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Photobiological effects of polychromatic medium pressure UV lamps
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Figure 1. Log Normal Dose Distributions for Two Different Standard Deviations. Mean
Dose is 40 mJ/cm’.

50 T T

- Reactor A: SD = 15.9
45 | wamm Reactor B: SD = 42.5 [
40

w
4]
T

W
=)
T

Bioassay Dose Equivalent
N N
=} o

-
4]
T

107 107" 10° 10"
Inactivation Constant
Figure 2. Bioassay Eguivalent Dose Versus Inactivation Constant for the Two Dose
Distributions Plotted in Figure 1.
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Figure 3. Plot of log inactivation for varying inactivation constants for the two different
dose distributions given in Figure 1.
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Figure 4. Dose Equivalent for Microbes with k=0.2 Versus Reactor “Dose” Seiting.
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CFD ET V& H Wz 4 DOSRMNRIREHE & DME 5 1172 (Buffle,2000), 5512 £ B ORI T % %51
MRHEEAEA L, CFD EF )V EHWT, MEOHEZT /. METOMEIZ. xyz)D
B TH S 35, RIMRTRE L Jacob & Dranoff(1970)/3BA ¥ L 7= Point Source Summation
Method & HWTIREL /=,

Cryptospopridium. KB . Hetatitis A virus ,rotavirus.MS2 bacteriophage. adenovirus
DANEAL SNSRI T H % &N 5, NELE LT (Wright and Sakamoto,1999) 2 i F L
Too BEAKH OSSO HBINEHBIZOQXTEREN S,
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ZZT. NIZHED ORI RNBEOMEYE TH D, Nof kf Nop,kp IdEKTH 5,
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Table 1 IZEERICHWEZEBEFIREZRT . Reactor A 1d. Chiu 5 EFkEIZ, KFKES T2
FEICEANLIZHDTHD. Reactor B,C I, 2 D0HMES 270X 70—I2%EL., C T
W3S SICERBANOKEENOWFEETT 57, Reactor D Id. N LTI 8 ADEESH T >
TDOREEIT DT,

Figure 5 id. H¥NFERBT LD, FNBREBEDPHERLIZHDTH S, Reactor Al EBE
BERAOFEMIRIZE D, SIS & 785> TWb, ReactorC 13 reactorB 12N, /KIS Dk

BETOIZIERED, GUANT T T70RBEHL TWD, Reactor D 1d. RFETHRN TSR
DRMHEL TS,
Table 1 - Descriptions of UV Reactors Analyzed
Attribute Reactor A Reactor B Reactor C Reactor D
Lamp Type Low Pressure | Medium Pressure Medium LLow Pressure
Pressure High Output
Germicidal UV 13.8 424 424 34
~ Output (W)
Arc length per lamp 76 25 25 91
(cm)

Sleeve O.D. (cm) 2.44 5.08 5.08 -
Reactor length (cm) 62.5 200 200 100
Reactor width (cm) 41.25 - - -
Reactor height (cm) 62.5 - - -

Reactor I.D. (cm) - 30.5 30.5 20.4

Lamp array 5x5 1x2 cross flow 1x2 cross flow 8 lamp
staggered No flow modifier | Flow modifier
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Figure 5 — UV Dose Histograms for Four Experimental UV Reactors.
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Figure 6 — Dependence of the UV Dose Equivalent on the Microbe First Order Inactivation
Coefficient for Reactor A at 434 GPM.

199



Table2 Tid., SRHERIHE DKWY Cryptosporidium A 5 S ERITE D & VY Adenovirus FTOMAE
MORNELEHRZEZRL TS, £, 3 FEOBKICHT 2 EMERNEEHREZLL TS, &
B, N=Nofexp(-kfD)+Nop exp(kfpD) OIZHELCTWVWB, ZOHFT, ORI, MEDHE
MOREZEF L TWBEA, 2 FH ORI TITHE LEMEYOANEILEZRL TWS, B
SINT, RLFIC A& U A O AREALEARZ II3R S W 7 D727, figure7 IZRT &
DITHITE— L& HNEREEICX DE S NRMROHE—ISE R ICHER T 5 RN ES
NTW5, Figure8a Tld. reactor A WD Table2 IT/RT AW D — R AELE R & F MR/ R
EOHBEZRLTNS,

Table 2 - Microbe Inactivation Kinetics (Note: Do = -In(0.1)/k

Microbe k (con’/md) D1 (mJ/cm”)

Cryptosporidium 2.30 1.0

E. coli 0.677 3.4

Hepatitis A virus 0.307 7.5

Rotavirus 0.230 10

MS2 phage 0.128 18

Microbe Nor k¢ (cm?/md) Nop kp (cm*/mJ)
(CFU/100mlL) (CFU/100mlL)

