO THM & HAA Z200E U7z, {HERIA RS MCL 82 RED .
UWWiHEZ L TH DBP [T EE 5 2 N ENMER SNz,

(6) ZOWFFETIL, IE#D ¢-P(RIZICE D NELZYE L, SEIRN & (10-40 mI/cn) 2T
NE MRS Nz, In vitro BEOHIFEO S TRER GOGRE, BFER) IZB W T, SESRIRE &Y
150mJ/cm? 28 Z 72 P IUSATE LI SMERR S /s d > 7= (Bukhari fif 1999). q-PCR J&1&.  in vitro ofth
DOFEXD, BENEWI LNV 5, ¢-PRICE HATELERIL, HEHRE [0n]/cm’. 20m]/cm’, 40m]/cm?
IHWT, FNEN., 1. 16logs. 1.241o0gs. 1.84logs TH o7z,
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JBALIERREY T UV BT & 5 Tk b OfiE s »>
Removal of microbes from municipal wastewater effluent by rapid sand filtration and subsequent UV
irradiation
R.L. Rajala %

1. i

T R AR 2 KE KD B UNTREMKRE UTEUKT 5 X D738, KD S Ui 2 ks
THNNEEE o TS, TE, 74205 ROAEFRO FKUBBIZTNA Oy v TS5 Mk 5
HEIROIER, PAC IZXLDEHE+ WA ISRV A A SHE D Z &ICk D, IHHENMEEND T &
MM Tz A TORRENRIE, SSHY90%, BEN 10~80%, RN 20~50%T, Ziuzkp,
SOREIREEE 20% ETWHET DI ENTE . MEBREITOWTIEL, 90~99%, DAL 0.05mg/L
FTHRET B ENTE R, UV RN ODHEIL, SIIRNEEREIC FRNA 7 7 — V2RI 5 2 &2k D
L7z, /Sty b5 BT, UV IRETREE 140mWs/cm2i2C, 99. 9% LA o> MS2 AT IRETH
27z, 18P, WAMBIORETO WVIBHICELD, BREToELTOMEY RS Z EMNAEET,
A& o TR LT ETEYBRENRETH > 2. ZOBH, SS BIOWEL 1-2ng/L, 1
NTU BB E ThRETTRETH o 72,

2. SREOHH
2. 1 ERESEETOER

ABIZHWZ W ABIE ORI, ABEHE 0. 17, A8 0. 8. AMEEE 0. 9-1. 2mn THD, 3 DD
AEFITHBNT, 2~3 HO run ZHEERL 7=, W2EBOXERMBEY O RNE I LB RIVRIB N R
1d. Collimated-beam Zi& GKFIE TD 1,=0. 22mWs/cm?) iZCTHIE L7z Blatchley, 1997, KE & LT,
SS. VEHE, COD. faff, SHMRBIRR, HFE2E i, BEMEMEL T, KEE Y v —2 (P,
KIGE (FC). entrtococci (BC). sulphite reducing clostridia (SRC) Z LB ORI TRIEL 2. N
FU7 & clostridia MM standard membrane filtration 12T, M@, KMEEIE. Garbow and
Coubroug ¥ (1986) I L D RIE L 7=,

2. 2RBEPTORR

Continuously washing sand filter (DynaSand, Waterlink, A#££0.9~1.2mn, AME~3. bn, A
& 0. Tm) . &2 HWT 4 DOk Q=20, 000~70, 000w}/ FD I TEBRE{T- /-, /KEAML 6~10 m/h
TH5, EHEHEFL. FEXOEINELERE ProMinent Dulcodes ; FSIEE S 94em, EAL 11, 4om, %
HVERH ST 45W, SESVERIRSRE ) 16W) 2 BT K D SRR L 7=,

T 2 THRIE 1) EARREEHTTHE L7252, 20nWs/cm® TH - /=, SIMRE 113 [=1,0-e/aD) IS TEHE
END, TITa: PIRERE, | AV —TMEOHEETH 5, BEMROWIE/NT A—5—13, #
2 BIORESE 3 AEM L7z, FRNA 7 7 — P& A@UBKIZEML . SRV R OMNE 2 EHE L 7=,
Flo. BEERIE LT, PAXI8 & PAX XL60 (VILIEHRIIZTNEN W, 1WTHD) % 1.0~2. 2nghAl/L
BERmUZ,

3. MR
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3. 1 SERETORR

(1) WB7585 A—4—

INRBLOW AT, 5m/h BE 10N IZT, ANS CD 3 DOUNE TS5 > hehy FrkiicHifig =
EHAD 68-88% & 51-96%ZFRET D Z LINTE /. (Table 1).

