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No.8 Water Research Vol.36 (2002)
B O RGN FAMIC £ 5 Giardia lamblia & Giardia muris cysts OARIELIZHR T UV OB)R
The effect of UV light on the inactivation of Giardia lamblia and Giardia muris cysts as determined by

animal infectivity assay (P-2951-01)
Alexander A.Mofidi 5

1. %

ZOWRTHE, ETUT T UFHRXI ECD-1 7T ZORKGAEIZL D, Giardia lamblia &
Giardia muris cysts ORIELIZHT D UV HROFEREZRE L, UV IREIHZL D 2 2 N OGS
REDIRIEBMERGE (MPN 1) ICk> TERILL 2o EBRIINRF AT —)UT, ABLERAR
KIZREB LU AMIHLUT, Y A—FME—LZEEUV 7 7TN5HBH Lz, Glamblia &
Gmuris A MI UV HFRITH L TOWINBERROBEZMEER U7z, 3mlem® T, ZOfEIZK
BB UV BUSHIORREHMEX D B 10 fHEWRE TH D7, 2log (99%) DORIFLBEM S Nz,
INSORRNS, MOREBHYCMED UV ICH L TRBROBOBEEER> TN &S
LaiomeGET — & SR TEASD &, SEVkO UV iEER, RCLVoa bo—)uicxl
T, UVHRO 10U LEBERTE2TANVAERET S EiICk>Tar ha—Vg52 &0
TEDHEEZOHND,

2. ik
2. 1 UV%E
7 OE KEUV ST

2. 2 EROHEK
s NF A=)
- UV IBHHRE 3 ml/em®

Lamp Enclosure 4

Collimating Tube w/gm

F‘ Lnd
Radiometer
{measures UV light
irradiance
) 6 cm {2.4 in.) Petr] Dish
{10 mL Giardia sample)}
Fig. 1. Collimated beam appuratus. Fig. 2. Petri dish irradiance pattern for Giardia tests. Note:

: . 2 .
values shown are relative units of mW/em~/mW/iem=,
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2. 3 Glamblia XX Gmuris D AF Hik
FNENTRROBEMH L7z,
@ Glamblia
WB strain 1 71J)V A YU —KD DrMerle Olson 75 AF
ZOWIT 1S FLLERTIICY THZAY O TRELIZE "D SHEEL ZHDTH 5,
@ Gmuris
Roberts-Thomson strain ~ : US EPA O Dr. Frank Schaefer & 0 AT
ZOMRIE T T UNLAY — NSRBI N2 B DT, 1976 FLIET U A THMEETE S
NTERELOTH S,

2. 4 FHmHIE
UV HBHC &% o 2 PR OWANG, BHERBEDISAICL D ER{LL /.

Si

3. KR

HERERE D Glamblia & Gmuris (EWTNH UV OSBRI L TEWREZAEL TS
D, UV IBHICHT 2 REITRBETH -7,

LIRS Nz =408, MOREBYOMES uv IENSE U TEU L -aREZE LT
WBZ & LT, Bk UV EFEL, FEOHIHEL AN U 10 550 L0 UV RS2 0N E
ETBTANARKLOGIHTELZ LN STz,
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Table 3
Summary of G. lumblia tests

Test name and Average Time of  Corrected  MPN Volume of  Most probable number (MPN/mL)
sample 1.D. irradiance exposure UV dose  3-host  highest
(mWiem>x 107%  (5) (mife’)  code dilution
(mL)
95 Percent Value 95 Percent
Low High

L1 A? i 430.4 0 3.2-0 0.002 731 2120 6180
B 25.7% 20.3 0.41 3-3-2 0.2 128 550 2350
C 28.2° 128.3 2.84 0-0-0 0.2 N/C <13 N/C
D 29.4° 260.2 6.01 2-0-0 0.2 ] 5 19
E 289" 430.3 9.77 0-0-0 0.2 N/C <1.5 N/C
Fe 0" 0 0 0

L2 A? 0 113.7 0 3-3-1 0.002 5200 23,100 103.000
B 8.72 217 0.15 333 0.2 N/C > 550 N/C
C 8.38 43.0 0.30 3-2-1 0.02 208 747 2680
D 9.07 86.2 0.62 333 0.2 N/C > 550 N/C
E 9.32 173.1 1.27 3-3-0 0.2 34 120 429
Fe 0 0 0 0

L3 A 0 465.3 0 310 0.002 521 2140 8770
B 8.32 78.3 0.5 320 0.2 12 47 188
c 8.35 155.3 1.02 200 0.02 1l _ a6 185
D 8.25 3103 2.01 0-0-0 0.2 N/C <2 N/C
E 4.25 465.3 3.02 0-0-0 02 N/C <2 N/C
B 0 0 0 0

L4 A® 0 488.3 0 444 002 N/IC > 6.900 NIC

' B 8.36 81.4 0.54 332 0.02 1290 5500 23,500
C .45 163.3 1.09 300 0.02 33 116 405
D 8.19 3252 2.08 -0 02 5 21 88
E 8.01 488.2 3.08 10 02 <} 4 16
F 0 0 0 0

LS A? 0 4474 0 4114 0.0025" 614 2200 7870
gu
C 8.40 160.3 1.06 320 028 9 37 150
D 8.54 3203 2,15 3-1-1 2.5 <1 3 13
£ 8.66 4774 3.25 30-3 0.2 10 a8 152
F 0 0 0 0

“Positive contro) sumple (not exposed to UV light),

Y A shorter collimating tube was used for this test {50-cm fong) which provided higher irradiance values.

