-ZY-] =D,

0

In

No=UV X BRBRIOEGFET 3 LWk
N=UV A RBBROEFT 5 LW
k=L REER (cem2m)-1)
D, =%RBH UV HE &
WUV 5> T ORIGEEERZER 2 IR Uz, KEHEEIZZNE1-0.48 K 1R-0.47cm2m]-1 TIA
BETH-o 7,

3.1.3 RBULAERASRFADOBEOKE

B 5z, UV R LY > TV (K 5a) SIS > 7L (K 5b) OREEIEMEE O s R
ZRT, MRERTIEAMAMRFHAKDONT T 72 E LT 10°~10°CFUmI-1 & TH
o7, WEL L2 RER T, 3 HEZT AN SN KEDOEEE (<10'CFUmI-1) TH - /7,
LAL, 7 BEICIE 1004 5 10°CFUmI-1 ORIE TN 2 B2 5 - 2. BEWI S0, UV IB
W2 L TWaW, AEYERZ Do ERIE 3 BERICHMAEDBIRICHEEEL, 7 AMOHR
B REFBEORET-E &7z (AEBEHKBE) ., 20 &1, +475 BOM M A87KiR
HIZKIZHE > THD, HEREBMENEENICHBI NN -2 E2RT, TN5DTF—F13,
UV 3 OB ZHMHIT 2 &S5 3CHR (Lund &Hongve 1994) IZFET 2 M, WO HEZEHR
AT, EEREME IR K S AT AP TEEIERS E NS5 (Wricke et al. 2002) IZIERE
DHDTH D,
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Legend

@ Treated water from the biological filter entered the 18-inch diameter pipe here (dashed lines indicate flow path through system)
@ 1x10" plaque-forming units (PFU) ml ~* MS-2 stirred in graduated cylinder, pumped at 300 ml min "' into transport water

@ Extraction location for transport water to make M3-2 slurry, pumped at a flow of 10 gpm

@ 10 gpm MS-2 slurry injection location (provided approximately 4x10° PFU mi *' M8-2 for a four minute period in the 3 mgd flow)
® Sample location for characterizing reactor efluent water

® MS-2 sampling tubes and ice chest

B2 APRISRHAEREDOEY b, BADDEKONRLZS

UV 275728 > TV TlE, MHEEREICB L GRS LEBENEZ I WA, 910 uv
KGR %E 20~140mlem-2 & USSR, MAEMMSEEICH Lz, LUEBNS, UV REBAES
THMEMBIILIRTOWSE (K 4) M55 SN~ FSERICE TV AT AL 207 EE-
TD, 20, 60, 140mJem-2 D UV HFERE, ETHRAB— FOSBURHEIC RS &, Mk
SRHATREL AV THEIEL TR 2 & FUEND, UV AR BEABOY > 7)) % E R & B W T
R L7228, T HMEMOWMIH TN TH - 1=,

20 KT 60mIem-2 12 &% UV UL, REBS3MIE O [E 18513 3 BT 10°CFUmL-1 W& L
720 140mJem-2 IC K DM T, 3 BRI BB 0 1T GEIC<10)CFUmLD). Zh 50
140mJem-2 O UV BB Y > 7)UE 7 ABOBRITE 0, 0D UV BEY > 7L 0ft 5 & [l
. (>10°CFUmI-1D) 12785 77,

20mJem-2 D UV #BEZDTWT 2.5mgl-l DB 7053 2 LHAGDEEE, {SEHBUT
DOWEYIREIR D, HEENS N ENBEINE (10'CFUMI-1 BLF) . 7 B ORI B 2
IRE 7052 VREL 0, 3, 7 HOKERIZBWTENEN 25, 1,0, 0.5mel-1 &725 7%,
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1E+0¢