HELE, 5m/h T 50-80%, 10m/h T 30-84%iA L7z, A & COD DFNIBDBDODFH T 2-35%B &
VL3415 TH o 7=,

Table 1 Reduction (% Red) of physical parameters of effluent (EFF) and sand filtered (SF) effluent in labo-
ratory scale experiments (each experiment run 1-3 d; sand size 0.9-1.2 mm)

Plaol A Blant B Plant €
Loading (n/h) 5 10 § 10 8 10
S8 (mg/L.) EFF 8.1 16.7 5.6 5.8 9.5 20.0
Sk 1.0 2.1 1.8 27 2.9 0.8
% Red 88 84 68 51 77 26
Turbidity (NTU) EFF 5.8 16.0 2.8 4.8 4.8 16.0
SF 1.1 7.6 i.8 3.0 1.3 8.0
% Red 79 53 52 30 73 84
Colour {mg/L. PtCo) EFF 32 28 46 38 25
27
SF 31 21 30 37 24 25
% Red 3 16 35 2 4 7
COD {mglL) EFF 42 - 87 41 30 62 113
SF 31 66 31 32 C 45 67
% Red 26 3 24 17 &2 41
Transmittance % EFF 63 52 66 53 57 © 44
SF 64 54 67 54 63 57
% Red - - - - - -
Pt (mg/L) EFF - - 0.24 0.25 - -
SF - - 0.16 0.21 = -
% Red - - 33 18 - -
Pooi (mg/L) EFF - - - 0.15 - -
SF - - - 0.15 o -
% Red - - - 0 -

() WEY DA

FRETO UV RS, DN IV BEO¥ITE—LATHEBEL = Do: 13.2-66 mWs/cm?) , SF 72131,
FLWEY ORI R S Neho 7= (30-60% at 5 m/h; 0-67% at 10 m/h; Table 2),

FC B enterococci. (99. 9%BXTN 97%) 2 13.2 mWs/cm? DEIMREIUREIZ T, (€L )Tz 7=,
KIBE 7 7 —d—EBHO UV JREE (16.5 nWs/cm®) T 98-99. 9% L 7=, —75, sulphite reducing
clostridia iIZDWTHd, 2 BEH® UV HiE = (66 mWs/cm) 12T, Y9050 E 547z, (Table 2), SF
BIO UV U CEfTE— L) O%DBADROEEHT. @<, FC 99.999%, KIBE~ 7 —3 99.5-99. 97%.
IR 99. 97%B L X sulphite reducing closiridia 90-99%Td - 7= (Table 2),

3. 2 N1owvHh
() WER7LINT A—F —

AIZE D, SS(66-93%) . VEHEE (65-87%) . M (75-89%). A (23-36%) B X TN COD(34-53%) ZfEah
7o AR DS ERERRIIDTE < &6 20%, K T 1052 EikES N7z, (Table 3).
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Table 2 Reduction of indicator microbes in faboratory scale experiments

G tric maan 12 as CFUPFUY/ 160 mk (% reduction) UV dose mWs/cm?
(P = 10-12)

EFF s¢ uvi uve Cum % rod Dyl 8,2
5mih
FC 2.3x10* 9.9%10% (56) 26 (99.7) 0.5 (99.998) 99.008 13.2 26.4
CP13706  1.5x10? 8.3x10%(468) 0.7 (99.92) 0.5 (08.94) 99.97 16.5 33
CP16597  4.0x10? 2.7%102 (30) 6 (99) 2{29) 99.5 16,6 a3
EC 3.2x108 1.2x103 (63} 60 (e5) 1(89.92) 99.87 13.2  28.4
SRC 1.7x102 70 (60) 70 (0) 2.4 (07) 98 a3 66
10m/h :
FC 8.2x10% 0.0x104(0) 1.1x102(29.0) 1 (90.989) 99,8968 1.2 26.4
CP13706  3.3x108 2.5x10% (23) 3(99.9) 0.7 (98.97) 99.98 16.5 33
CP15697  9.8%10% 5.7x102 (38) 2(99.7) 1{99.8) 99.9 16.6 33
EC 2.4x10% 8.4x10%(687) 2.7x107(68) 8{89.9) 09.97 18.2 26.4
8RC 1.4x10¢ 1.0x10' (0) 9 (0) 0.9 {80} 20 a3 66

CP = coliphage (hosts £ Coli ATCC 13706 and ATCC 15587); UV with collimated beam device; reductions
calculated from numbers in SF water; UV1 and UV2 are the two UV reactors

Table 3 Reduction (%) of physical parameters in four pilot scale experiments with polyaluminium chloride
coagulation (means of 12-24 determinations)

Plant 1 (16 m/h) Plant 2 (7.7 m/h) Plant 3 (10 m/h) Plant 4 (7.7 w/h)
BFF (=4 Red BPF R Red EFRE 8F Red BFp S Red
85 124 3.9 BB 104 23 78 44 1.2 73 220 1.6 93
Turbidity 47 1.4 @5 68 14 80 23 07 70 7.1 08 87
Colour 49 34 32 3e 30 23 24 18 25 34 25 36
coD 53 35 94 60 39 35 27 18 33 41 18 53
Transmittance 38 48 - 40 58 - 67 72 - 53 70 -
F’m 031 0.1 77 0.31 0.05 84 0.24 008 75 0.52 0.04 88
F’m 0.1 0,03 71 0.04 0.02 50 0.14 0.05 58 0.04 0.02 &0

