RIES TV AT LDOEELEY BB OBBEEZETTRROEBDTH S,

AR I AR

YRR T

reference sensor

plant sensor

S E

SROVRR B R

REF

ABERZMNT, 5 —ED REF ARESNTWDLEMA T T, EREMFOERMEEZRET S
ZEITLD, EEERHE E 05 T NIRRT S,

ZENONITES > T AT LERE. BRI 2BOBMBESERIZ. FROEBDTHS,
ZEEDOINIT L D EAMBOEEAT « TR 3 BT KNS,

1)fkHR

KT BRI DIRSERIE, & U <Vd. DNA BIRARY BV K Sl R0

B AT
YR ERBROKERICH S REF

SABRD AT IV A

SROVRZ IR R

LM D W D SRV R

reference sensor M X plan sensor D3RSV ARER

Table 2 1449
R & ad B O S 2R
ERY, < DHE
BIERRICHBNT,
REF {345 7E fE &
DI/NE Tl & s
2 TW5,

Table 2 - Results of biodosimetric type testing according to the Austrian National Standard M 5873 versus the
UV fluence calculated by the manufacturer. Simultaneously performed tests with enterococci are shown for

comparison.
Flow Water Reference REF" UV Fluence reduction
(m*/h) Transmittance % Irradiance (J/m?) (J/m?) 1g(N/No)
(253,7 nmy; 100 mum) (W/m?) measured calculated
E. faecium
0.49 10 A <200 400 >6
0.49 82 2 <200 400 >6
19.0 37 16.5 293410 420 >6
28.0 88 50.8 325+13 420 >6
90.0 80 39.4 447 £ 10 580 >6
400.0 90 103.4 450 + 15 340 >6

Y Reduction Equivalent Fluence
DUV plant not equipped with a UV sensor

YRR EER R D ENAREHRONRBZ EBMNICHIIETED CEMRENTE TN D, IR
HBOERT T > MIBWT, EYREBRREZEN TS EICX0, BRUBAPEENDETT
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i<, TRIIVF—PEBM EV oA FEMA T RBEENRHE R ZRENT 5 2 & algE
3%,

e

BN FRIC L DL RIKERKT 72012, FTROEEETED,

1. IO E R, BV ENICRER B, KIEHR A QRN R Y — 2 LD £
FABEND B, O H—d, RNEHEBIC L AMENES LS., WOA LR H D
ETBNEND B,

2. BANBEBDO 7 IVAT —IVT A MIEYBRER ZHNWD Z EITL D, RIEFEMFIZET S REF
ERHET D SN S, Bacillus subtilis V. AEWIREFHILERBEIHZ 2 THR/AZL TH 5,

3. BB ORBIERE N MED OB ESG R LTS/ 51X, alarm  point M UNEE
ERFEHZRETESD, IS5 DI, SFEIRPORINREEOMEEIIN2EFENFETH 5,
4. EHRIZEY B ML W RS TE H (B.coli.  Enterococci)ld /K RBIEM AN OB L LTI, &
ERETELDOT, HHEBROKOREMHRIL, KEBEEFROEBOEIRICENWT, fHlHL TS
A ENTVNBHEM/INT A= —IZEDNTITRIRETH %,

5. LATT/KHFICBIT S B/NER REF 2 & T 51203, @EICBID 2 MEY ORISR I BY
THEMRRT —FRBETH D, XHE L BEESORRICED, A=A MU 7T, 400)/m2
D REF 2T T2EDICHEL TS, ZORIMRRTIE, FEEHICEE 2 T BERN
U5U7. OAINA, HEEE dog MELT BRI TH S,

6. FET T ATAERHT G, EPRES ORER OISR, &2 v — 0 EE
O SENRMIMESS 2 ZBICANDRBREND B, Fiz. RIREMBEY O EROFRNRMEICET S
MAEZEITIRDONEND S,
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No.73 J. AWWA October(2004)

Adenovirus type 2 DEIMA-ER-/ 05 = 2R WEATHE

Sequential Disinfection of adenovirus type 2 with UV=Chlorine=Chloramine

Nicola A.Ballester , James P.Malley Jr.

WEZE : adenovirus serotype 2 DEHEIKT T > 7, H{F, 7053 K BEXRVFAT—)VTOR
TEALFERZ LML /=, AFB T, laboratory-grade water & L <&, 7 BT ZEIIL /2 KARK
2RV, HFE/70 T3 CAROTE, B U<, BEBICHENMRE RS U/, adenovirus serotype 2
DAEACRG, IS BERICIOENL -, EHHESR  CT 1.22mg-min/L D54 T, 3.72log @
&AL preformed chloramine CT 264.5 mg-min/L @ g Tl 1.2log D ARG AL, sequential chloramine
CT 40.5 mg-min/L D5 T, Llog OAIEAL. UV 40ml/em® DA T, llog DARIEILN /2 I N
J=. sequential chloramine CT 40.5 mg-min/L O%EXIZ, $E5M % 40ml/em® BN 5 2 & T, dlog
ETORENARERTH >, TNE D, Adenovirus D K D 7R SRV BRI YE % A 9 DMK L
T, HEFRIOHAGTOERNANTHD I ENGN5,

1. W

BFE. 7 AU 71Tl USEPA & U . LT2ESWTR. S2D/DBPR BATH TN TW 5, LT2ESWTR 1.
IO A RET S HE TR S 1. RFIZ Cryptosporidium 25 QIR R AEY) 2RI L T b,
—7j. S2D/DBPR (. HEEIERYOHIFZ EFHRICL TWS, &L, 2005 FI2id. BN
TERT D TETHD,