“Negative control sample (presumably, no Giardia cysts were preseat).

Y Four animals were used per dilution instead of three.

Y All animals at each positive control dilution were infected and disinfection results are reportsd us beyond detection limit.

0.25 4L were fed to each gerbil instead of the typical 0,20 uL.

8Sample not analyzed.

¥Duc 10 10-fold concentration by centrifugation, the volume of the original sample was actually greater thun the volume of the
inocula,

N/C: Not able to be caleulated because the 3-host code was either completely positive or negative.
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Table 4
Summary of G. muris tests

Test run and Average Time of  Corrected MPN Yolume of  Most probable number (MPN/mL)
sample 1.D. irradiance exposure UV dose  3-host highest
(mW/em® % 107 (s) {mljem?)  code dilution
(mL)
95 Percent Value 95 Percent
Low High

M1 Al 0 465.5 0 3-3-2 002 1280 5500 23,500
B 8.17 78.3 0.50 3-3-3 02 N/C >550 NjC
C 8.17 155.4 1,00 3-33 02 N/C > 550 N/C
D 8.32 310.1 2.03 3.2-2 0.2 30 107 380
E 8.37 465.3 3.06 2:0-0  2.0° <0.5 0.5 2
F* 0 0 0 0

M2 A® 0 553.4 0 4-3-1%  0.002 2710 8130 24,400
B 6.33 92.4 0.46 333 002 N/C > 5500 N/C
C 6.35 184.4 0.92 3-3-2 0.02 1280 5500 23,500
D 6.60 368.3 191 3-3-0 0,02 335 1200 4300
E 7.06 553.4 2.87 2-0-0 0.2 1 5 19
F* 0 .0 0 0

M3 A® 0 567.4 0 4-4-4% 0,002 N/C > 69,300 N/C

’ B 8.35 . 95.3 0.63 333 002 N/C > 550 N/C

C 8.24 190.4 1.23 3.2-2 0.02 303 1070 3800
D 8.47 380.4 2.53 320 02 12 47 188
E 8.63 567.4 3.85 2-2-0 0.2 3 11 37
| 2 0 0 0 0

#Positive control sample {not exposed to UV light).
b Due to 10-fold concentration by centrifugation, the volume of the original sample was actually greater than the volume of the
inocula.
“Negutive control sample {(presumably, no Giardiu cysts were present).
¥ Four animals were used per dilution instead of three.
® All animals at each positive control dilution were infected und disinfection resulls are reported as beyond detection limit.
N/C: Not able to be calculated because the 3-host code was either completely positive or negative.

Table 5

Water quality of fitered water used to suspend cysts for disinfection tests

Characteristic 25th percentile value Medinn value 75th percentile value
Hardness (mg/L as CaCOn) 183 207 21

Light absorbance at 254 nm (1/em) 0.027 0.029" 0.029*

Light transmittance at 254 nm (percent)” 93.5 93.5" 94.0

pH (units) 79 8.0% 8.0°

Temperature (*C) 20 22 24

Turbidity (NTU) 0.07 0.08 0.09

“Yariability was not detectable within the reportable leve] of significant digits.
b Caleulated value based on the absorbance and using the Beer~Lambert law.

Table 6

Variability in Giardia Cysts

Test name Hemocytometer count of cysts Test 1Dy, (no. of cysts) MPN/mL of cysts inoculate
inoculated (no. of cysts) (no. of cysts) .

Li 0.96 x 10° . 10<1DSO <40 2.12% 10°

L2 1.08 x 10* 1D50 <22 2.3t % 104

L3 1.93 x 10° 39 <1D30 < 390 . 2.14x 10

L4 087x10° 103062 >6.90 % 10

L5 3.08 x 10° 2 <ID50<218 2.20 x 10°

Mi 0.21 % 10° 1D50 <4 550 x 10°

M2 0.49 x 10 1D50< 10 8,13 % 10°

M3 0.92 % 10 1D30«2 >693x% 10"
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Fig. 3. UV dose-cyst response data for G. lamblia und G. muris
cysts. based on changes in cyst infectivity in animal models
(filled data represent response of the animal assay beyond
measurable detection limits).

8.
Glamblia DFELEIEARIEIER LU 2~3 m)/ cm® DIREHRETD 4 DD Glamblia O 5—5
KA RBHHZZEND, 31 & 60ml/cm® KBWTD 2R > bOF—#1d (EETIV
FEEBVAIMMNED) BREFEAIECAMEBEL TVWERHERLTWSNS LN,

St
£

o3
H

Z OWFENE, K EBEENRH D hOP TN TIIEFRERKICIBT S Glamblia DIHBFIIR
IZDWTEHI U 7z

Glamblia & Gmuris DT —4% D IBIMTHONTNWDA, Craik & OFEIFEZBIZEL D &
Glamblia V. Gmuris £ 0 6 UV BEICH T DEHANE L WHAIIENENZ D, ZOHERICK
L, %O UV HEOIEL, Glamblia DFRIRERET 2R E LT, ZOMBICHRET
ELHEBHOFERTH D Gmuris EHEMTHENTEBL & ET25,