(2) OB
ERBEHRTOERTOL DI, HEREY72 A B IIE T2 MY DI N IIR I o Fz. PAC 12X 51
D 90-99%TH o7z, BRI, KIBE T 7 — 2B LU T, SRC DD DIFEAE 99%) Wb A @iz k5 H
DTH5 (Table 4), —BrHDERIEREERE (D,=60-85mWs/cm?) O AEYENI AT 10CFU (PFU) /100nL T
Holz,
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Table 4 Reduction of indicators by rapid SF and UV irradiation in pilot-scale experiments
(UV1 = 80-86 mWsfem?; UV-2 = 120-170 mWs/cm?2)

Qaamatrie maan CREEFN/100mL, {% reduction) ({ = 12-34) Cooree %6
EFF i [1°4] . vz padduction

Plant 1 10 m/h TR 30-47% TR 42-57%

FC 1.4x10° B.4x10% (98) 9 (99.9) 3{09.98) 99.905
CP13706 4,4x10% 2.8x102 (94) 2 (99.93) 1{69.98) 99.996
CP15597 1.8x10¢ 5.0x102 (97) 1(99.8) 1 {99.8) 99,994
EC 5.6x10°8 1.0x10% (83) 5 (99.6) 1 {B0.0} 8908
8RC 4.4x10? 4,0x101 (91) 8(99.9) - 3(93.0) 99.0
Plant2 2.7 m/hTR31-50% TR 54-71%

FC 5,210 9.0x10% (98) 8 (99.3) 1{89.9) 99,908
CP13706 3.3%104 2.6x10% (92) 5 (89.8) 1(99.96) 99,997
CP15507 9.8x104 1.7%10? (98) 1{99.4) 0.5(99.7) 99,995
EC 1.ix104 2.1x102 (08) 6{87.0) 1(89.0) 99.07
BRC 8.0x10? 1.8x10' (98) 11{158.0) 3(73.0) 89.5
Plant 310 m/WTR63-70% TR 64-75%%

FC 2.0:10% 1.8 108 {95) 20 (99.0) 6 (99.9) 99,004
CP{3706 1.6x107 4.5%102(78) <0.5 (99.96) <0.5 (99.986) 98.09
CP15597 1.8x10° 1.3x102 (83) 2(99.4) i (98.7) 99.95
EC 1.4x104 2.9x10? (96) 4(90.4) 2 (996.9) £0.69
8RC 8.2:102 2,210 (96) 11 {(50.0) 8(27.0) 99.0
Plant4 7.7 m/W TR 40-63% TR 54-746

FC 1.0%10% 3,7%10° (06) 4(89.9) 1{99.87) 99.999
CP13708 8.4x10% 9.6x102 (89) 0.6 {99.94) <0.5 (99.95) $9.99
CPi5597 4.1x1078 1.4%x102 (97) 1(99.3) <0.5 (99.6) 99.99
EC 1.8%10% 6.8x10% (08) 3 (99.8) 1 (99.9) 99.99
SRC 2.8%10% 4.0x107 (99) 10(75.0) 4 (80.0) 99.0

3. 3 FRNA T 7—I~ DM RDWE

FRNA 7 7 — D~ DFERS 81T 2 DDA ETHER Uz, UV U &L, FRNA 77— Raad BLOMS2

ZMHEKITERINT 2 2 &ick D, SRIMRIEIC & 2 F B g st & ke Lz,

ANEMAL— T Figure DIZKERZILT 77— ERBEHRIZERL TWe, BT y—2 &%, HK
(SS=8. 3mg/L). &> AMUEIK (SS=2/6mg/L)IZHBNWT, [FAERORNFALESN TN S, 90, 99. 995DARTK
LZ21G5I1T1d, FNE 22, 132nWs/cn® DSRIMRENNIETH -7z Figure 1a), [FAIREDFEEAY FRNA 7
7— Raad THHELNTWD Figure 1b), /31 O REERTIL, MS2 77— 2FINU-BS, 5045
FEH 105D plantd 2B WTIE, 140mWs/cm? T 99. 45D RNELE: 57 Figure 2). $E5MEBR
505D plant1 {IZHBWTIL, 156mWs/cn? T 99. D ANEALME SNz, SAELERER 40%, T2%D plant?, 3
WZHBEWTIE, 120mWs/cm? TENZN, 96%. 99.9%@K7§4t73§?§y5ﬂf: (Figure.Z)o AERI D, EHBRE
BIBITORBRICENT, SSPHEAZERRIIFIMRICEAONE IS IZEHBE AN ENGN5
(FigureD), Z3Ud, AFBRTHWZA T ARSI NENW D EE bhé INA Ty b AT —)L TOERIT
BT, FIUBREIZT 1~2log BEOARNELERMES BDHERENMESNTZ, SBIRBERE 40 15
T0%ICBEET DT ET, FRVA 7 7 — DV ONELEN 2 og F2E LA L7z Figure?),
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A ‘ B

e MS2SF === Rand SF | oo e
(O MS2EFF - # - Rand ETF,

log PFU/mi
O - W RS o

log PFU/ml
- R A - R -

3
-

-1

0 33 66 99 132 164 198 231 24 D 33 66 9 132 165 198 231 264
UV dose miWs / ool UV dose mWs / el

Figure 1 A - reduction of FRNA phages MS2 and Raa4 in wastewater effluent (EFF) and sand littered
effluent (SF) UV irradiated in the collimated-beam device. Suspended solids content and UV
transmittances of EFF and SF were 8.3 and 2.6 mg/L and 45% and 55% respectively.

