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Efficacy of Pulsed White Light to nactivate microorganisms

Debra E,Huffman 5

1. fHE

HE/SIAKIZEBZNT T U T, OA4INVA, JESGYOARELERZTo>/. £z,
Cryptosporidium DORNELFEAGIE DAPYPT . Biggik, MilasimEgs, BidasicTfT
S7ze EBHRED, EPAREDENITUT . UAIVA, RAEEYORE/ILEZ B/
ANIRBEIZ L T, W29 2 ENMERE N,

2. Fik
2.1 A5 Tk

PRI ALEE U 72 /K8 K (typel. TR D/KE) & A U 7= K@K I 2AEF R Y &
500mg/L. 10NTU D#EHE. 2.5mg/L LA LD TOC & INA =K (type3. KE BV 2 AHE) % i
U7z, #lBbKIZ. 4gallon/sy O —EHE T B NICHIA L 72,
2.2 HHEOHIRE R

3DDEEIZ 1 KB 0. dgallon/sr DikklkE R > T2 X DG LTz, 3 RFNUTBWTHRIE
fLFEBRZITN, —DORICTIHFEDERL., NIFUT7Ty—T& 00T RARY DV AOARE
LB ZIT 572, typel. type3 DIKIZBIL T 3[BT DHRERZEITV, MAEMRTY > 7 )L OEREL
KX 48 WIREHBE DK E DT, Fo, EBME U T, poliovirus KO rotavirus DRIFAL IR
% typel.type3 DKIZH U T, &t 2 [1f7 5 7z, IREEN 103~ 105PFU/L Td % . Cryptosporidium
DOREAL OB 2T 572, typel. typed DRIk LT, 10%ocyst/ml Z @I L 7z K5 % & 2
EIFFReA
2.3 MR

20gallon DKIZHAEBZTRML ., H—iZ/x5LD 5 BB LUE, SEKEEIZY MC
4gallon/7 TR FITTHRIG L. 12-14gallon O/KZELE L 748, A KNFRHIZKZ 1L 8K
U7z
2.4 TN OUENR KOG
Klebsiella Terrigena(ATCC#33257)
50mL @ TSB iAW L. EHAIET 2 TR LN s, B8 217> 7. WEko
S HTHE m-Endo BRI (Difeco)E HWZ A>T 507 4 Wy —EIC X 5,
Bacteriophage MS-AATCC#15597B) & X PRD-1
E.Cold ATCC#15597) & Salmonella(ATCC#19585) & D #fiii L7z, 4 #iidiiag &b, KT
SICHR_ZHBEZHANWTH L,
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Poliovirus typel. Simian rotavirus SAI11

Poliovirus, rotavirus 17 101U % K%¥® Dr.S.Faeceah &£ D AF L. Buffalo green monkey
(BGMkidney Mla#kIZ L D H55% L /=, Rotavirus ORI, poliovirus &[FEEk. MA104 #i
AN DB D&M Lz,

WAKIET 1 & —WE L. 1ml 26 L7z PBS IKICT 107, 105, 106, IZFHWL T,
BGM # U <13 MA104 DHEEIC L O 704 UZze MBKIE T 4 )b — BB, 1ml KX 10ml
% 25cm? D7 5 A BGM 4 L <14 MA104 DHJEHEIZE D o4 Lz,

Poliovirus %5 O EHE 45 7 BGM MIEHE RICTHEE L /2. 2%0% £ O T4 DIfiiE.
1.2%DFEKR. 0.001%D=2—hrI) L v FEMATZ Minimum Essential Media(MEM) 7 &
ATHNA 3 HM# L s, TD 75w 725 L. IREEPFU/ML) ZIRE L 7z,

Rotavirus Z & T30EHI 45 27 MA104 OHREIEIC K D3 L7z, Serum free ® MEM 5%
W L-ZIE 2>, JUEWEA,., N T2 2ET7 3 XTEHEML. 37THED CO2 1 >Fa\—%
=T 1AMRER Lz, MAKMORHOBENEICE, BiEfiEE ANz,

Cryptosporidium parvum oocyst V& Idaho @ Pleasant Hill Farm DG L /= P DIEH
L 0RERILU 7=, Oocyst 13 4 B TH 0, 4-7TCITTHRAF L=, K & 0EK(BOmL. 1LV 1050xg
% 10 5O OTEEC Lo TR S Nz HEMIIRS IR DEREL &,

2.5 TR ONEGERUR

oocyst DIEMER VG BEARRIL DAPI/PT v, REEE, MlOgREgys, BREED 4
FEENHWSNTE, DAPI/PI #£id Campbell 5D, [H8E1LlT korich &, Mk EEIS R
MR E W=, Eio, AWMU THW:, BiEE9ElE DeMike Arrowood 12X D1THOHL,
#HiA:D Balb-C DT AZENTIThNIZ, A% 5 HEOY T AT 25 1 L ZIREFNTRE MRS
Ulzo BIBERNT 5~10 RO T A% ME L7z, B 7 HRIC 3em B ORI GRIKZ D
U, 25%DFE7 OABRA ) T ATR L, NGRS 2 FIAEEICE 04— A Ozt -
T2e 2T AVTFATT VBT IVA LA (OWS0-FITC) &K% D Cryptosporidium
oocyst DHLY T— AL DR E & HIcHiE L, MIRGHERITTEHE L2, BIZEI OLiY)
T LWAFICTRED A AL, LR EFRROS &7 o7z, BEDRBRIEE., 1 KTETHER
¥ TR DB BDRO oocyst BT EHDDBDTH 5, GO H DA — A Md ke
Bakicdk > Tt L7z,