NHORBFEERETDHNORBHERNEL T, 70 0PREEEEDTWS, BHELT
W BUNORAS e N\NOEFRE ORIAE R A REN D2 <. £z, BRFMER-ENRS &N
#iFons,

T AUATHE, RIFAKLHTKROBMEHNE LT, BIVRHENEH SN TWS, HEE
ER 2 RS, RPICBVOBMBENECLNE WS RN H 5,

TAYIZENT, WEZAET DAY (B @ Cryptosporidium) . B, 1IZB W, K O @
OF >EZTVHEOHBERICELD ., FEEHEHRIC K 17 Tl USEPA OE D 5 EM ORIE L5
ZWMET 2DNHLNONTIRTH S, EWHARWHSMBEOEFR/7 072 CollABbEICEK
0. WMEYORNEHEEERET 2 EEIFIC, BIAERYOERRBER/NIT D ENTRETH 5,

2. KI5k

KT
B7KIZ Adenovirus ZWRI0 L« (KIESESMR . EREME SR . performed chloramine. sequential chloramine.
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SRR FE L D sequential chloramine, equential chloramine # D ¥RAMERIY #E D & LN X U TH R
Zfrolz.

Adenovirus 2 OH53E & FHH
Adenovirus type 2. adenoid 6 FRid, ARIOMMIRIC L OB U, MifilRoRER & LT,

8.6mg/L N7 /—)V v B, 8%FBS {F. 0.15% HxEEST b U D A, 200g/l DALY
R0 200 unit/L DR 2 EEDHERZE M W, BEIZ Adenovirus 2L . 37CICZT
1.5 WSS, 2%FBS WA, BT MU DL, PUEMEZERML 2, 8O NG REN
mliznkaic, 7x /=) by MEERMLU TWRWn, §iid, 24-36 Kifi) 37°CICTHE L 72,
D%, KA -80CIZTHiAEL ., freezing-thawing 5% 3 BN U7z, WML, BOWKEL, &
HZTEDNSTFEDIE 020um DA TAiBL /=, Adenovirus 1. 50% tissue culture infection
dose(TCID 50)i%(Meng et al,1996)IZ & D &8 L 7=,

ROF R — ) COBESRS IR B

FHIHEESRIVR D > T2 T E— LB ICHL AR A, EBREITo 2, BIEENAREE, KIE
U7-#i 83t O, HAJKD 254nm OWHEELE L ORI Uz, SAKYHIBE 10%mL TCID50 1272 %
£ DT, adenovirus ZHRML 7=. Adenovirus ZFRII L 727K D UV254 WIEEE. 0.031~0.038/cm T
& o7,

(LT T I

FBRICAWB AT AHMEEKTLT, HEEKREN 0IT/RBLOUE L, WMHEREKE(Smg/L) &
WAL T B AGBNIIN 2 I G U 7z MEHE 38 D 5288 T, adenovirus % iR AN L 72 FER/KIZH
FEWML 7z, Preformed chloramine DKL, HE LTV EZVADRKZ 31 DEIGTES
IBMER L 7. IREWEIE pHS ICFAEER., 3005 50 B L. /053 24K, Sequential
chloramine DFEBHTIE. 7 7 & adenovirus Z 3 DEB/KICHEFZZRML THEMLEZ, 7€
7 BT Nessler %, HFRBAEL, DPD HBICTHIE L, EBRIGOKIRIZ, 22~23CTH Y.
M4t TORBRZ 3 BIEML 7,

Mg SR

¥ 1 OERE LT, adenovirus MU 7ZEBKICT 05 2 @M%, SEMVROBHE ZFEML 72
(40,60,80mJ/em?) o 5 2 OEREL T, 7B Y ORM/IEFRMO M LI T, IR E
(A0mI/em Wl . #5 L <IV3. sequential chloramines WRANZEM L 7z, 553 DEREL T, &
BEOTY >EZTEHFOHRKICTERZEML /=, lowa /N Cedar Rapids ICHT 27 > EZT
DBV, 0.5mg/L TH 0. RIVEIEE0omI/em R IZHE R Z RN U, Cedar Rapids DULHEK
ERISORBEFZENEGSNH L DICEML /2, ERIM P D Cedar Rapids O RF&UHIKIZ, 2
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FIBEEE, 2.2-3.5mg/L. ERERRIRE L. 0.32-0.69 mg/L T, HFEEREIL, 0.85mg/L THD, &
BRI DUKIRE, 22~23CTH D, FEHETOEREZ DR EH 3 EIERK L,

R
Adenovirus BHJIHEES > 7 0B E-HE R
HHAEES Y T AN 5 S FIGURE 1 El\]i;a;&;gé (fjltz :; ;ci:r;:svirus type 2 low-pressure, high-output
BFOEGE . KRR & adenovirus DAIE ‘
6 ® Adenovirus collimated-beam data

EERITERROHBIBERICH D, dlog D — Sigmodal it (Y= 4.5 /[1 + e~ 41" g2 - 0.985)

- All doses linear regression (Y = 0.044X - 0.455, A= 0.9714)
e High doses, linear regression (Y = 0.033X + 0.579, = 0.998)

ATEALICIE 103mI/em® D ESMER BN 5
ETH D T EWNI M B (Figure.l)o ad
Figure.1 & ¥\ 50mJ/em® L T D SRS} g