MPN IEIZZ DED SN T —FIZENUE, Craik &ZDIFIPFFEEZBA, A MO UV
BRI T O LI5Sl 2T FHRHE O RTOBRIINIC ED L S B R2 KITT M DN TH
RU7T—) 2 TR E-BUBWERMEEN TN S,

SHOWZEL, IS OREOMEE LD X<EET B0, Bz EET 5200
FERICDWTHIRT 5 2 &b 7E5 9,
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No.9 Water Research Vol.36 (2002)
b MHI2K D Giardia lamblia cysts {239 % UV HBETOEHR
The effect of UV irradiation on human-derived Giardia lamblia cysts

Andrew T.Campbell 5

1. e

bt FHRO Glamblia A b (7 L F R X &> THEE, BEUE) 128495 uv B 0O%)
i3, 254nm OHAROT T S IV ERAWTIHEL 2. UV F Sz A S OBGSEER, UV
R LRWaS bao—)b P A b OBRGUERE SEENICHIEE N, TORRICEY, Giardia
¥ A M 254nm @O UV BEHZ X D RIELT 2 2 & &R LTz,

£ 10mjem™ (9.3~11.7mjem™ @ UV IBFHZL D 2log (99%) LA EOARE AR INE,
LDEN UV IE (20~40mjecm ™) T, A LMD 3log (99.9%) LLEMNRIFLL 7=,

N5 DRE LX) TOEBOREIL, KOEERTITI ZLNTEDN, ZOETIRS
A MORNEZEERT SmAERRIL 3log (99.9%) LLETH 7=,
FEL 7= UV B R 2RI, Rahn ORALH U D LEREHE AW LR RNERICE 01T
27z,
PUDAPI Z4(8iZ & 5 A 77tk &R GLi BR ORI IIAHBIIIEE D 5 ah - 7z,

R K B AEFHBRIIATHE L TII WS L& LT,

SHOMFEELT, TEVAML—Ya VRBROERB 2SO Uv BN X5 A2 HWHH
FINMEE XN, X 5ITERL R BECET AN NDKEA D,

2. Hik

2. 1 YAk

G.lamblia ® WB #£id Dr. Merle Olson ( University of Calgary ) 225 AF L7z,

ZOFRMIE, TIHIAY TG L 72 BED S Dr. Frances Gillin 128 D BEES 17z,

2. 2 ALDYA

PI  : propidium iodide

DAPI : 4,6,-diamidino-2-phenyl indole

ZOEFRAEE, UV IBRICELBEBIC, UV ST ERE, £, W2 T, uv

HAGH% 48 I T A b O AEFARICH WS Nz,

2. 3 T7LFRX=I

ID50 X3 UV HEGFER T s ifildrbiamn - 7z,

D5, UV HBEFABRICH W=7 L F % X314, Newfield @ Charles River Laboratories 7> & [l

AUTz,

2. 4 uvIIEHHREOT

254nm D AHEIT International Light Inc. @ Model IL 1400A YE&at 72 W THEAZERE L7z,
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2. 5 UVIFOER
DTINTT DA MIMRHEBROF DI S, AT D BT 1.0MELL O BER AR I TR
wEE, 1A KTHEL -,
A MEARMERGHHIES Z W T—D—DFHIlE N, 0.05%D Tween20 &5 B EEWR
(PBS) TAHRL, > A MBEZE 53,000~88,000/ml 12 L 7=,
SRR DN &FimH (%) 13, 254nm TRIE L7z,
- UV RIS
ZDDOEBRBMHIT TR Tablel IRT EBDTH D,

Table 1
Experimental conditions for each UV trial
Trial Temp. (°C) Exposure time (s) Absorbance Initial cyst Cyst concentration No. of replicate
(254 nm) viability (%) (per mb) eXposures
Trial 1 3.5 60 0.075 91 82,500 12
Trial 2 4.2 120 0.098 89 53,000 14
Trial 3 31 240 0.086 93 88.000 1
Triall : 10mJcm™
Trial2 : 20mJcm’
Trial3 : 40mlcm”

FH AR DEBR DS Table 1 IR U Tz,

AN OBEIELSENZ X 0DITY, ZOBEMIRIZR 80% TH -1z,

RSN A ML, EYEESET, ECHE -0 EALTWEW) YA MTH->
7o

UV LA A MO 0% NEE L. 202 &34V TREIhELS I,
sub-population TOFMDELLET —F O ETEL TND,

=i

3. MR
3. 1 UvREBREONE
Table2 IR S & 512, 254nm ¢ 1able?

Comparison of international light radiometer and Rahn
OHRKNEEITHEW R < —8 LT  actinometry for the measurement of incident irradiance at

254 nm
Nz, ﬁ
Trial Irradiance (U{Wem™) Deviation (%)
I J NIAS ;’\\ ”
2 DOREIAED T ALK Radiometer® Rahn
0, e AN
13% T >/, Trial | 164 159 3
Trial 2 185 147 20
Trial 3 171 142 17

* Rudiometer readings are distribution corrected.
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Table 3
254 nm UV doses used in the study

Joa' MWem™ ) Jop® Wem™) T Iy (WWem™)  Time(s)  Dosewn (mJem™)  Doseny, (mem™
Trial | 164 194.4 085 15535 60 9.3 L7
Trial 2 185 204.0 0.80 172.0 120 20.6 24.5
Trial 3 171 188.8 0.84 161.4 240 38.7 45.3

" Corrected for distribution factors.
PPeak centre reading.