=fi~= Chloramines for 80 minutes

= A= Chlorine lor 1 minute followed by chioramines for 60 minutes
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==& Blologlcal filter effiuent = €= Biologlcal filter eifluent with UV
emm e Blologlest filer sffluent with UV and 60 min chinramings & Biologleal filier atfluent with 1-min chiodna and 80-min chipramines
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LD DI METRNW T LIIRENTH O (Stewart et al. 1993; Malley et al. 1995; Liu et al.
2002), UV H#IEE < OFEEIC L THERINREM A BIRTKOWERINE /857255,
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FRAEOHDHEAD,
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MR R ORIERD OBROTTREE 2 2 2 (Jabb, EHERE & OO R/NME) BT
HIRTHDEBEETENE LA,
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No.71 2nd Asia Conference on Ultraviolet Technologies for Environmental Application (2004)

Y 2 HR=NORERVFREICHITDRIMMEBOEMICDNT

Ultraviolet Application in Singapore—Current Status and Future Trend in Bater Production

Nicola A.Ballester , James P.Malley Jr.
VOHR=IIZBIT BARE

400 FADAETERKKROTERAE LT, 2 HR—=)VT 140 F m3/HOKEHEL T3,
ZON, #150%% LEMKNEDD, ZOWN, ¥50EET L — 775 Public Utilities” Board’s
Jorhor River Waterwork 78, JR7K&E U THAL TW5,

KOBERAE, WARKKIZHEAR, EREIZEDTHEA, HHFEERS 14 TTE, KOH
ARAITIE. MF I, RO B, MOMESNBHFE O A SO, KARITHOHIE THW SN
TWB, Y 2HR=IVTI, 2012 FEETIZ, PO HR—IVOKFEED 15~20%% DD EBb
N,

2 RINFRAK DSRI3 HH

2 RAUFKOENREHE R OKIE, FELD 3 DOMAETHWSENS, ()ymHL kEHKQMF
JRIZAG /K (MF RALEE DR ERIC T, RO B ZTTW, & E OKE 8IS T 5)3)E Kb Tk~
DR %

SOV > AT Table 1. Design parameters of direct UV disinfection of secondary effluent.
OE i OB EETED Design Parameter Unit Design Value
1% Tablel KR, | Lo Sespended Sl mel 0
BEHERETHED UV3s37 nm Transmittance T% >65
2, AR —F—% Capacity m d! Up to 13,000

UV Reactor Type Open channel

BEL. FERIOARNL— Channel Length m 8
FomEC. BB [ :
WOA L —F—%% ;irrr;%;ygfe Lamp Per bank %(()) v pressure Jigh ouipt
Bl i L e e i

ZOMETI. SRIVREFE B OKE, SKEKE L TIRATET, BERM OB, KO
FEIZFHALTWS,

MOBFITIE, 2 KUK PEIRIR D > 7% AT RayOx P AT AT, SRSV H £ 5
il TWD, Ok TIEEES R IBE SR IL. 2~1.060mI/cm”® OHIFHNTHIEL THB O, BRI
W AR Z T TS, TOYRAT LAORBIEIE. 2mYhe THO ., AU —T O EHBILEE A
EHLTWD,
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KEDOW, SEHMRIBEITE D, THER  Figure 1 Influence of o i T

flow rate and UV power

j}ﬁ@%ﬁﬁﬁgi U . NOZ—N Z‘)\ﬂﬁ /}\‘3— % density on changes in

NO;-N concentration of

B h 4 U T 5 (Figure.1), fltOKE Eﬁ:‘lﬁ?%gfmm
FHHTIE, REBEEIREZT 5N
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w
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6 D 1kW LT > 72K S, HEN Lim’/hr OBXIZ. NO,N BENRKIZIZ>/Z, T0
BRI, JEKH D NO,-N IBEEAY 0.04-0.12mg/L %t U . 7K D NO,-N 18 4% 0.09-0.62mg/L &785
7275, USEPA @ 1mg/L ODFMEMLLT T o7z, Figure.l IRT I DT, SRIVRITREN & & IR
DRI, BEBERIZH S,