BT, AARZI N5, REER L |

IZHNNH 5T, adenovirus @ DNA 18 T

FBIEIEEMBENICYEORTEN S, H N

HFd. >50mljem® O SR E T,

adnovirus virion 2% 5 2 5I1TH 5 "o 20 4 60 6o 100 120 10

Dose—mulem®

RBRBNENINTHSIOT, SHE

BT, EHROARIGEMBNRIT S EHEL TWE, TAFHETIINOLFNERET IV &
DEEMENE <. TORITIL, dlog ORIFLIZ. 97mI/em® DS RRINL BT/ S, 60m)/cm? LA
L OSENRRTIZ, BEET I OEAIEN—FE N,

adenovirus D{LEEIHE

FBE L~V DKIT adenovirus ZHRIN L 7235 & IEREH SR O CT E2Y 1.22mg-min/L(+0.242)
T 3.72log DARIEALANEL T & 7=, Preformed chloramine D -&1d. 3 CT 7Y 264.5mg-min/L( £
532)T 1.2log DAELNATRETH o /ze 7o BT HE FCHEZBMLZHE. F CT ER
40.5mg-min/L(£5.21) T 1.07log D RIELNATRET H - /=,

HIRER : UV L3N E

HEHRTRE 0 DKKOEBREL XV OKIZT BT 2RI 72 9257K(0.8mg/L NH3 as N)IZ 4%
SRR, HHEZRRINT 5 2 &1L D adenovirus DARIHEILFER 21T 577, 40mI/ecm® D 4E5£R IR
R, MEBRKITBNWT 1.210g DRIELDHER S Nz (Figure.2)e 7 BT B EHERVERKIC
st U CL R 2 RN U 72 358 (B 521 0.29mg/L) T\ >5log D AYEALAN A HE T & - 7z (Figure.2).
0.8mg/L DY »EZY ZEFOFEBKITH LT EEZRML 2856 GRS  3mg/L)I2 T, 3.7log
DATELA]RET B - 72 (Figure.2)
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FIGURE 2 Sequential runs: UV-Cl,

2 Run 1: UV followed by free Ci, (3.32 mg/L)
1 Run 2 Water contalning 0.8 mg/l. NH, UV followed by chlorine
" (total Cl, and free Cl, 3.32 and 0.45 mg/L, respectively)

Log Reduction

UV Alone Chlorine 5 min 10 min 20 min 30 min

40 mJd/em2 Addition

Cly—chlorine, NHy—ammonia, UV—ultraviolet

HFEERR : yn53 >
sequential chloramine @ﬁﬁ@@?ﬁ‘ % FIGURE 3 Adenovirus type 2 sequential runs: chioramines followed

P — | . 2

S\ IR IR SR 1T 5 7= (Figure.3). 3 Fbi by UV doses of 40,60, and 80 macm
DEBREITV., TOBROEREESHE

& Chloramine—intial
B8 UV—40 mJiem?

BB, 2.64. 144, 1.37mg/L TH 5. 6| = Chloramine—icpoin
3 UV—60 mJ/cm?
FHERBRIZBNWT, ERBEBN ST E B D e Pt

TIZHE LU 30 7EETH S,
40mlJ/cm® DI IRE Z AT 21D
sequential chloramine i@ﬂﬁ(CT‘ﬁEU}Sﬁf@
8 19.6mg-min/L)IZ B 1} 5 A{E LR
&, <0.5log Tdh >/, Figure.3 ITART
£ D1, sequential chloramine ZLEE D Hij
WFT ORI S T, 40mY/em’ L .
DEESNR R IC & 0 10 2log DRTEAL LT, i A
INTIBET 3 - 7z (Figure.3)s /2. 60.
80mJ/cm” O EIMREIBEHZ BN TIE, TNEN, 3.4log. 4.2log DARIEALASATEET & - 7= (Figure.3)o
AEBHER KD, UV-sequential chloramine LE D 528, sequential chloramine — UV 2L, &
AEALRPGEND T ENMR SN,

Log Reduction

Cly—chlorine, UV—ultraviolet

B /K T O EiE R
Cedar Rapids QIR /KL, FEICTRENBATH 2720, ~FZ2BEL TRARBEDY VLT %5
o FUKAIZIE, 05mg/L OF > EZT7NEEN, 40ml/em® DRMNFRE TG U725, EBEOBK

434



WUVHT D F B e R IR (Bmg/L) & A FR
BIZhan & D, HEZEBML . 25404
IZHBNT, 40ml/ecm’
DIENMREIZBNT, ¥ 1.02log DA
IELN TR TH - /=, HFEZEM (CT
f& : 27.2mg-min/L) 9% Z &ITLD . 4log
FTAEALDFTRET H - 7= (Figure.d). &
NED, BT, HZEFITBNTH,
ERHMEDNREZEVWFIETH D,
adenovirus 2 dlog AELRIEETH - /2.