B - reduction of phage Raa, in different waters, DW = distilled water, DW+AS = activated sludge
added in DW (SS = 1.9 mg/L), SF = sand filtered (SS = 2.5 mg/L) and SF4C = sand littered with
Al-coagulant (SS = 4.7 mg/L)

B 0-sample BUV1 COIUV2 !

log PFU/mi
N A W

Ly e

40 (P2) 50 (P1) 72 (P3) 70 (P4)
UV transmillance 9%

Figure 2 Inactivation of FRNA phage MS2 added to SF filtered water with different transmitiances

in four wasiewater treatment plants. (UV doses varied from 60-80 mWs/cm? and 120-160 nWs/cm® for

UV 1 and UV2 respectively. UV doses were approximately equal in plants 2 and 3 and in plants 1
and 4.)

4. wi

RUBET V2 20 AT K S20EW 2181, UV HERTERO N /KR O Y7aailii & UTHER T 5
EWNTED, THUL PBMWTHFOKOKEZSE L, MEDORZE 99. WRD S Bz, UV B, &
SITHERE & R BRBIKITRS B LW BC A1 RS HED LAOVEL T D& Uiz, UV
BERE B ZOHAREROWRE DI E U TO FRNA 7 7 —2 OF SRR S .
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No.29 Water Research 37 (2003 )

RAEYIRIR R Y OB RBESRICHN T 5 UV IHROZIR Sk OREH ORI DWT
Impact of UV disinfection on microbially available phosphorus, organic carbon, and microbial growth in
drinking water
Markku J. Lehtola 5

B

KRR DML, 253.70m DIED UV BEDN—RANTHER TS, UV BRIE, AR S
LTWAY 2 &F)L M) VBBICEBL . BROEBYEIZMET A ZERMeNTNWS, BReEd. Uy
HREHT & 0 BB K OB MR R ) > ORI TR/ G REO &N INT 20 ES M DWTIHZE L
770

1. BRU®BIZ

UV B (% 253.70m) 13E0RK O— 7@ & e o T b, UV2s4 ICk BRI &
A IV A D DORIFAL FEIRITNR TH B, HEIKUIERIZ BT 5 UV HhOR5& LT, bk
DEMEBEE VIR, HERIERNZ AR LUBVWAR, ROOR M RWENEIT N5,

FRFHID UV2s4 ORE OKEBES > 7)) &, AHE 2R L K ORIE OBEHEEE 2 B 570,
ZUIBE 5 <EMDPFIHTE 2IEMEMUZREZEEBbns, UL, D72< & 130mWs/em®
EUT D&V Uv2s4 BT AoC (RbnRE BB R) E7=i34EY e DOC (AMRIEAHIRSR)
DEIMIFED 5720,

Lund & Hongve I, UV254 JEDVKP DAY OREZIHET S OH T VAN EBKRT 5L 0o Tn
%,
BETHBER & EIWEBDK TR, SRENEPBEY DREEFEFICRKRESIIHTH & L5,
AOC FE7zid BDOC D&H DITY KR KR OB OEBT 2GR T %, Uv2ss OIS, -
DE D IR OFTHAEYDFIRTFIEER ) > (MAP) ZEINS B TWANREITH S, fatdins, V) ik
FEOIEFITOTHNRIENMN, Y 2GR L KD TOMEDDOREEHD S

2. BB
2. 1 SZhgtm
2. 1. 1K
AKEURHI =& OAKGEFZEAN S UV INATRICEK Uiz, ASRRIRIE. 7K & U CTHb Rk 2 Rl
LTHD, BlAEE. UViHE 15SmWsiem’) 12 p HEFRIKAETHEL TH5,

KEEEB, Did, HINKZFREL, AKITT pHHEEITV, HRHEFHEZIT> THWAHKEFEERIZ
T SRIMRIEF(40-50mWs/em?) B 1T D R ICERK U7z, KESREAK CITBWTIE, Rk z2FAKE L.
BESRTR, ¥R — 41T pH 23 L, SRIMRINHE 21T TWAH25mWs/em®), Sample Eid, Xifik%
RS U 72#, dry and wet contact filter ZUE ATV, FEAM 2 F ML /28, NaOH IZE D pH FFiEx
NTW5, Sample FId, KF/KZMIKAME U, N> FICXDEESE, ARICKD pH g%
ERiLTW5,
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IKEEE D-F i, 10 ADWAT philip I UV 5 > FUSWIT TSRS 2475 7%,
Z 275 205cm DIFFITH B circular glass bowl(KFE TOEEE 135cm. JEFH TOMEEE 6cm. KIE Scm)
ICHE U7z, SROMERRIENL. Macam spectrometer(Model SR 9910, Macam metrics LTD., Livingstone UK)Z H
WHIE U7z, 252~262nm TOFHY LRIV F—1d 927mWs/em® TH 5. KEHE 522,54 BSEIMGIRE &
N, TOBRD UV254 #REUL. 46,204,501mWs/em” T 5, KitkHd, ¥ F FF v 2 25— —(800tpm)
CTHRIRL, KZ 6- 7 CITR B, FRETTS /2. UV2S4 B@HRI35 63 (Shimadzu UV-1601)12 TRl