FBLORED > 2 MIABOEREIZH 522 Mot xEmnw uv BIHSE A ST 2 L LB,
ZOMBOEWTHBOERB DS A F XD HREMDI A RDHMN 15~20% W EsHE XNz,

3. 2 YmicksAmraR

BRI K B Al E O] DM, BRI A &R LUz, (PUDAPI 4% F
T 91%+9.1%)

Tabled {Z/RT K DIZ, PYDAPI GAIT & 0 M & N7z A8 DR 3 FEEOER TRV S
N2 UV BEBEONWTNIZBNWTHRD s ho 7=,

Table 4
Effect of UV irradiation on PI/DAPI viability assessment
UV dosage {(m}em™>) PH/DAP! viability (%)
Before UV After UV
10 90.9 87.4
20 89.1 90.1
20 (+48h)° 94.1 832
40 93.0 93.5

*Cysts re-examined 48 h after UV exposure.

3. 3 UV Trial 1 (~10mJem™
TableS IZ Glamblia A b DBEFIZEIT % 10m)/em® TO UV HBE OZE LR LU,
Table §

Trial 1—effect of 254nm irradiation at 10mJem™ on the
infectivity of G. lumblia cysts

1Dy control UV exposed

Inoculum |

Infectivity % ()" 0(5) 30 {10y

Cysts per gerbil 10 10,000
Inoculum 2

Infectivity % (1) 0(5 80 (10)

Cysts per gerbil 100 100,000
inoculum 3

Infectivity % (n) 100 (5) 100 (10)

Cysts per gerbil 1000 1,600,000

Numbers of gerbils inoculated,
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Table 6

Trial 2——eflect of 254nm irradiation at 20mJem™ on the

infectivity of G. fumblia cysts

1D4; control UV exposed

Inoculum |

Infectivity % (n)° 143 (N 0 (10)

Cysts per gerbil 100 10,000
Inoculum 2

Infectivity % (i) 30.(10) 10 (10)

Cysts per gerbil 200 100,000
Inoculum 3

Infectivity % () 60 (5) 10 (10)

Cysts per gerbil 1000 1,000,000

“Numbers of gerbils inoculated.

100

Table 7

Trial 3—effect of 254 nm irradiation at 40mJem™ on the

infectivity of G. lamblia cysts

1Dy, control UV exposed

Inoculum |

Infectivity % (n)* 40 (10) 0 (10)

Cysts per gerbil 50 © 10,000
fnocuium 2

[nfectivity % (n) 90 (10) 20 (1)

Cysts per gerbil 500 100,000
Inoculum 3

Infectivity % (u) 100 (5) 100 (10)

Cysts per gerbil 1000 1,000,000

“Numbers of gerbils inoculated.



No.10 Proceedings of the American Water Works Association's Water Quality
Technology Conference(2000)
HEDRITHTHHM UV 46 UV ORIRIZD T
Comparison of monochromatic and polychromatic UV light for disinfection efficacy

Karl GLinden

1. i 3U®IZ

ek, 254nm DBV UV T > IRHG SN, KE UV 77N UV lHEOEREES
LTSN Tz &, /YA UV (P—UV) HE (MP) UV OX 7% A UV
2 AT WNINEE7REIRATH S Cryptosporidium parvum DANEACIZZI R R H D Z 08 5
&Il

Cryptosporidium DOARTEILICH T B %48 UV P AT LADRDOFERIL, BE5<LADH

RAD UV INHFDREFF O TNBENITENSETNBEDES D,
D & LTI, 7IVABI UV AT LS OXOBEIZIEEITENEND HDPR,
DORA 7O TORED, ZONGEOERERZL TVWLLEDFHGH D, N5 DK
W UV BEICBIT B RIELOIEEN 2 A S Z A LPRENIR < 18 2 AT LD & M
ITHETEELREEEZR > TV,

K DREII> T, SBEUKE UV A Cryptosporidium DRIELICIEHEITHHRNRH D T
EMPFASMIIR> TE (Shin, etal. , 2000}, EEIZ, ZOWMETRIOEYN, E&
A EDIBRMIE LD S UV HRIC L DB UIER IEZENRN T 26N LT
W5,

LnL, FEEREEBER-S TND, B UV 2HEdT55 0 72/f 50 ki, £an
UV 24ET 25 72T HHRIEHDDIZS SN,

2. Fik
(K, BalE, Z6A UV 72 7Mhs0 oy RFHTE S ANEERIRIE, Cparvum
oocysts & MS-2 KB 7 7 — Y Ol Tl S N7z, UV HRF OREEBYN > RIEDDIR

HINSDOZHEEOEWIZTE - T eﬂ“*'%_ﬁ@—@
2 i Oy _| Py famp
[ELE & HIE UV 2 AT A0 5 0 !
§ ot Alr cooling ;:;:;:
UV T, #RER ] DBandpass
) - ?sl : filier
(IL1770,SED240 detector ) THR Collimating tubs i
HUM~, BEFHICHWZT7 0 o Fittored
P radiation