MRS (HPC) O%r  DEuel UV power donsly

and flow rate as related to 6 : HPC
. P oir == removal of heterotrophic 5 R
& Figure.2 IR, IR plate count from secondary Ea- - - _ .
N ffluent (Xie et al. 2003). E .
kD, 1,8~5.5l0g DL e (iectal 2009 3, H | HHHM_M ,
5 :
BENTWS, RECED. % -0l L annl
~{FR=1.1 . |FR=1.5m3/h FR=2.0
SRR RASRE D, I L e mah
WMERIFTTFERE/T->TNDS 09173452 07132740 05102029
UV Power Density (kWh/m3)
ZEMWHhMN5,
B4R\ OIRNBIER O
2 KILEEK DS D
. Secondary N N Auto-
HAKERGT S WTP [P Effluent “| Feed Pump ”|  Strainer
l; A ﬁ EE 7j( bi Chamber
7] ~
dual_membl‘ane 71:: & NaOCI Dosing i NaHSO; Dosing S,:g?:ﬁ:- —’4——‘ . g
, 7.3 “E
> N N ] Q
Z V&, MF JRALEE 72 \\BO ) ROFeed | & | ME Permeate ;
RO RALEE 217> 7= Mem@& o Pump . Tank B \io{t(inuous
| - F Fy |
O) B N U;é:&*;%}% ﬂ%?@z 7& ——b{ CMF CIP System “ I Anti-scalant dosi;\g K
75, Figures 1AL
B7OvA%RT, p| Final
& UV System Product Waste Sump [+

Figure 3. Block diagram of the water reclamation from secondary effluent (the MF is either
the Continuous Microfiltration system or the submersed suction microfiltration system and the
UV system is either low pressure high output or medium pressure unit).
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Figure.4 1Z/R9 7
HEZATHENT,

multi-barrier 12 0,

Reverse Osmosis

T A QLI K D 15 Gy =
Contaminant’ Ceontaminant
;5‘: Iyi 1 v—C V) ZD Remeval - Removal
© . -
R @ Turbidity ® Protozoa
10 000m3/d O)%Eﬂ: : = Protozoa = Bacteria
’ & Bacteria = Bacteria = Virus
» Particula = Virus @ Enzymes
%Eﬁ‘: cl: D N %H%‘é s v;:mm;:u e o Particulate
5 » Enzymes | ° Iénzyn}e
I a Tganics
H UL D PERE - nganica

FERBHE. Table2 IZ5R L T
. B Figure 4. Multi-barrier approach for removal of contaminants in water reclamation process.
TR DOEHRE Different MF, RO and UV systems might be employed according to local conditions.
LMLz, TD3D

DHERR DB i EE /113 96,000md TH 5.,

Table 2. Capacities of water reclamation plants and UV systems employed after the RO
member unit operation.

Water Reclamation . In Operation
Plant Capacity | UV System Since
(o &)
2+1 units of PHOTON®
A 32,000 Medium Pressure system January 2003
2+1 units of PHOTON® December
B 40,000 Medium Pressure system 2002
BX 1200, Spektrotherm® HP
C 24,000 | lamps, Low Pressure High May 2004
Output
D 40,000 | To be determined 2006

IS 3DOHAENBMRICENTIE, 2BEOENR L AT LADEAIN TS, ODEDIE,
BHIEIES > T ThH0, OZ0D 2212, RES > THRHVWLN TS,
ERETEER Table.3 IR,

Table 3. Design criteria for ultraviolet system for disinfection in water reclamation.

Water Reclamation Plant

Parameters A B C Remarks
UV Units 2+1 2+1 2+1

Lamps per Unit 2 2 UV system is
Power per Lamp (kW) proceeded by
Lamp Life Span (hours) 35,000 35,000 80,000 automated
Feed Flow Rate (m® hr™' unit™) 1,000 1,000 1,000 ;:g“;‘l‘:r’nﬁi naend
Max Feed Pressure (kPa) 100 100 100 unit operations.
UVy53.7am Transmittance (%) 90 90 90