U7z ¥ 7))V DEF OFEBHEGcmNIZNTI. 74.5%, 46.4%. 493% Tdh 5,

2. 25¥ihh

HIAGERED, D AR ORFEERET B 1201, Hl-free DBEH|(Decones ; Bprer Chemie AG Zuchwil,
Switxerland)FZ THLHHE, 2%zHCI AR 2 RFENRIE S . i1 3 > KIC THeli%, 550 FEC 6 MMM X

Hiz,

2. 2. 19HRROBELER

TOC {4 Shimadzu 5000TOC analayzer {Z T/ L7z, AOC V. Van der kooij ¥:12 & O HIE L 7=,
2. 2. 2V RO
2. 2. 3TEHORE

BB EHPOIE, R2A B (Difco) 2 AV spread plating 112 & D JIE L=,

3. WREER

PR Table-1 {RT B0, UV254 I TOC 2 > O BITII B ERIFE ko /=,

Table |

Chenucal charateristios and bacterkal coumy in the water samples

Water Tremssent TOU  AOCjmenins UVas  Avetate Oxalaie Fousste SMSF Towml P MAF {pg)) HPC HGR max HOR+ F " HGR inoc®
works tmgf) (g labsfew) Gupd) () () {ngfl} CFUml) (CFUm) (CFUMmb (CFU{ml)
A Before UV OR 25 oM8 14 “2 & 19561 «2 .06 240 168,000 20000 43,000
After UV 0.7 20 0620 13 =2 1 18438 <2 0.06 40 204,000 439,000 142,000
B Befare UV 4.5 47 0016 <3 2 4 939 2 .18 i1 605 500 1,120,600 469,600
After UV 0.7 34 0017 L] f4 6 mwse 3 n21 1807 215,600 923,600 153,000
& Before UV 12 74 0.035 11 5 16 G I 019 100 125,000 1,443,000 39,000
After UV 2.2 L 0.03% il 6 ] 66865 3 0. 15 2H7.000 01,000 KYREG]
Laboralory: experiments
U¥-dose (W s/em?) HGR * P inoc®
{CFU/ml)
a3 Q 03 77 0007 Contars <2 15 11435 «2 0,24 43 NA 351,000 364,000
46 0.3 42 0.008 <3 <2 13 Bo4s <2 0.24 3 NA 7,164,000 1,055,000
204 0.3 59 JERVEA] <3 %2 1 1315 <2 0.26 <3 NA $B7,000 324,000
501 0.3 54 0.006 L] ¥ 6 15886 5 0.2% w NA 35000 245,000
E ] 22 39 0.057 17 4 14 102392 2 0.34 150 NA 546,600 315,000
46 23 35 [tREA ] 7 3 9 83354 2 0.3 15 NA 805,000 164,000
204 24 33 0656 iz [ it 84743 2 .59 5 NA G981 006 991,000
9 22 66 a.n57 7 7 1t 97788 2 .32 <% NA 13,054,500 231,000
3 [ 16 08 [RERT 14 % 17 63954 2 .22 140 NA MW7.000 356,000
46 26 &1 DEIBR] b2} 5 1 84532 2 .24 9 NA 0506100 412,008
i 25 9 0054 33 81} 13 91387 2 .40 14 NA 20,346,000 369,000
b 15 97 0052 1% 9 14 66386 3 £15 =5 NA {1,A55,000 113,000

*Anafysed with natural mierobial population of the sampie.
" Anatysed with inoculated nucrobial population adier pasteurization,

“Water was slored few hours before sampling.

4 V-irradistion dose for the suslace of the sample.
Symbols: TOC: wtal organic carbon, AOCueanis wssimilable organic carbow, SMSF: sum of molscular size fractions expressed as the smm of peak areas {(UVs), Towl P: lotal
phuspliorus, MAP: microbially available phosphorus, HPCS heteratraphic plvte counts {R2A), HGR max: maximum number of heteratraplhic bucieria during 21 duys incubstion of
walter with aatural microbint popudation, HGR + P mux; as HOR, but 20 pgdl phosphate was sdded, HGR inoe: HOR with incenlated bacieria community. Limit of detection for
acelle was Ipug/d, oxalute Ipght sad Tormate 4agfl. NA: not spalysed.