Primary 4571136 0.875 12209 0.0807

(TSS=68 mg/L)

Secondary 225840 0.540 720 0.059

(TSS=5 mg/L)

Tertiary 64236 0.557 13.6 0.025

(TSS=1.5 mg/L)
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Figure 7 - Wastewater UV Dose-Response Kinetics as Determined Using a Collimated
Beam Apparatus.
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Figure 8 — Dependence of the UV Dose Equivalent and Hydraulic Efficiency on the Microbe First Order Inactivation
Coefficient for a Range of Pathogens of Concern in UV Disinfection, (a) Simulation of Reactor A Treating Water with a UV
Transmittance of 65%. (b) Hydraulic efficiency determined as the ratio of Dose Equivalent at k to the Dose Equivalent as
k-»0. (¢) Simulation of Reactor A using the CFD Particle Track Data for a Flow of 1301 GPM Scaled to Other Flow Rates.
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OHREBDT—F % FIZ, CFD EFINIC LD, BEE A7 —IVELIE, TOMOREDEEZE
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N kDI MRBEICH LG T2 HDTH D, %@f@ IRIMR TSN RIBIRRIT L DB 22T
B8, FWHOBEWZED, KEFERNE(T B,
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Figure 9 - Log Inactivation of Various Pathogens by Reactor A Treating a Flow of 434
GPM at a UV Transmittance of 65%.

1.2
i O Reactor A - 1301GPM
= 1 B UVT = 90 % >X Reactor B - 500GPM
=2 O Reactor C - 500GPM
L < Reactor D - 877GPM
3 0.8 @8 <>
© <
a o -
5 0.6 - © <o
= o
= °
S 04
i > U O
@ > e ]
3 >
S 027 >
-3
pove J
o) . ; , .
o 0.5 1 1.5 2 2.5

First Order Inactivation Coefficient (cmzlmJ)

Figure 10 - Comparxison of the Hydraulic Efficiency of Reactors A Through ID as a
Function of the Microbes First Order Inactivation Coefficient.
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Figure 11 — Hydraulic Efficiency for Cryptosporidium Inactivation as a Function of the

Ratio of Minimum to Mean Dose for Various UV Reactors
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Figure 12 — Prediction of Reactor A Performance Disinfecting Various Wastewaters.
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DHEEEITS., T tabled £ 0. MS2 I3, —KUHEAKPDKIGEIT K2 FMAREITILR, EHR
BRMHTHE, @AM IN, ERETHE. BXEHMEINSE Z & bns,

Table 3 — Comparison of the Dose Equivalent of MS2 to that Associated with Primary
Wastewater Disinfection by Reactor A at 65% UV Transmittance.

Ideal Dose (Iavgxt) Dose Equivalent (nJ/cm®)
(mJ/cm?) MS2 Primary Wastewater

100 39. 59

20 15 12

Figurel3 Tid. Trojan UV4000 & W T, pilot EBRZITH R EZRL TS, Figure 14
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Figure 13 — Bioassay Challenge Results for a Commercial Medium Pressure Trojan
UV4000 Reactor.
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Figure 14 - Bioassay Challenge Results for a Commercial Low Pressure Trojan UV2000
Reactor.
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Cryptosporidium parvum ORFELIZ RIFZTRARBEORE
Comparative effectiveness of UV wavelengths for the inactivation of Cryptesporidium parvum
oocysts in water
K.G.Linden, G.Shin and M.D.Sobsey &

1. i

Cryptosporidium parvum OAR{EALIZBEL T, 210~2951m DX ED REKEE T > TR NH
LI EMHMAENTNS, AWAFE T FWEIT Inl/cn’ OSEIRIE 21T - 2 F58. 250~275mn
DO EITEI L T 2log,, BEDAFILDRNE SN, FOMOBEESICEL T, 2log,D
DRGS0 7,

2. SER5%

C.parvum A —3 A  (Towa #£) td. ID, Troy. Preasant Hill Farm K OKRLU=H D%, Hi4Y
e E BRI KIS, RBIRET, 5CICTREL. BRIV 2 - AURIKERA L, A—2 X b
DOIE BRI, Madin-Darby canine kidney (MDCK) cell cul ture #EICEDEBL, F—T A D
EEOESWIZE L T, BMEHEICT, SN E D C Parvun DIEENRD 5Ny 2T
WD ZE VLT, Thomas RICHLD MPNHEIC L DEH L 7=,

SmL @ PBS MEIRICEAMN L7z A— A b & ~105/ml 12725 X DL, 60X 15 mm O M UL
KEBEL, XTEXFUIAY =5 =2 DBONTEBE LS, S5 4535 (Calgon Carbon .
Pittsburgh, PA) Z T, SEMRIRER 21T o /2. BEEBK TH. U2 IV RIREEE X
DXL, 10 B0 2ERL T, B3Oz -7,