—E T 4 NI —THD, N

TEAARY MIVOMIZ TS %
Figure 1. Hiustration of medium pressure UV inadiation spparatis with bandpass filter
DT TS, housing.
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Fig L I ERETHTH T V& —8 AR AT AT UV BFEEBEOKEZRYT, &7 1)
& —3ZNEN 216, 230, 242, 255, 263, 271, 281, 290nm DFEEDOHMZ, 10nm D
E—2 N RO 1R Z2H>Twa,

COWERHT 4 NI —D TABLE 1. CHARACTERISTICS OF BANDFPASS FILTERS
. _ Filies Peak wavelen 1/2 peak bandvidih
178 230 275-234
239 242 236347
C. A — 2 MIBHEL 254 255 250-261
panim ik 260 263 D58-267
>V 2mifem® D UV HREF #2175 270 271 266-277
. 5 280 281 376-287
o 7 MS-2 ¥4 10 B0 30mJ/cm 480 290 386257
DI %175 o
3. fER

2mJ/cm’ DFFRTO UV BFHZ X B Cparvum F—3 X kOGO logl0 12 & B,
WESBREICH L TRDIROHDEZATHUET HLD, &7 14N —EREL TH
E L.

FRRIC MS-2 129 D HREHER © 30ml/em” O TT 0w L7z,
250~270nm DA Cparvum DARELICH U TROEWIHIRNAS Nz, BEICH LT
V& 2log DA TH > 7=,

Fig2 IZ7/R 9 &HBD, 216nm & 291nm & WD lifREG2ERICENT, RNHELIZHENT

Ko7z,

9.8

1%

Loy naolvaiias (MR

) 218 ) 59 28 I Fo 28 71 281 e
Pesk Bandpess Filier Wannlength {revg

Figure 2. Relative UV wavelength effectiveness for Crypiosporidiuna payvur 00Cysts..

Fig.3 12, MS2 KIGE 7 7 — I~ D UV BEIZBIT S, EEOBENIXZRH O
102



D ZE R LTz,

Pry
&
-

Lopy Inscliveiien (log R
=

&

B

218 20 242 288 289 7] 28§ %9
Posh Bandpnoa Fiter Wavelongth (nn)

Figure 3. Relative UV wavelength effiectiveneas fox MS-2 eoliphage.
To assess the relstive tmspostance of the 254-nm range es compered to the rest of the

geemicidal UV spectra for inestivation of €. parvum cocysts and MS-2 coliphage the results
were plotted relative to isactivation using the 255 s filker, as fllustrated in Figure 4.

254nm O L > VISR EE TH 5 Z L2l 5728, Cparvum & MS-2 KIBE 7
7= ORE IR U TRE I DOH 5D O UV ARY NV DWT, 255mm D7 )V
— RNz EEDONELEDLHgEE T Ty U Figd IR Uz,

')
Iy
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i
2 4.5
g
& 1.4+
gt.z«
K 3.8 q
g oo
wuﬁ'
M.
i
0.9 o . 7 v el
218 230 242 289
Wavalongth tam)

Figire 4. Comperetive Inaetivation of MS-2 coliphage and Oryplosporidiie parvm cocysts
gt diffevent gesmicidal UV wavelengths, relstive to UV 283 filter.
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Cryptosporidium DANELDT=DHD UV HE AT A
LERRRFERZTT D L TORBER DAL
UV DISINFECTION SYSTEMS FOR THE INACTIVATION OF CRYPTOSPORIDIUM:
Evaluating practical implementation issues

Erin D.Cushing 5

1. #m

UV & DBKOHEDZ0 O—RIRAERNC R > TE /.,

B DR T, UVA Cryptosporidium oocysts DATEILDIZDITHRITH B Z & %R
T2, UVIHBERESAY RO 2BHASRPRENEEZS5ND, UL, EEicHk
5T, ECHERFER LORBESRME, BEME. BIAERYOER. HIHOLESRE, @R oM
B, O MO ORI & O IBE DR TN TWEWNE < OMBENE > TWa,

Carollo tHIZBIE. FKIR/KEIKIFE T Cryptosporidium DOREFLITH T 5 U VIHE ORI 6T
B EENIMEZFAET 5720, AWWARF/EPRI/ECW Tailored Collaboration 0127 b %47
2 Thd,
3FORLDUVRIGHORIR, 3 8BEDT > T 0y 17 (PE. KE. KE-&EHT 2D
WT, 65 AL 2F—=)NVVT2RBIELLET A METo 7, SRIMROIEHRRIT 40ml/em® TH >
7z

FIHOT—F Iz ENiE, Z ORI Cryptosporidium oocysts % 4-log FE(LT 2,

Z DI Cryptosporidium D AIE(LD 72D DRI IEBF D EHMT A FORWERTH 5.
BUE 2 DORNREERENREVKEEE TR L T 5, SRR & MERIE R TH
Do

ING 2 DOMEIIHEIEE DT ENTHD, BELZUVATDNT A% L>TNS T
E, PFERHEOHZE LWRT T A1 A (HiEiR) LlaoTETWS, HILWHRAETIE, UV
HEIL, BRADROBNWAHIEZRDOTNEE < ORLAFEROE T 2EAZD—DIT/22
MHLNARNI EERBLTNS, BHRERMNZMEL Cryprosporidium DFETH 5,
Cryptosporidium V& WHEFRTIFEN B 0 | AKEFEZERCN R OER S RKICREZ RLT 22 &
&7 D,