B LI, MEMOERFICEZ 8T, fRICEDFHE D BIEM- T2,

Table-1 {ZXAUE. 204mWs/em® LT R TUER L 72K I3 & THAENERE LT, Kl
IR0, BIRREOERTIE, 46mWs/em” EL R TOWEIIL T T 89% (1log DARIEIL) TH - 1=, UV254
MRS DM BN RIE, B ORBROADVKEFEEL D B RN 72, BAEHEEKR T, UV BHO%

DFHDHIE D BEn-> 7,
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FEED Fig.1 V3. #7205 7KEEID 2 TF-' o S KEREER I A UV IBEHRE (mWs/em® 2R LT 5,
Y fHIEEOE—27 THD, X Mildn TFEOTH D NONKEWZIESTRIINE <5, UV BEO
MBI : KiABORT T, bLIBFHREY O, 46, 204, 501mWs/em®

7060 4 4000
6OGCO
5060 4 iObefore UV 3000 :bzmm v
after UV
g 4060 A B after UV g 2000
= 3000 - =X
2000 - 1000
1000
O —— - - = ¥ e = A G | 1.5 oy £ L .
1 2 3 4 5 6 7 1 2 3 4 5 8 7
(A) motsculer sizo frsctions ) malaciular size lractions
40000

30000 4 |Dbetora UV

| {Eaher UV

12 3 4 5 6 7 T 2 3 4 8§ 6 7

(£

rolssulnr shis fWacticns 9] molecular size frastions

Fig. 1. Molecular size fruetions of different water samples and UV-ireadiation doses (mW sfem®) for the surfuce of the water sample.
Numbering with desreusing order of molegular size, Y-axis is peuk aren, where the unit is microvoles multiplicd by time {4V s}, Leégends
for the UVasy doses: bl, no irrudintion, 46, 204, 50 mW sfom” at the surfiuce of the water sample.

4. W

(1) UVv254 OIRFHIEVKICAW SR, AOCTRT > 2 v Lo TS 1 ZOE 8%
a5,

(2)  UV254 DIESHZ & D MAP OfEEEIL, AEFEATRVICHHINAHMEED B
FVRENLETH D, SBEOFBKELSOK TR D EWRENMNETH S,

(3)  AFHESCHAEYOMEEIZNT S UV HFEOSRIIKIC I 2 TR, Lo T,
BB ZEARITEE K R DAL A B/ i U T UV EOREHEIC S8 5
LTS R A A BE VAN B R AN VAL SV AL A
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No.30 JOURNAL AWWA Vol.90 No.9 (1998)

2 VT FAR) D9 LORFEIZHT B uv O
Cost of advanced UV for inactivating crypto
Cost comparisons indicate that advanced UV technology may be cost-effective for drinking water treatment
and competitive with other treatment alternatives.
John, E. Dyksen ©

1. RUBIC

UV OHFE TP 27 MET AU AIKEBHREE (AWWA RF) MSESMREINTED. &5
Brgeit (BPRD 2%, ZU TR ARU DT L A —2 X MORFELREICNT S, b DOB T Oi %
fToTna,
F UV BN 27U 7 R ARY D AR U T 4log BLEDORNFELAEZE L TNAH I ENHAIENTNS,
ZD UV B, PR DUHSERR TR TE DM e e 2720, BB SRR RN 53T
MENz, oM. H UV BTHEINC O W TOHEMN, RFENSEITHRRICDWTHRE L T 5,

2.

Z 0T N ARY D7 AIEROYIE S THRET B 2 ENEL <. WML O A IR L
TL AN RELT B 720DIZH N 5N BRI TR U TR TN,

T RARY PO LERET DD ORI E UTEEBRENNH 0. Zofd. S
PEBIOISHTEOWMRE L TERINTNS,

HFEIFED—IRE U TRl S 7z 5 DDESHEINII AWWARF & EPRINC K » TE®Z RSN,
SDDESFM LN, 75 X HEHAMN. pulsed electric field XT3 DD -1 7O UV VIVA, #Hifl,
NS DIRE) B Th s, BFBKEMITHBNWT, £ETWD Cryprosporidium oocysts & FWT, N
SFAT =) A Oy BAT )b, SR E D ANELRED T A b TNz, —DD UV Y AT A

B EIVA UV) Tl Cryptosporidium oocysts  DAIELDERD B 17z,

JVA UV iEdA = A P ERE L LIZTNE S, BT —F 30N ZiHI T 2123+ TidZen-
7z # UV TOBBKETTON, OB OB TR S N5 nEeE 2 IR ET 572012,
PR S BR G ORI UN B & SIS Nz,

MM R ORAT G & LT KR 1.9X10°% 3.8X10° 1.1X10% 1.9X10% 38X10°m’d T
DNT, HET L7z, & 5ITHEKH O Cryptosporidium ZANELT 57200 2D UV P AT LEMHHT S
JABMIDWT, BR& BIEBRODAL PRI HER PV >, 2B, k. £/ 7053 0 ROTh
5OMAEHLEE) ZEMTHHEOIA M EHRU,

AEBITHBNWTIL, figured 1ZRT L DI, HEREERE D A /K ICSEIVERZ IS U7z, Tablel 12, =
O D (V) T RARY P ARG LR (Cryptosporidium inactivation device)) DEHfiT—% &k
FHHER E DB DEIRT,

i
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o - : o distribution
Chemlcal . New finlehed Secondary
additlon . waler pumps _\ dlamfection

Clearwaﬂ ‘

Ew;

Res:ld Flocculatlan Sadimentation Flllmtton ‘
mix

Cryptes Hlaluri . T

Inactivation device ST
- ‘(number dependa

. on wstam slxa)