SR IRHRIE S 7 ¢ )V & — (FS10-50, Andover Corp, Salem, NH) Z C. parvum O RIEAIT AR /2%
EER§Is20HLE. 87407 —. 0m OFEEE2ELB., Thth
216, 230, 242, 255, 263, 271, 281, 291nm D RICTE—T 2 AT 5,8 7 4 Y — DK% Table. |
IZRT . BIEERICTA—2 A ML, Inl/cn OENGR 2 I8E U7z, $EMETRAEIE. potassium
ferrioxalate fb N Bt & W THIE Uz, FHEMRERKNEDL, Y 7V KOBESZERICA
1. lamberi-beer DIEANCHDE, B EITo /=, /2. XM E (Spectral Instrument
330, Spectral Instruments, Tucson, AL ZHW, 7 4 Ny —ZDFZEBLZEEDO N EERL /=,

Table 1 Characteristics of bandpass filters

Filter Peak wavelength Half peak bandwidth Fiiter Peak wavelength Half peak bandwidth

214 216 211-220 260 283 258-267
228 230 226-234 270 271 266-277
239 242 236-247 280 281 276-287
254 255 250-261 289 291 286297

3. MR

Figure. 1 IZ5R 9 & D512, 260~270nm D EIIZH W T, 2nl/cn’ DIEHEREIZ T, 1.8~2.3 log,,
DORFEALRN RN G SN2, TNLUNDOFEETIZB W T, 250~270nm OFEBIZ LR, AiELD)
RPENT EAMR I N, ZORNMBEORER)ZRIL, E. Coli(Gates, 1929) THLENTMHER &
FUMEHMICH D, 2O EXD, MOMAEWORIELHEREFEFR. C.parvum BERAFITR D, K&
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Figure 1 Relative germicidal effectiveness of UV wavelengths for inactivation of oocysts by 2 mJ/cm?

4. &
INZ TV TRTAINAITHR, BEWHE T C.parvun OARELIETEETH 5 DT, C.parvumhuk

RiEEZEEBLUTHOEBERINCRERERTIAE W, Tl &k, %%ﬁ%ﬁ’&%ﬁﬁ:@f%%
Eid. &0 ESERIMEEE T B EY (rotavirus, adenoviruses 25) Z%HE U T, S EH
HEOREETOLERD S LEDND,
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BEETFNERORMRRNEROERIBERCSHEEICDONT
UV REACTOR CONCEPTUALIZATION AND PERFORMANCE OPTIMIZATION WITH

COMPUTAIONAL MODELINGC
Marc-Olivier Buffle &

. BHE

A MIBHRENICET 2R RBEIRARECHMNGROBICLDO RO NS, LML,

ERICE, ERRFOZBNSL0T, EnfEL D, PnEEL DS, BRBITER RN

MMEZ KDL, FMEERENORBZLETILENDH S,
SABMOBFmMEHEETT I (CoDIMITED, k&2 s 1 TORMNGIRFEBENRFT TN, E

BEOFER & D LBRENITON TN S,

1

2. RUBIC

FABWHEEL, HEHBTOEVLOND (THOMEZIWD AN, BEOKD DITEMAR
MELEL> T MliZzfT>TWB, LML, Figure L ZARTEDIZ, ZBNITERTH D,
ARSI E TR, THRNREBICIOREF 2T TH, BEREB D OARELME
RBEZRBICHEDLZENTERWN,

BEBEHEFOCHED, 450
NAFT A %2T5 T ET, a ;gg
EEOEMEERT &N 8 a0
BTHY. EHEARRCT 5 20
WEETHNETIAN, g f‘g‘;
EEOERE#EICHZD. N E 100 2
A AT vEALETDRIZ. 3 o 50 4
A RASHDD L RO RS 00’ g
BRIk B AIEIEEE 2 7 o] Dose

BE72 FIEOMIENRD 50,
CoDiM(Computational Figure 1 Dose distribution curve of a cross flow system (Chiu et al.,1999).

Disinfection Model) WER I N/=,

RABRERET I
SEEAGHIZEN T, RiElkoRXE FadoksickREIN S,
AN v
dt
(N:OCEREE . 1 SEAVRRTREE .t SRSV AR IR I D)
LML, EEOBRABREBHEBIIBNTIE, BOENBRIBRBREEZRDD D, LD
TFERANYSEN TN S,
Scheible (198D &, BENO WU BEIZAN, —KRELETF IV EERLEZN,. #

ML R OB I, EHNTERN S,

209