BITE, SWTR I/KEFEFITK LT Giardia cysts DIREFRIELE 3-log DL )V TRDT
WA, Cryptosporidium 12 DWW TIHHI L Tz, BIfE, Cryptosporidium D7KEMN S D
L, RO X D7 HRTE T T 5729, WEL NIV ERED D HNKEESE OIS
BT EITRD, BEOREE DR T, I5KIE Cryptosporidium D2,/ AIE{L O ER
EnDH PR LM B LN EERL TN,

BAED & A Cryptosporidium 12K U THHTHIT & % 3EH S N 0MEE & LT, AR &
REAY AR TH D, LNLING 2 DO, WS DNOBERZRERD D, KA
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DIAME, HEEDEZEZILDTWAKIZHLU THES & &0, (EREDER TEE2MT5 TR
ELTHWSNSERITIIRAE NI R M &5,
Z HBEE, Cryptosporidium DATELIZN L T Giardia OARIE(LD 30 fGLAEDOEA L, &

BROADPBLETHD, HEHG

MERSND,

2. Bk
4 TSR HERLIERE

DZ TR EKDOBIRIE

Table 1 IZ/R 9,

- EBEFT (3 4 )
Wisconsin /N~ D3 DDsK
BEEEE /N
® NswcC
@ NwWU
® cwu

- fiEEK I UMK E

Winnebago #7K

*  MP unit : NWU [ZEE

* LP, LPHO1 unit : NSWC
W RRIE

* LPHO2 unit : CWU IZiRi&

FERREOERWIM 6 » A

WISIEH I

B LRV D RFER: =S D EIRE DA VR R

TABLE 1

DESIGN CHARACTERISTICE OF THE SELECTED UV REACTOR SYSTEMS

MP'

Lump type & mimber:
Lamp configuration:
Hydraulic design;
Internal dinmetor:

Mudium-pressure, 4
In-ling, petpendicular to flow
Struight flow through

8§ inches

Sonsor types: 4 intensity sengors

Cleaner type: Wiper eollars, set on automatic timer

l‘P "

Lamp typoe & number: Low-pressure, 12

Lamp configuration: Radial, parallef 10 flow

Hydraulic dosign: Flow cnters from the botto & exits at the top at 90°

Intema! dismeter: & inches

Sensor types: Intengity and % relative lresdiance

Cleaner typo: Wiper collars, set on nutomatic timer

LPHO.1

Lamp type & numb Low-p ¢ high-output, 6

Lamp configaration: Rudinl, parallel to flow

Hydrwulic design: Flow enters from the bottow & exits at the top « 90°

Internnl divmeter: 6 inches

Sensor types: Teradinnee and % relntive lradiance

Cleaner type: Wipey collars, sct on sutomatic timee

LPHO-2T

Lamp typo & number: Low-proasure high-tutput, 6

Lamp configuration: Side-by-side , pespondicular to flow

Hydraulic design: Straight flow through

Intornal di 8 inchos ot inlet and outlot sloping to 19.7 inches at
the midpoint

Soensor sypes: Intensity, % transmitiance

Clenner type: Off-line chemical cloan

* Phase 1 & Phase 2 QT * Calgon Clarbon Sentlool™
WEDECO tdenl Hoskaaas MDW-

* WEDECO Idual Horlovns MDW-HO

P WEDBCO Ideal Horizona Series K

MP & LP & LPOH [33cH
. LPOH-2 [T ZEERHAM g

e’ &: CWU \-uX%éMf;o Tressted water from m
UV H#E AT LIEED /A : v
Oy h75>hT70—-X% i
ey Sopasition
Figure 1 127”9 B
E iﬂﬁ__ __N_ff_ -
NSWC DB TIL. 2 D0 o i N e posr
UV 1=w b (LP & LPHO-1) i ol R

PSEEEE TR S Nz, UV 1
BILZy MIRTAT LR
WTHO, UV T2 TIdaRE
BIZBIENTWS,

To Sanitsy
Sewt

FIGURE 1. UV PILOT SYSTEM PROCESS FLOW DIAGRAM
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< ILEEK

LP. LPHO-1. MP L= hid 200gpm (1,100m’/d) QRSB THEHZL, LPHO-2 12w MIE
RED 300gpm (1,640m>d) THEIERL TW5, WEGIEIINSG 751 H T, RENEILE
R ERETTIT > T2,

NAZT v AROEAEY T 70D, AR UV 12y MORIRICE D 5
NTWBEHENDAY T 4 w7 IFH—ICL0FEAREREEYAHEDIZDDREEDTTHNS,
EHFHIBEINRNT O 7T FOEJHETZRIET 5720, BEOAD O EHMICHKRE
INTVS, F=FINT—HERZNET S0, UV Iy MINT—EZF—Z2RE
LTW3, KidUuvazZy haHT, KkIFICES, EiaEiEPiEE, SATLEEIETHE0
VT REOTHD NS, N AT vtA AT LOHEBERE, BkHEADT S D%
U, TKREANHEKT D,