+ Deslgn eriterla and technleal data for cryﬁwmﬂcﬂum inactivetion
davies unlts

: M i ' H ll2 i

Flow. rate—gpm (L/s) ,',‘ ‘ "+ 440 (27 7) '_j"880 (55 4)
Overall frame slze : K

(length 3 wigth x helg,ht)mm {m) 92% 49 43 b _‘92 ® 49 X 79

3 S (234x125x110) (234x125x20)

. Pawefconsumpﬂorr—-kWh o, 2.2 Ceer e 8.2, =
Treatment chambers S Two ¢ ‘__'
Surfece soregns - . L Two L o 0 :
Wiamps = - | AR 12x85WIovrpressure

' SR mercuryvapor . .
Pressura dm;:-—psl (kPa) .' e 2030 (131207} 0
Power requirements -~ © - - T ) 240V AC 60 Hz :

. Maximum pressure—ps/ (iPaj 180 (1,034) -+

3. UV light O

I—0y /XTI, FRROHEBN S UV HHESEEPKOQRIZFIFA TN TN,

- UV B S 2RI Ui W Ot A Th 5,

 FENSHIN T OB RIIEFIZE N Bf) T &, @EaX bavienz &, RO T EEHETIC
IKFERELAHERF TE B 2 &,

- VR R Z LR PR L TR,

- UVHFRORRWIERE, (KBRS ES > T Th 5,

INEDT o TIKREBIDEKE S DB B 253.70m DIEENRHNSNTNDS, KF UV i, #
A IWVADNELDT=DIT, KU BRI R SN TS, [ERDEE UV AT Ak, #%
BB B TOA— 2 2 b OB Tl Aam - 7z,

UV B, BAEBIO L 57z, KB OBWMEY ORELO-DITBRFE S Nz, 78 UV #E
KD UV BEHZHEARE D &N UV BEELED T E &5, KAO UV IREHRENL. Uv OYEHE (HEE)
ERBRFEIC X DIRES, UV L. UV TRVF—DKIEABNDEETH D, BAmRE UL
mW/em® 4720 O UV RETESIN TS, UV T3)LF—1d, UV BB 2 00 C IR &
LTHIEXNS,

Dosage(mW * s/cm’)=UV irradiance (mW/cm?®) X time(s)
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TRODFRE Cryprosporidium  FIFLIERE (CID) TH 0. C.parvum & RWTRERM O, IEF
DEREIZ. DAPI THRAI N Cparvum oocysts DEENRZ 5,

il gl

R Tl
2tz iy

I

Tho @eystosparidionm tnaciivetiza dovics (tep) wos
Wole €, paivian oosyete, b the phialo

"FALD Table2 V4 Cryptosporidium DRELEERE (CID) 2= ~ DIEFREHEAETSH 5,
ORI, BUBIKRBOEE DY X E4HNL T OBASESN TN S,

Facliity design critorla for Cryptesporidium inactivation deviee units

" Fow Rate

0.8 mgd 1.0 g 3.6 mgd 8.0 mgd " 10.0mgd
_ (0.00020 x 109 m3/d) (0.004 % 108 m¥/d) (0.01 n 109 m¥/d) (0.0039 1 108 W/d) (0.04 x 409 mP/d)

Number of GiD units

Mode! 1. Two i None : One ' None . . None
Modiat 2 , None Two ' Three - Fve | - Nine
Piping size diametag-— o . : - . L : c
n. (mm} : A . : - S
Unitpiplng : 4¢100) © . 4(100) . 4(100) , - 4(100) E400)
Plant interface piping .~ © B ; B6{200) .. 18(400) | - 18(450) DT 24 (BOG) -
Isalation vaives . : 5 Lo S T A Al
- Number, dlamster—, . PR R BT -
In. {mm) . . Eight, 4 {100) . Five, 4 (100) | Nine, 4 {102) Yan, 4 (100) 1 fightean, 4 {100}
N R : L ) Three, 8(200) @ Three 16 (400} . Fowr, 1B (450} - . Four, 24 (600)
" Fnlshed water pumps _ - \ CLo . T oo ' I s
Total head-—ft (m} -~ - © 30091 C 300 (91) ! a0 g1 - - 00(a1) i - 30091
Bullding area—sqg /2 (m?) 270 (25) : 270 (28) : 460 (43} c. BBO(B2) - . . 950(88)
4. UV I

FRED Figure2 I3, CID 71— Th 3,

EIRYID T 4 V5 —"T. oocysts ZHIET B LD ICRE SNT NS,

CID &L, UV A 14.6mW/s/cm?® per filter TH O, &7 4 V5 — LD oocysts DYRIFRHIG 5
BHTHD. LIzlS>TZD0OYA I ) O2RTFICHT 2 RIKBHERIT. 74y — %70
4,374mW/s/cm>~8,748mW/s/cm’ TH 5.
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Flow dlagram of Cryptosporidium Inactivation devics -

' Filtersd

1 valve
 (typleai)

UV tamp
(ypical)

* " acond fliter
AL .(tyg{k:al) o

: Firet fliter
— Flrat oycle flow patiem - .
=p Besond cycle flow pettern .