Min UV Fluence (mJ cm™) 60 60 90

Virus Reduction (log) ’ >4 >4 >4

Bacteria Reduction (log) >4 >4 >4
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T 2 THEMIND D E T, 60mljem® DEENREZRE L, Dia< &, dog BLEORFHLNES
NHEIFETENTVW S,

Table4 IR &L DI, MF B, RO BEALEIC L D BRI EIETERICiRE SN, F, Tables IR
TEOBEARBEBRBRALIT EINTWS, 60mlem® DEIHRIBREICHBWT, MS-2 XiE
W77 =500 — hd. Tlog LA EOARIELAE 5072 (Figure.5) . ZO#EHREI D MF K, RO
B, SOV EICE D, UANA N7 UTY RHEEOKEEHBIZBWTOEMLEOKNES
NTWBEZENDns,

Test la: 6.65x10° pfu/100 ml
Test 1b: 6.75x10° pfu/100 ml
Test 2a: 2.16x10’; pfu/100 mi
Test 2b: 2.47)(107 pfu/100 ml Test 2b: 2.00 pfu/100 ml
Test 3a: 2.50x10" pfu/100 ml Test 3a: 19.0 pfu/100 ml

Test 3b: 2.33x107 pfu/100 ml UV Fluence Test 3b: 5.50 pfu/100 ml

Test la: <0.5 pfu/100 ml
Test 1b: <1.0 pfu/100 ml
Test 2a: 1.50 pfu/100 ml

Figure 5. UV disinfection challenge tests with MS-2 colliphage surrogate at flow rate of
200 m® hr™! (modified from Poon, 2002).

Table 4. The reclaimed water quality in comparison with USEPA and WHO drinking
water standards/guidelines (Ong et al., 2002).

Water Quality Parameters R?;Z?;Ed USSE;’:I‘:lmO
Physical
Turbidity (NTU) <5 5/5
Colour (Hazen units) <5 15/15
Conductivity (1S/cm) <200 Not Specified (- / -)
pH Value 7.0-8.5 6.5-8.5/-
Total Dissolved Solids (mg/L) <100 500/ 1000
Total Organic Carbon (mg/L) <0.5 -1-
Total Alkalinity (CaCO3) (mg/L) <20 -/-
Total Hardness (CaCO3) (mg/L) <20 Not available
B Chemical (mg ")
Ammoniacal nitrogen (as N) <0.5 -/1.5
Chloride (Cl) <20 250/250
Fluoride (F) <0.5 4715
Nitrate (NO;) <I5 -/ -
Silica (8i0z) <3 ~/-
Sulphate (SO4) <5 250/250
Residual Chlorine (Cl, Total) <2 -/5
Total Trihalomethanes (as mg/l) <0.08 0.08 /-
Metal (mg I'')
Aluminium <0,1 0.05-0.2/0.2
Barium (Ba) <0.1 2/0.7
Boron (B) <0.5 -10.9
Calcium (Ca) <20 -/ -
Copper (Cu) <0.05 1372
Iron (Fe) <0.04 0.3/0.3
Manganese (Mn) <0.05 0.0570.5
Sodium (Na) <20 - /200
Strontium (Sr) ) <0.] -/-
Zinc (Zn) <0.1 573
Bacteriological
Total Coliform Bacteria (cuf 100 m/") Not detectable Not detectable
Enteroviris Not detectable Not detectable
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Table 5. Summary of reclaimed water microbiological results at the demonstration plant

(Ong et al., 2002).

L0008
(5 ]| B §
Parameter Unit " = = S|l Z%
= q 8 |cE|lc8| o8
= b= p Zwn|ZA|ZA
Faecal Coliforms cful00m/! | ND | ND NC 99 0 99
Total Coliforms cful00m/! | ND | ND NC 99 0 99
HPC cfu 100 m/’ 1.1 80 52 97 80 17
Coliphage-somatic'” pfu 100 m/’ | ND ND NC 87 0 87
Coliphate-male specific” pfu 100 m/"' ND ND NC 87 0 87
Enterococcus cfi 100 m/! ND | 2E-01 NC 99 1 98
Clostridium perfringens cfu 100 mI” ND ND NC 91 0 91
Giardia cyst 100 7 ND | ND NC 16 0 16
Cryptosporidium oocyst 100" | ND ND NC 17 0 17
Enterovirus present/absent - absent | 21 0 21
(1) These parameters are additional to those listed in the USEPA and WHO standard/guidelines.
(2) ND=Not detectable; NC=Not calculated.
REKIZ BV B SRALE R —RaR
AR, REUKEHIGT D 6 DOHWIKIBA B B (Table.6). T35 DIERIC BT,