KEIEH & UV UM OIREEIL, WAWARERER Z& I, SmRERRIND, KEI
FEEKTER pH. BE. BEE, DV A, BE. TIVHUEMNIESND, 5 1E
1L O > 7))V &L . MME T Carollo Engineers 1230, TOC. UV B (200~300nm). <
SH BREGT S,

UV KOS OREAE, BAMERRICED=HHRRS N, UV 20— () Ot
0. 7 TIRERRE, UVEBEBRBRICEZENETRETA /S—MERICER L TnanE
IMEF v L TND,

UVRNREITHERENTHENITIT T 57— MS2 DNNAFT v ILDiERE N
T3, FREFOFERBIZPBNVTIDOTAMGHEIN TS, B 107X MNIBKE &IF
FRzfrbhi, 382 07 X MIERHIBO PR Trb, 0T 2 MIEBRHORKICTD
N5, TUIUVEREHRENMUO S 7-0IThns,

#T A b O, HAEDKRE 2 M 32720, MS-2 O LN HEGHE T MUY LAEEAT S,
TINS5 Figl 1R EBD, MS2 BN 2 BHHDOIFY—O ERICEASINS,

MS-2 IFU VIEED L& TR0l A T > 7 7 X3, Dr. Malley DFF3EE T MS-2 DARE
fEcEET a5, FA MR, 3EO UV BRHIZDODWINAF T vEr3In, 75274
>TIIET 2T EWIT LI REE T Thb i Iz,

3. MREER
(1) KEDHE
November 1999-mid-march 2000
KB 3 7 FTOEBIGINCBWTIERICLE L Tz, I ZE Table2 I0RT. THLAZLD
IZ. CWU & NSWC D/KE/NT A—Fd, BHENI 2 MOKEUBRL TWE D, EFIC
L <TWS, NWU Id Winnebago IOAKZUIRL TH O, KEIZE-> 20 Rizo>Tnb,
* Table-2 12/%-7 Ty b5 A b Phase-1 {IMPMNOEEKE 28T,
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* Fig.2 12/ 0wy b7 A b Phase-1 #IRIN O Tk E %77,

TABLE 2 54
AVERAGE WATER QUALITY DATA DURING PHASE 1 PILOT TESTING . oowu
0 @ BNWU |
2 ) %
cwu NWU  NSWC e orewe
46
pH 773 9.02 7.69 " '
Turbidity (NTU) 0.06 0.06 0.13 g .
Ca Hardness (mg/L. as CaCOy) 76 41 36 § " o . -
Total Hardness (mg/L as CaCOj3) 140 87 136 g @ = wa
Alkalinity (mg/L as CaCOJ) 122 52 104 fo) & B o) b ® o
Iron (mg/L) 0.02 0.01 0.01 " Wl g Bw § ew
Manganese {(mg/L) 0.011 0.003 0.007 3 . "‘:': e e p
TOC (mg/L) 1.60 4.08 152 iy At IO i
UV154 (l/em) 0.018 0.056 0.010 ” ® o
% Transmittance (at 254 nm) 96 89 98 o |
- 00 & [
a0 :

(2) UV EEDHRE
N FT wtA

Table-3 1T 1999 41 2 A
PRIONTUT 77—

W27 VUG 1276099 127265 11500 2/4/00 2/24/00 315/00 H4/00
90:00 9000 OB0 56:00 DD G0 K00 0:00 000

Date & Time

TIGURE 2. FLUCTUATION IN WATER TEMPERATURE DURING PHASE 1
PILOT TESTING

TABLE 3
RESULTS OF MS8-2 CHALLENGE IN MID-DECEMBER, 1999

MS-2 DRERERERT

Q M52 Log Hinagsay Munufacturer
10} ~ {gpmm) Inactivation Mensured Specified Dose
2000 4 2 AFHD MS-2 Dose (md/ent’) {3 feun’)
Pk 4 7R MP 200, 4 lampy 371 85 74
DRERIRE Table-4 1R 200, 2 lamps 238 52 37
5 200, 1 lomp 0.81 15 19
e . L 13 218 62.5 15
2000 £F 2 A IZITH NI 246 238 532 61
2 EIHOF A OksHI, 402 116 244 -
. LPHO-1 160 477 108.8 116
MP. LP N UX LPHO-1 DK - 208 1,32 75.0 62
402 3.00 67.6 46
JOAEIZ R LT, 1999 4 12
AT 7B 1BEHOTA N &— Q MS-2 Log Bioassay Manufactorer
(apwy) Inactivation Messured Speeified Dose
WL TW3, Doge (md/ent’) {mdfem®)
) P 200, 4 lamps >4.12 857 74
LPHO —2 SUSHY ORI, 7 1 500, 2 lamps 2.45 50.1 37
200, ¥ lamp 0.98 18.9 19
— il ~
DOHAEE LT 40~50mlem2 @ 50 - o -
. - 250 1,84 42.2 61
PO UV BB MS-2 7 A M 370 0.49 105 a1
T OEEI — LPHO-L 130 454 106.8 123
NI ZDEREICLD BLT b 354 o >
BETEsHkE LTEESNE 370 28 612 “9
B R LPHO-2 125 265 50.7 >80
ZEERLTWS, ZIUIEHSM 174 233 442 550
275 1.93 36.1 »50