Wi

FH#E PO LK % Figure.5 IR,
Figure.,5 K 0. 7 2 EZT BEEEKIZ
X L Cid. UV-sequential chloramin ZLHE 7%
B ® adenovirus type 2 DARTEALITEN R
THBHZ ENGnD,

FIGURE 4

Log Reduction

Sequential runs with Cedar Rapids, lowa, raw water—
0.77 mg/L. NH,, UV dose of 40 md/cm?Z, followed by Cl,

7
3.05 mg/l total Ci,
0.33 mg/l. free Cl,
6
5.4 3.04 mg/L total Cl,
0.32 mg/L free Cl,
44
3.04 mg/L total CI,
3 0.29 mg/L free Cl,
24
14
Q-

uv . T=0min
40 mJd/cm

T=5min T=10min T=15min 7= 20 min

Ci,~chlorine, NHy—~ammonia, T-—time, UV—ultraviolet

FIGURE 5 Comparison of disinfection methods

' Log Reduction

6
i1 Sequential chloramines alone—C x T= 25,3 mg-min/l.
> UV alone—40 mdiem’

5] 22 Expected additive result
__ Bequential chloramines—C x 7= 26 mg-min/L, followed by UV—40 rdfem?
B Uv—a0 mJ/cmz, foliowed by sequential chloramines—C x T = 27.2 mg-min/L.

4]

3.4

2.1

1.

0

UV—uliraviolet
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No.74 J.AWWA October (2004)

BEAFSROMAH B~ DRI B A £S5 1 VRO

Application of proposed UYDGY Requirements to an existing UV disinfection installation

Paul D,Swaim,Stuart B.Jeffcoat, J.Alan Roberson, Steve Via,Guy Pihera, William D.Bellamy.

WEEE @ 2003 4 6 HICEENRIEE T R 51 > (UVDGM) (%) M EPA KDL EIN7Z. UVDGM
120 &E. Clayton Country Water Authority(CCWA)ft1d, Freeman Road Plant iZ33 W T, SR8 #H
JaEk DRERR M O PEZMREE L 720 Tier 2 DHTICE D &L Tierl ITHAN, SEIRO L 28R & BR
SOV EDY 12%8 D U 7z,

1. Clayton Country Water Authority £k Freeman Road BN IERE

Clayton Country Water Authority(CCWA)TLDE T T 2 ZICHNT.3 DORKERZEE LT
% (#57K AT 2 250,000 A)o Freeman Road DKM T, RFKZUHEL TH O, HEHBLEYD
W E LT, ME RN R IA MHZES. SHRBEFLERML T D, BINRINER.
HEERML TS, SEIARHEBERRIT. FORER L 91%/cm254nm)DERIC, T > THamN
R&E2ET, 50mlem” DEAIABERRTELLORFHINTVD, ARRITBWT,
Lamp-fouling/aging fR¥1L 0.6 WHREL TWDH, MR &L TE, UV HE—-DITDE,
12mgd(45SML/d)# L < 1. 6mgd23ML/DYLE TE DL DRETL TWD,

PR RS 720, ERBWER, RFWEREEZE L. BRAFLICED, EIETHEE
BAERE L, & LRRNMREEREE., KERBHIQLPHO)Z > 7 10 & 3 51 570 54%0E 3
Bhb6IE5,

UVDGM MFEXRIND AT, AL » 8Et SNz, BPA OHREEZRRE L TWD, It
HREE 1 0 AIZBE LT GAEPD(Georgia Environmental Protection Division)iZ 560 < 24 {& 1% ARIR AT
Bfile oz, BARMIZIE, MRMEYE LT MS2 2L U1 bOEFEERZREML .
ZOBE, VT2 2R VBRICE D, FIMRBRROME LT 072, CCWA tHORIMERIH R
BORMT, HRAMICEZZBNVWTS D, MHRRELOBKIZ, HEDMHRENPESNZWES, B
EORIEREZ LD, ERENFEET DI LIS,

1 AR

Freeman Road Jii% 2 35V) 2 $85MFR2E & OPERBIRGE & 2003 4F 2 AICHEML 72,

AR, B4 OWE. KEEFICBITH5ERMEN OANELOMR Z1T7/8-> 72, [FRH
W, RFORBREIZBWT, MS2 OHE—ICEIRZE N T 57200, BARBNERZTT - /2,
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BRABEET T BS54 > (8) Tierl FHMBEDILEE

HIVEWMHET T BRI 2 (F) D section 4 1IN TNBELDIZ, Tier 1 FIEIC X 2%4%
SRR R OEROAFEICZAMIEICEDE, IREINS, BUICLE2EEFET I, XK
BEHEYZaTIVD 4-17~421 IR SN TN I NEZHTT D20ENDH 5,

Tierl 12 & 2 - 2 M 27725 728, 16 D Tierl FLMER % Tablel I2FE ED 7z, FIHHMIC Lk
WTFRIRT EBDTH S,

A

TABLE 1  Tier 1 eriteria from the proposed Ultraviolet Disinfection Guidance Manual: A completed checklist for the
Clayton County Water Authority Freeman Road ultraviolet system
Criterion
Topic Requirement Met?
Ultraviolet (UV) intensity UV reactors with MP* lamps should be equipped with one sensor per Jamp. UV reactors Yes
Sensors with LPt or LPHOF lamps should be equipped with at least one sensor per bank of lamps.

UV intensity sensors should view a point along the length of the lamp that is between the No
electrode (lamp end) and within 25% of the arc length away from the electrode,

UV intensity sensors should have a spectral response that peaks between 250 and 280 nm. Yes
When the UV sensor is mounted on the UV reactor and views the lamps through watey, its
measurement of UV light greater than 300 nm should be less than 10% of the sensor’s total
measurement.

The UV intensity sensors used during validation and the duty and reference sensors used during No
operation of the UV reactor at the WTP§ should provide NIST-traceable™ measurements with
an uncertainty of £15% or less at an 80% confidence level.

During operation of the UV reactor at the WTP, measurements made by the duty UV intensity Yes
sensor should be checked against a reference UV intensity sensor. If the duty sensor reads
higher than the reference sensor, or substantially lower, it should be recalibrated.