FHEBZWHEAMEL T, AV HWEHA, 705N FIHIRTWS, BIVRERIT. /Eko

HEA

THRNRHELZEAT D EIIHENRH B EEON5,
FOMRIBHZEAT DYDY, TEROFIHEBONEND 5. (DEWRER OBFEQ)FETE
BB KOV B ET T & B ARFIE(3) S A B DN AR D ARGR () AL X Nz Bl D 7 )V 2 o — )L g~

DEA

Table 6. Water production capacity at different waterworks.

WCHARFENH 0, JRPI—0y RIZBVWTHHEANEATHED., 2 AR—=izBn

Design Capaci Prima
Waterworks (thougsand Srfd'tl}; Disinf?ctant Remarks
WWI1 135 Ozone N
WW?2 72 Chlorine gas | Production
WW3-Phase I 270 Chlorine gas | variesineach ™
Phase 11 270 Chlorine gas Eilfr‘fgz‘;dwﬁh B
WWwW4 360 Ozone . operation |
WWS5-Phase | Chloramine protocols. N
~Phase 11 1,125 Chloramine N
-Phase 11 Ozone
WW6 200 Chlorine gas :
Note: UK gallon
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£ BT OBASE

EYRRESHE,. T — 10 /S(ONORM,2001:Cabaj et al,2002) % JLK(USEPA, 2003: MAlley,2000;
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No.72 2nd Asia Conference on Ultraviolet Technologies for Environmental Application (2004)

SRELVkO BN EHB— LB, BB, 83 =2 bS5 Y 7EIE U5873-1, H5873-2 DIH
UV drinking Water Disinfection-Requirement, Testing and Surveillance : Exemplified by the
Austrian Mational Standards M5873-1 And M 5873-2

Regina Sommer, Alexanader Cabaj, Thomas Haider, Georg Hirschman
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OFEHN DTN QUG RINE <. SUSHI NGB/ W@pH, BB KT U W@ORIFIZE:
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Table 1: Some characteristics of low and medium pressure UV systems

Low pressure Medium pressure
UV-radiation (spectrum) quasi monochromatic polychromatic
253,7 nm 200 (240) — 400 nm
Energy consumption of the lamps low (40 -100 W) high (e.g. 7kW)
Water flow lower water flows higher water flows
(< 1000 m*/h) (>1000 m*/h)
Percentage UVC 30% 10%
Heat development low high
Influence on water components so far known, no changes Nitrite (< 240 nm)
Assimilable organic carbon
(AOC)Y?
Gentoxic effective substances?

BES T EPES T DERN

KET > 7 OEYiRRE OB FHEIL. FET > TICTHEATEETH D, £ DRI, 253.70m
1A% U 7= Reduction Equivalent Fluence & U CaHli & 4115,

HIES >3, ENEAT DD FROBHEHETLEND 2. OWEY. EWFiasto
I B 45 O SRAVERTIH M@t SR A ) & [Tk D SRSV B 2 3 D RN 2 > U — Qi UK & R A
DYRIVRB B R T E Y IS

HIES > T ICBN T, 240nm LN O EICBWT, Mg E£ERT 58S, AOC O
IR, FHIL W E N AT B TR d 5, (Haider et al,,2001. Haider et al.,2002. Haider et
al.,2003. Ijpelaar et al.,2003)