5. it
UV P AT LDOREHIHENSHEBT LD EBOTH S,
CID L=w b
< BIZy NESEET S OEE &NV TR
< KR TOEH WEIZRT )
c Ay FERINETHER WMEIZHTT)
Figure.3 12 1.1 X 10* m’/d O fis% O BB BRI DR ERE %217,

Cost comparizson of UV and conventional dislnfection -

Contact baain cost

B Other costs
225

8

200

3 B

Total Annual Cost—g/7,000 gai
g

20 126
10 100

=

, K . e
s(fﬁ, ov v } ' L

- & & o . o" el

For $-mgd (1.1 - 10 ~m’d) plantat2ze

Table 3 I1Z/KIR 22 BEIZ BT D/ FHIO CTEE T,
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* ’ Process deelgn criterla for chemienl dmlﬁi'mﬂeﬂ alternatives
} .

nwm@eeamz. ‘ ‘
: " fheorstleal ... thecretlesl :
Dislnfoctert  Applled  Detention - .. Applled . Detention |
 Bess Tima - €aT*  ° Desef ! o
Inestivation | mg/L mla . o min/l 0 g/l )
20g 25 8 4 NAE
3iog . 3.0 7 5 ‘NA
" Qg 8nd Cly : IR EP
2108 S2.0 6 - 2 i.o2B
Ogand NH,Cl = ©7 s ) ' T SRR
v 2leg o200 a8 a4 30 .
. LI028m012 o ' T U s
2log 10 .70 1t 40 i 28
3 log [ 038 L TOL 80 o 28
_c:ogmdwgcx , S P
J2lg oy 40 L 7O 5 t800

. *Baswd cm me d!slnfecmnt rasldual in the wmar &savmz a emmct basln md the uﬁacﬂve ﬂmﬂ { o)- 8.
. dafined In' tha Guldance Manuel for Complianca With the Filiration and Disinfection Requiremants for Publle Watm :
Systarns Using Surfece Waters, US Envivonmantal Pmtwnon Agency, (1989) TM ratlo of aﬂecﬁve cowtaat ﬂma o
* over theoretice! detention tme was assumaed to be 0,7, :
Tit was assumed that tha basa plam [&] dose af2 5 mg/l, la mum The mmcvnla doaa Im 625 ﬂmn m@
bmplthl,dmofﬁqu/L ”
PRA=nIt &pmmm v

Faolilty deslgn assumptions for chemical disinfestion alternatives

Blalpfectant Paoclilty Daslgn Acsumplions

The ratio of Tyg and Tis 0. 7 in the orons contactor,
The additional head loss through the ozone contactors can be accommodated without admuonal numping
04 and Cly An additional chiorine contact basin is constructed to provide sufflciant disinfaction contact tme.
The ratio of Ty and Tis 0.7 in the ozona and existing and new chiorine contact basins. .
The additlonal head foss through the ozone and chiorine contact basing can ba sccommodated vithout additional pumplng.
04 and NH,Cl An additional chloramine contact basin Is constructed to provide sufficlent disinfaction contact time,
It Is assumed that the basa plant primary Cly dosage is sufficlent to maintaln the required residus! for primary dislntectlon
The ratlo of Tyg and Tis 0.7 in the contact basing [new ozone, axisting chiorine, and new chioramina). .
Yhe additional head 10ss through the ozone and chioramine contact basing can be accommedated without additlonsl
pumping.
Cl0O4 and Ciy The chiorlne diaxide contact basin and ieed system are Ingtalled o treat tha raw water An additlunal ch!o«ina contm
‘hasin I8 constructed to provide sufficlent disinfaction contact tima. .
The ratio of Ty and Tis 0.7 in the contact basing {chioring dlaxide, existing chiorine, new chfadne)
The additional head loss through the chiorine dioxide ar\d chlonma comar:t baslna can be accommodated vﬁﬂwut
additional pumping. .
Cl0, and NH,CI An addlitional chiorine contact basin Is constructed to pmvma suﬂ‘iciem dlalrﬂectlon contacl fime. :
' Jtis assumad that the base plant pﬂmary Cly dosaga is 5ulﬂclem o maln(aln the required resldual for pdmary
disinfection.
The ratio of Tyq and T1s 0.7 in the contaot baslns {chiofine dloxiﬂa axlstmg chloﬂf\a. chloraming).
The addmonel%}ead foss thmugn the chi orina d!oxlda and cmoramlne contact basing nan ha accommodated wtmout
© additional pumplog. ]

6. IXb

FECO Table 5 13 IKMBEHEMRR (V> ZUEE 7 OS5I, AV LR 4 2+ b
SR, AV +r05 30, SRR, BB /053>, CD) OUEKE. @i
A b EEEA, FREEREN RSN, 1m’ S0 QU B OSSN TH 5,

BAKEMN 72 0 OFEMOREIL, 32~365 7> Mm® 38~438 F/m’) TH O, BT A MIiA
INSNFERS, BAZK RS 0 OFEBRBITHBEAAZ VT EE< Ao TS,
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tLag temipovaline Btage ftege
naetivation K i 2

a 22 04

3 22 0,

3 22 04

3 22 Ci0y  NHuCI -

3 22 Clo, NH,C

3 22 Cioy  NHyOI .

2 22 0y
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FIQURE 5{} Cost comparlson of UV and ozone for 3-mgd (1.1 x 164 m3/d) plant
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