If the dose-monitoring strategy uses an online UVT{t monitor, the UV absorbance at 254 nm Not
calculated from the measured UVT should have an uncertainty of 109 or less at an 80% applicable
confidence level.

UV lamp output The standard deviation of the UV output of LP ox LPHO lamps should be 159 or less of the No
mean output. The standard deviation should be determined using either life-test or field-test
data on aged lamps. i

Flow measurements The flow measurements made during validation and during operation of the UV reactor at Yesif
the WTP should have an uncertainty of 59 or less at an 80% confidence level.

Collimated-beam apparatus The calculated dose delivered by the collimated-beam apparatus should have a measurement Yes§§
uncertainty of £15% or less at an 80% confidence level.

Challenge microorganism Over a range of doses within 1 log unit of the log inactivation demonstrated during validation, Yes

dose-response the UV sensitivity of the challenge microorganism should be =25 mj/cm? per log inactivation.

For example, if the challenge microorganism log inactivation measured by the UV reactor
ranges between 1.5 and 3.5 log, the dose-response of the challenge microorganism should be
=25 mJ/cm? per log inactivation between 0.5 and 4.5 log inactivation,

If the dose-response of the challenge microorganism has a shoulder, that shoulder should not Yes
occur over a dose range greater than 50% of the reduction equivalent dose demonstrated
during validation.

If the dose-response demonstrates tailing, the tailing should not occur until 1 log reduction Yes
greater than the log reduction demonstrated during validation.

A plot of dose versus log inactivation for the collimated-beam test should have an 80% No™*
confidence interval of 10% or less at the log inactivation demonstrated by the UV reactor.

MP lamps During validation, the UVT of the water at 254 nm should be greater than the vatues specified Not
in Figure 4.6 for a given sensor-to-lamp water layer and UV-absorbing chemical. applicable
Biodosimetry sampling Five influent and effluent samples should be collected for each test condition and evaluated Yestit
as described in section C.4.9.5.

The standard deviation of the challenge microorganism measured with the influent and effluent Yes

samples should be =0.20 log units.

*Medium-pressure
fLow-pressure
$Low-pressure, high-output
§Water treatment plant

**National Institute of Standards and Technology

ftUltraviolet transmittance

$fAlthough the meter manufacturer did not provide uncertainty at the 809 confidence level, it is assumed that the stated accuracy (<1%) would result in compliance

with this criterion.

§§The uncertainty of the collimated-beam dose calculation was quantified. However, it is not known if this calculated uncertainty corresponds to an 80% confidence

level.

*#*The explanation and examples in the UVDGM are not sufficient to allow concliusive determination of the value necessary for this eriterion. Using one method, the
researchers determined the value exceeded the Tier 1 criterion.
t11Five influent and effluent samples were collected and analyzed. However, Section C.4.9.5 requires measurement of concentration within 24 h, a condition that was

not met.
Source: USEPA, 2003
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SRIVEEREER OB B
Freeman Road /KB Tld, 172D &, 1 A DENBEHRERZHREL THD, HEEMEL T
Wb,

SRR EERT OB IR

T TNOBBOE S 1,430mm TH O, SEIAREZHE, BH, ROEWEEHN S, 500mm
DOFLEICERE Uiz, 80T, WIVERREGHL, ERED, BEESOK 35%MNMEICHREL T
WA &IZ720, UVDGM % Tier 1 DHHEQ5%) % e L TV,

SROVERBR L BTG A — 1 — 1T K B E BN S OEEEAY 500mm OFETH, 300mm DHH &7
BRIZECRNWEDIETH B,

MEERE D ARY FIVERE
Freeman Road Jligd THW T WS EAERESHI, 300nm ML EOHEENFIZTHENT 19K T
HD, UVDGM EDORMEZIEE L TV D,

SRR BERT O BEIESD

SRAVRTRIE ORIEIZIE. R OFEITHER L TN D, SRIVRBRES A — 1 —1C L 2 &, NIST
BICHENT 25D LDIETH D, TDD. BEIZE AL, UVDGM(FER) 2L T &3
WA 72\, USEPA . UVDGM(R)IZBWT, MLOEBEKEHNWS Z L2 R Tna,

SEMARRER A — ) —ITLD & L B — L OMAEIL 3% TH 50, IFrEHECER
IKEDAREIZ SN TWIRWD T, UVDGM(FR)DEIEIT R L TO I A > Mk,

Australian National Standard(ONORM M 5873-1)IZ4 D &, 14 flOSEIMRIRBEFT 2B L 7=, 2
DD, FIVRBRES OAHEEERIC DOV TRMNTHE 5T, MARECRE, WEHM, 2F
BEHICDNWTIOA Y R &E{F/2>TWWA, ONORM DOFHETIL, UVDGM(E) TN T\ % RIS
IZDOWTHRMEN T,

UVDGM(E)ITB W T, AR T O AR E ERZ G T 2720 D ikimaYIRd 5 Z &V
£ 5,

SRS BERBERT DBEIE
Freeman Road fi% Cld. RIMVFREF OKIEIL. UVDGM(E)ICE D&, MifsEMO—8REL
T, EEL TWS FETH D,

UVT B —DIEREM:

SOV TR RE,  SRIVERBRE E BN setpoint mode. % U <1, FRIMERED control
mode(3RIMR BMEINIERIT D F MR I NNIDICTEET L FETHD. 40, FHliEfT
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S TR T, BB IR R T4 — 2 UVDGM Tier #UETRD 5 80% D15 HAKUETO AR EE
FICET AH RS0,