IREIC X > TGS NEtR S

NEINRBIU N TH S, ZOFEIEKEPIHBIGIZENZDTH S 5, HFHKDOKRITI S
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M oCTH - Iz,

(3) EIRER
4D0 UV BEITEHHES
FEAETFICE L TRELTHD,

TABLE S

UV UNITS POWER USE, HEADLOSS AND INACTIVATION EFFICIENCY

DURING PHASE 1 PILOT TESTING

TDOINERE Table-5 WRL MP  LPHOa LP  LPRO-2
T3 Power use (kW-hr/d) 49 26 17 14
° Power use per lsmp (KW-he.d* Lamp) 25 43 1.4 23
Inactivatien-Novmalized power use at 20 6 K G
200 gpm, (kW-hr.d/Log insctivation)
Pressure drop {psi) 0,13 { NA 2.7
(4) B9 —0tkaE
MS-2 N1 7 w1 OFfH. LPHO & " .A
MP B RIFICERES N TS & & &R s ks DL
1.0 ;; - :‘:A A‘ 5 T ~ AA
l/ T (I A %) ° . A P “n‘ AA s YO
EN A 2 4a A
- DR ER T E R, g . S .
A — o ~ ‘P PGl @
MP KB4 DDT Tk Y —% % W o0 &&) - AT
. . TR ST D SO . 5 e
BHLTW5, 1DE&TTOBMcHE | R R AP
° = ¢ (P:%o % o
TN, I TOWNERGT B, EBROD § 04 ® fup S 6 0 o.p a%._ °
_ . ' - N Y
BIERE & 3 A fIcREE N T — 413 8 IR A
& MP-1 wiws off
Fig.3 IRINT NS, 02 oMP2 ‘
avps j
NS DOfEIE 0.35~1.8mW/em® D TE . oM
0.0 | 208t
L Tnha, 12/31/990:00 12000 0:00  29/00 0:00  2/20/00 0:00  3£20/00 0:00

MP-1 i3 0.60£0.06mW/cm®, MP-2 I
0.36£0.12mW/cm®. MP-30.95:0.08mW/cm’.
MP-4 i 0.54+0.20mW/em® TH 5, Kt
H—DFi A & O M A TR
0.1~0.15mW/cm’ DN T ETFIZZEE L T
W5, ZOETEBORRIZHS N T
W, ZORREIE, BAKOBLDOIZDhE L
NIZAN, TNEEALT 572D UV254
WDV T T— 7 INs0n, BE
i, 1 D0 v —aRER 01~
0.2mW/em® D > —DHEDFELI R 5 h
B ZOWDITREERLELTOT > TH
Hob oD EBbinsg,

LP & LPHO-1 £EIZIL, #hEN 1 D0

I LY

Date & Time

FIGURE 3, MP SENSOR DATA FROM NWU

12

=S

{ﬁ?ilcmhz}

o

Sensor vaine

6Lp

O LFHO-)

12/6/99 1226099 VIS/00 2400000 272400 SO0 474700 0:00
5:00 0:.00 0:00 000 000

Date & Tlne

FIGURE 4, LP AND LPHO-1 SENSOR DATA FROM NSWC

108



5TV =B D, HEOTAONSHK 12 1 2 FOMIIHRESNTNS, Figd ITR
TEI, ZOHADT—ZIE FHLTWENWIETHY, ELHHATERVERRTH S,
I UDIC, JE SNz LP T > T ORI 12mW/em2 T, LPHO-1 @ 5 > 7 DY 8. 5mW/em2
THolz, WHEBRROREMEE & BITEENFEA L, T SsFENEML TW5S, L,
T OE{MOHAEF U TR0,

LP b —0OfA & DIRAIDOE L D b REHEMULT, LPHO-1 £iEOE Y —DHH
& 013 2000 4E 2 ASADIZ 12mW/em® TZRE LTz,
IS IIKIRDOEL LVRfRR <. 29— DR
HOLDTHD, -l TR SN

ki

SHRGEIC LS TORBEDEDE L WG, B 25 -+
RRELHETH D, CNEOMIE, T2 T0H | N
& UTIRBREDSRD T RETH BN Thide g ? R e T
3 7125 TR, gw M
I
CWU IZERE SNz LPHO-2 W&, T 2 7ASRiE L0
INTND EZADOHHLE < ITYEHE > —%2% 5
ELTWS, ZOEY—d Figs ITRTLDIT
B0 HE—H L THBL T %, o o o
1 AOKHDMNS 3 ADYIDDEID T > TIEHE Date & Fime
D 17~20mW/em? ~DW BRI, KIED FIGURE S, L1 ENSOR DATA KO CUD

BB LRI 5T 5, T T TNMOBME, KRO LRICLDbDE-RDND,

4. w5

4 D0 UV EEIL. 200gpm T 40ml/em® XIEZFNLAED UV MEZBF L. 2~4 » AF A b
XNz KT —EH IR TIE 200gpm TG I Nz 2w b T EIAFEGIZE L TR D EIRR
CEML T, BESEE -GS > THANCET 2REOZEL. BABHICEAL TEX
R 5N, 4 DDER BB O Y — ORI, KRE<EL. UV HEEE
W2 ETOREEEEEICREDMEERZRL TS, JHUIHEEICHT S UV EiffiZie X
5 ELTROREET, BERMELRDEDTHS,
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