£

LR BORNRMENE LT, M2 KIBE 7 7 — N7 AU ATEHAWS NS Z &A%<, 9
— v /ST, Bacillus subtilis spore & 5 T &EME 0, TN 6 OMEY ZRNAREE ICTRES
B, SRIMR B G DI R log(N/NO) (NO @ #THIREE. N: BNRORE) Z2HHL. TofEk
V. 253.7am ICBT BIIEMFRZE NN T UV253.7m, TORMRBREHN 217725, JORNMREE
Reduction Equivalent Fluence(REF253.7nm) &5, (Cabaj et al., 1996)

REF i3, B EIC XD REHREN M ORI —, FIVRBEBRR, 5 THIFEITEEEZ TS,
ML > T OEE. 4 OB EICE D HAEYOENBRIEDERICA S,

TE 8
L. EWraEst
REF 2519 572010, EEREDEREITH W TERIMRITH T 23X B BER O A 2 Hn o n
TWnwa,
2 . Reduction Equivalent Fluence(REF)
Bk I T &, EREIEHWT, RE LSRRG E N O IREHR R, (I/m®] D&,
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3. Reference irradiance

SRR B PN ERE U - MR o —IC X B EH S - R 2. TW/m2) DOFKEd.

Reference irradiance I, SRAVERIL ), SRSV A, (RFE X U — 7 N DS R I HE % 5217 %,
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6. ZoH—

Reference irradiance ZJE T % /2 DBHOLHE T AT A
7. Reference sensor
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_ Figure 2. UV-253.7 nm inactivation of pathogenic (poliovirus, rotavirus) and indicator microorganisms
¥ ¥
D 171‘;113 571‘ ﬁ%i 7F iﬁ 'ﬂ: E{:E lfﬁ % N (bacteriophages PHI X 174, MS2, B40-8 and bacteria E. coli, and spores of B. subtilis) under controlied and
9, Figure3 IKRENH LD
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Figure 3. UV-253.7 nm inactivation of seven pathogenic E. coli strains, including EHEC O157:H7 strains:

.. . CCUG 29197, CCUG 29199, CCUG 29193 (29
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Figure 4. Principle of the analysis for the evaluation of the Reduction Equivalent Fluence during biodosimetric
type test.
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73, 352nm T, 8000000J/m 4.5 . Spores Bacillus subtifis ATCCB633
(C-spores)
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Figure 5. UV Inactivation of the ONORM biodosimeter (spores of B. subtilis ATCC 6633) at different
% R .ﬁ- . . wavelengths.
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Figure 6. Spectral sensitivity (relative to the wavelength of 253.7 nm) of Bacillus subtilis spores ATCC 6633
used as biodosimeter in the Austrian National Standards M 5873-1 and M 5873-2 expressed as wavelength
dependence of k (UV sensitivity coefficient) and d (shoulder broadness coefficient).

REF RIE 7= O 4 Pris B

FEHEMEITBNT, IR DY > TV E 5 BEIR L /.

Bacilulus suntilis  spore DYRBEFTANIT I, FRUEIEREEHLIT pour plate £ Z AWz, 37£1CITT 48
+4 RFEEFZE L. AHGAICK D, 1D E, 20~200 030 — N ED LD 3 MUICHEML 7,
TGN —ThNE, SHEOY > TV OERERZET 02 OFPICINESITT TH 5,

AHABROFENOF T, EYRBE OEIVRAHECE L Tk, ReEtt2RT 7o, basd
2 A, AWRRER R EOHBUKICHT BNy FERET O LERS S, oKz, zh
. 200,400,600)/m* DERIMRBERE U2BA . kd OMEA, FRTRUZEERNTLEROM
HNICIREZ E b5,

1t
[Z1}

SR BRI OO T 7Bl B O 20
1. REF400J/m” %511 % Reference irradiance M DR RR R L DKL B L2k 0. AHEE
FRHiPH 2 3218 9 5, Alarm point & JEA% 72 @ X #IPA 1L, & & reference irradiance 20 515 54157 —
FILEDRESND,

2. OV OEER OB FEIRICBWT, INSOHEANRE R 5 X5 EBbnbs,

428