SRnss > Tlh

UVDGM(ENTTRD 5N TWVS LPHO Y AT LD T > T OETNTET 2 EWISERE 2 Tl 42
HENTWiRW, LA L. National Water Research Institute(NWRI)Tid, 7 > 7D F A M &{7T,
KOBEHERE LT, T TEMT 10U T THZEEL TS, HIERDT > 7T, NEH7E
RS NTWEEE, 5,760 RRRGEK R Ty 34%0BDITEEE>TNS,

Freeman Road WTP {251} 2 B D¥ESFRIREL, 242+ 1.1mWs/cm®, 30.1£0.3mWs/cm®. 26.5

+1.1mWs/em®. TH D, ZOBEOEEREIL, 1.0~45%TH O, EMED 15%% FlEl-> T35,

VEELET
Freeman Road DEBRMZR Tlid, BFENEEBOMBICHBE 28T L, RAERTOBREBEEO
HEIZ1%THD, BIZ3%LLF2EFFLTWS,

SRR IR S R

SROVBR RN R DO PERBRRGE LS, HERE|ICTHM L 7=, UVDGM(B)It X E ICii I N TV SRR
Stk Uz, BlE LTI, K 8.1em. $RIVEHRE &Y 20ml/cm2 12725 X 512, 162 RIS
AR ERE. R NUIMOFHE&IE 0.998 &L 7=,

FRRICHN T, BARBRBOHBEOREEN ZE R T 572D, sum-of-square method % 17z,
HER OEMNRBOAEE T, X1 2B H U, TOBOARHEEML 8.78~88%TH 5,
[t E ICBT 5AMEROREIEL T, 80%DEHEAKELZED TNEINIFHTH 20, AF
B, B-6 R—VEFBROFIETERLZD T, UVDOGM&E)DEEEZHT TS50 EBbN 5,

B - BN ek B
Table2 ICHRIKI T3NS 4 DDOEERITE VT, WRMEY MS-2 & 2.02~2.59log DARIELAT 770D
Nz,

TABLE 2 Validation test results from Clayton County Water Authority Freeman Road Water Production Plant ultraviolet
(UV) system, February 2003

Log Standard Log Standard

Power Influent Influent Deviation Effluent Effluent | Deviation Ms2
Flow Level MSs2 Msz Influent sz Msz2 Effluent Log REDY

Run mgd % UvT* pfu/mL pfu/mi WMis2 pfu/mL pfu/mL Ms2 Reduction | m})/cn?
1F 54 50 91.2 222,295 §.35 0.05 569 2.76 0.197 2.59 57.3
2F 6.0 50 90.8 273,521 5.44 0.08 915 2.96 0.17 2.48 54.1
3F 6.5 50 90.7 271,766 5.43 0.11 2,008 3.30 0.10 2.13 44.6
4F 7.3 50 91.9 305,343 5.48 0.106 2,895 3.46 0.060 2.02 41.7

SF 7.4 91.9 344,866 5.54 0.06 374,088 5.57 0.10 -0.035

*Ultraviofet transmittance
TReduction equivalent dose
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UVDGM(E)Z & B &, KR4 MS-2 DSESBIEE I, MS2 1log DARIEILIZHE O, 25ml/cm’
LLFESINTND, UVDGM(ZE)D 4-13 R—DIZTED SN T+ —< v MIEW., HE-EE il
M & Figure. 1 I 70w h L7z, ZOBOEMEKGLIE, FROEBDTHD, R*=0.956 TH ok,

AEILE (log)=0.0362 X 5554 F & +0.594 (1)
Figure.1 {ZR T XD, ZEAEMBOF S, TiLOEBDTH D, R>=0.959 TH > 7z,

AIEALHE (log)= -0.0002 X (BRI ED) +0.0587 X (SR ()
)T LB & 1.02. 3.590g DAIEKIZ

FIGURE 1 Freeman Road water production plant collimated-beam

2. FNF3. 18.6m] /em2. 86.9mJ/cm?2 dose-response data with alternative curve
DENRENBLETH D UVDGM(F)D 55-
BARTEACICHE E TN D AN RIBE 45
B2 25 5ml/em’. 86.9ml/em’ O HUE £ ¥ o y=-0.0002" + 00567
§ 35 .
=L TWwa, E 3.0 y = 0.0362x + 0.594
g = 0.956
UVDGM(Z)D 4-10 X—JIZRi#iE £ 259
()]
TRBES I, BARUCRAOEMGE 5 |
R D KE N O EMIREFHT X D N 1.04
WETH D, Freeman Road TOEERIZH 05
WL, BN RBERROEOERIT 0015 2 0 4 S 8 70 8 S0 160 150 120

UV Dose—mdem’

L TWDH, “DOKESLEROH
BT —H UL Tz,

UVDGM(R)D C-28 X—Vick b &, FA—HRaToERIT, Pha<ib 3mll kT s~
EINTWD, Freeman Road OMHRERGEOIZIE, FMEICH L T2 HERZITV., THENO
BRI U, 2 BEOHEIT/2 5 7. UVDGM(EE) T, replicate plating 1ZB8 9 % Aodlid /s,

UVDGM(R)D 4-10 R— 1T L B & SRV R, 3 REY O ARIELERDH 0.5, 1.0, 2.0,
3.0, 4.0. 5.0log /DL IRET HRELINTWS, Figure.l THL. AELED 0.5log &785
SR BTIIERZREEL THH T, KR LU ZEARRE TOAMELRIT, 1.0, 2.0, 3.0. 35,
4.5log TH o7z, Slog DARIELEFDITIEL, MS2 DFAKH IR EE(235,000pfu/mL) % 11T 5 MBS
HD,

UVDGM(Z)D 4-13 R—I2 k5 &, AR ENEROKREISE MR OB IEZ T 5
72D 3 DDOIENEHINT NS, TON, 2 D1, Tier 1 FHED 4.6 fHTBNT, DKL D
RRIZINTWEND T, Tier 1 FILZMTT20ENH S0 E S NIAMIT SN TWZARN,

551 OFEIEIL. 95%(F /K T D regression equation coeffcient WHEIEE X315, UVDGM(ZFR)D
itz C IZHBWT, p-statistics & HWREZ M L 20 RKE N TV D, A, ERIDEOE
Flid. y U, HED postatistic fHA3 0.0067. 42X10° &L TW5,
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52 OEMEL, S0%EEKETOHE—IEEMROT —F DEBRKHTSH %,

30U, Toy N UZIAEMHRET Y DERTH S, UVDGM(FE)D C-29 R—I KT}
Figure C-2 IZHIAEERE N TN D, AFIAT—FIZHBWT, BEREIFKOSE. ELERDO L TIZHE
Bo7oy b0, ZEKNEROGE. EREhERO EFiC s DOTF—FnH 0. FEIC7 DD
T—IMNHBHDOT, WHEDH, UVDGM(ER)DILMEZFHEL TWnD,

AR—BEiROR
Figure.l IZ/REND L DIZ, KEMNHEED MS2 RAERIZBWVWT, HiZAET Thin,
UVDGM(F)4 BIZBITS, HOBFEDOHEFIEDOHHIA T TH S,

AE—REmROT—Y 2T

Figure.1 IK/RENDEDIT, AT —FIZBNWTT— ) X FEME TNV, HOBHE &3,
UVDGM(E)IZBWNT, 77— UV OREROHEFEOHHEBILT LI ENEEND,

Figure.1 IZB W T, 105m)/em® DT EFZ1T> TGS, RABKAHEIL 90m)/em® &780 .
DG EIEATEALE 35log (T T, T—U 2 TRECTNWSE Z LTS5,

F 8- AR D 80 % 1R VEX

UCDGM(E) TRt TS
KE4R I 80% 1K - FRREIEK FIGURE 2 Freeman Road water production plant collimated-beam

dose-response data with 80% confidence intervals
MZRETSHYSFEZRE

95 EFHRBNEZ, Tier 1 140+ -90
HHED 0% BXHETD 10%L4 1201 e %
R -70
TOREARZEMYT 5 & 100- A 0«
#t LW\, Spreadsheet Z MW7z {3 % 804 ’ 5o L
Log (Ny/N) 5
BRI O BT a a o ropeesenne [0
8 nmmr =
MFEE AT 2LENH 0 " s o0 =
¢ = SUCL -
ﬂﬁ% @% < Gi?@ﬁ@‘ AHI & ﬁ\éé{E 204 &2 ‘ Uncertainty (%) -j((:
L\, UVDGM(Z)ICHBWNT, 1 0 S , , , , 0
3 i 0 i 2 3 4 5 6 7
ﬁfiﬁ%§+ ﬁjfﬁ ?E Bﬂ%\é [/ N %K? 5 Log Reductions
LIZ\E%)V% zEmbhh5 Ny/N—Influent concentration divided by final concentration

I.CL—lower confidence limit from statistical calculation
. UCL—upper confidence limit from statistical calculation
Freeman Road /K5 TR SLCL—Ilower confidence limit calculated by the spreadsheet program

SUCL—upper confidence limit caiculated by the spreadsheet program
T—5 D 80%LER « THEMEHBIX

M DWTE % spreadsheet & H WM FE RO, EHEGHEICE D 5 LU 728K Z Figure.2 1R T,

2.06log NEALT D 80%E X FNC L 5 &, $E5MRIRKE B O LR AL 54.4m)/em”® TH O, T
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RS, 28.8mI/em® TdH 5ot U T EEEFE TO LIS, FERAMEIL. Z1E . 44.9. 37.9m]/cm?
THD, MK UVDGM KBWTEERBEAMABLE L IND O THIUL, B aikat =X oM H
FlgERT ENEEND, — 4. B UVDGM IZB T spreadsheet FIEMFH I NDHDTHN
. B T 0 S AOERAFIEERT ZENEENS,

hES >
AEHEWE. LPHO 5 > 72 H L TS CCWA O iR I3 Ui,

EYRRBRI OV TSI T, B TY T

Freeman Road /K3 TO A >4 M OMWEKRIEICBWT, HAK, MKkOTFT—5 DIUERTY
fEATId, B S EIEME L 2. IR, UVDGM(ZR)DER &/ L TWwd, /o, C27 X—2C I
SAEDL. T2 TIVEIE 24 FEELANIC T 50BN H 5] EOFEHEN S 20, AEBR T,
PRRICY T) T&fTIe . BH, EREETEMLUTHEOD, 24 REFLUWNICRE ST EZE L
T, EBRENPHNCHD5E. 24 KRIEINO 2 HEH L. UVDGM(F)DHEAEIZBWNT,
FT7HA FERBREIZBNWT, BRA KRR ZFEEEL2ENEEL N,

SPRBRtOY > T >V, REBEZE

Freeman Road Facility TOF 281 MEBEIREEO —BRE LT, 4 O T, ERZIT-72, 4
HOERRIZBWT, MAK. FHEKOERERZEIZ. 0.05-0.11l0g. 0.060-0.197log TH 5. Z DOfEld,
UVDGM(E)IZFEEH I N TS, 2 TORMBICBIT 2 HHEREN 0200 L FTH DL DT, LDFE
WEMEL TV,

Tier 1 & O LEERS

Table 1 27”9 & D IZ UVDGM(E) Tier 1 X 16 HEN G5, TD 55, 14 HEIKHL T,
CCWA #:® Freeman Road SE/MEMFMARIZZLA L TH0D. 10 HHIZBWTAEZHEL Tn5,
MEFPRIMVRRER, AHEEER, MBSO EERET A LBRNEN D, AEED
g2 sk 7o,

Tierl DHUED D B, 4 DOEERER TETWRW, FOHEDO—DI, HERIEEZHHROEE
KHITHD. UVDGM(E)NIZ, stE K OILIEE EIT % /2 DI BHBEISERMN R ELE S T
W, FRD 3 DIBEL TIE, MRS TERS MR EZIETNE., &% UVDGM 2HE T %%
fiizshgd sz &icky, LRI IENTELEHADNS,

LLRT DFEIHIZ BT, CCWA #:D Freeman Road Mgk & PEARFRGEIZ. UVDGM(%E) Tier 1 D4k
TR I, EILL TR, F070, X2 a T IVORMEADH T, Tier2 S FikatngE &
ENTWD, KEICTAESHFIRICEL T, LT .
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UVDGM Tier2 ZHH7
REDReduction equivalent dose) bias

USEPA DFIEF 5% FVN T RED bias #RE 9 572912, Freeman Road fiid% T DEERES BT —
5 DR %17 > /=, Table2 IZ Freeman Road gk D HEREFARR T — 4 &RT . AHTIZBNTIL, B
— O test point Z 2 E L /z,

MS2 RED 7%, A RWAEY OTERITE B NZD, RundfF DFEERERE L=, Freeman Road fii
i TD Cryptosporidium DO AELHL 2.51og THY. UVDGM(ENWT LB EFIET B X F A7
— )V TOEINRER R 8.5m)/em” TH B, Run 4F Tid. 2.02log D MS2 BARITAL TN T WS-
. M5 D RED I 41.7mJ/em® &78 %, 7835, RunlFCO RED  bias 14 2.21 TH D . RundF IZ
R23% ERHLTNVS,

Polychromatic bias

Polychromatic bias /& LPHO T > 7% il TW5 CCWA LD filizk Tld. Bk,

KU 72 Uncertainty safety 8

Uncertainty safety BROPLKIEL, 2L EHEEMHRO RED &3LIT, USEPA DL 2 worksheet
D—HELT, RESND, p86 ITHWVWT, BRFEDEIHE worksheet MBI I N T %, RundF T
BONEAET —F O, B2 TIVECR, BEERE, WRBEMOARIE{LE, RED M35 E
NTnha,

BHEXD, RAEOREEEL 291 LRI L, 2078, 2.5log @ Cryptosporidium D ARIE(LIZ
BEL T, "R D RED &, 24.76ml/em® TH o (RN F AT — )V ORBRTOENREREN
8.5mljem® TH ., KEHKIN 291 TH5H/0) ZOHEIE. UVDGM(FE) Tierl IZBWNT. 2.5log
? Cryptosporidium @ RED f& 28mJ/cm® & 0. /NI /2B & 785 TW5B, Tier2 FHEZEMWVWS 2 &IC K
0. Tierl FHEITIL, BABRERBENHK 12%D L TWBH Z &iTin 5,

ot

KB D HERL, USEPA @ UVDGM(E)EEBOENMRE L AT LICHAT S Z LICXD. 20
FEEHPEICBI L TR L 72

UVDGM(Z)®D tER1 YN, Table 1 IKRT LD R 16 HAMN S22, 2055, 14HBITHL
T, CCWA 11D Freeman Road $RAMRHAMERIZZHU L THO., 10 HERKPBWTEEZHEE LT
W2, MEFHCEIBERT, AHEE EHR, WMESTOAEE BREIADRERISL =D, #
He & DN S/, Tierl OFEMED S B, 4 DORUERFEE TETW RN, TOHEDO—DI.
WESSFEHBROBEX M TH Y. UVDGM(E)AIT. FtE R E RIS 5 720 17 20 2 1%
MFDLE S N TV, Tierl OFEMEEZR2TIE, W2l THWRWED, Tier2 OHTANE &/
%o Tier2 PHTIZ & D &, Mgk DI IR BT Tierl 1ITHAR 10~15%K Wl & 725,

ACBIT SR E LT, CCWA tEDBEFE DR 78 UVDGM(Z) 22 % T & MEFE S #1172,
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ROPITEDTE, RO 4 JICBE LT, USEPA IKEEEfT/2 o7z, (1) REBHOEREHOMEIE
# L <IZHIFR (2) UVDGM DOFIAEZEAD, THEE BEHEOERICBIT 297 Hikamicid 5
HWEME (3) B2 7N DT ROERFRICE LT, HDEREHOAMIBET S, (4) FEHI7H
At B BITERET D726, B BlR I O BRI AT TFIEE L <Y R— by —)L Ot
BI85 9,

AEEFITB LT, USEPA NIZTRFAL TH B S T &Ik 0. &K UVDGM WMl ¢, SR
L7bDiZhsEEbhs,
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