3. #&R
F{aY612 & 0 Klebsiella terrigena v 7.79log NEL X 3, £ DHERZ tablel IT/RT,
iDLy bOTFT—FN56, UVAHBROBRMEOBIEIELR S Naho 7,
Bacteriophages MS-2 & PRD-1. enteroviruses. poliovirus Id 4log KL EAIEILES N, £D
5% table2. 31TRT, '
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Cryptosporidium oosyst D A1E{LZ % DAPI/PIL 5. WigEis, MifEREpdyE, SRt
FWTZ 3l % table4-9 IZoRY,

4. &R

BV AKIZ LD EPA A RS54 DN FU T O Tlog RiFEL. 71 VAD 4log Fik
b, FRAETHO 3log NMELOIMEE /- T T EMMER I Nz, £z, EKRERTHBVWIKEI
BL THRBRICIRND D T LR SN, Tz, NECOFMAEICBEL TUTFOZ &8
A5,
DAROA MIEERSH 0. BEEZTTOWRNEI RIS B THREME 2L >TNDS
BOMNH S0 T, HEEEE DAPIPL EIC L 5 NE O, HIRAH 2,
OfifRE G, 2ROV N OEFEMBAOBAKNERENZNETLHHDOTH Y,
JigEiE K O DAPUPI £ &L D BWAREL R ERT Z &I/ 5,
QR Gk & BMRGEZ ik U156, HERA 5N 5,

4 FE T B GIED D B LR B AR & SN TE A MR IE I BN T,
Cryptosporidium DANELEFHIT 2 DIZ, LI TFRELHETHIEERMETH S LN A
D,
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Table 1. Inactivation of Klebsiella terrigena by the PureBright unit

Average*
Day # unit # mfluent/mL Effluent/mL Log,o Inactivation
Challenge
1 1 2.5x10° <0.01 7.40
1 2 3.0x10° <0.01 7.48
1 3 2.5x% 10° <0.01 7.40
3 1 2.3x10° <0.01 7.36
3 2 2.5x10° <0.01 7.40
3 3 2.1x10° <0.01 7.32
5 ok 1 <10’ <0.01 <7.0
5 ok 2 <10° <0.01 <17.0
5 #* 3 <10° <0.01 <7.0
post 48hr. stagnation
1 < 0.01
< 0.01
3 < 0.01
6 1 1.1x10° <0.01 7.04
6 2 1.2x 10° < 0.01 7.08
6 3 1.2x 10° < 0.01 7.08
7 1 3.0x10° < 0.01 7.48
7 2 2.0x10° < 0.01 7.30
7 3 3.1x10° < 0.01 7.49
post 48hr. stagnation
1 < 0.01
< 0.01
3 < 0.01
8 1 o 12x10° < 0.01 7.08
8 2 1.2x 10° < 0.01 7.08
8 3 1.2x 10° < 0.01 7.08
Mean Values for all units: 2.0 x 10° <0.01 >7.30

Assay performed on M-endo agar,

Worst case water used days 6,7 and 8

¥ Average of 2 replicate counts

#* Influent level below 10°/mL

*** No Klebsiella terrigena was detected in the effluent however, no log reduction can be

calculated.
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Table 2. Comparison of the Inactivation of Virus and Bacteriophage Post
Exposure to the PureBright Unit 1 using Average Case Test Water*

Organism | Challenge Influent/mL Effluent/mL Percent Logia
Date Inactivation Inactivation
Rotavirus 11/1 2.6x10° <0.036 >99.9986 >4.86
Poliovirus 9/5 6.2 x10° 0.37 99.99995 6.23
PRD-1 8/13 2.5x 10° <1.0 > 99.9996 >5.40
MS-2 3/28 2.0x 10° <10 >99.995 >4.30
* Virus analysis performed before and after 8-day challenge study
Table 3. Comparison of the Inactivation of Virus and Bacteriophage Post
Exposure to the PureBright Unit 1 using Worst Case Test Water*
Organism | Challenge Influent/mL, | Effluent/mL Percent Logio
Date Inactivation Inactivation
Rotavirus 11/1 1.2x10° 9.33 99.9922 4.11
Poliovirus 9/5 3.9 x10° 3.944 99.9900 4.10
PRD-1 8/13 6.0x 10° 9.0 99.9985 4.83

* Performed afier 8 day challenge study

Table 4. Excystation of Cryptosporidium parvum as a Measure of Viability Post
Exposure to the PureBright Unit 1

Day Influent Effluent Percent Logyo Influent Effluent
% excystation | % excystation | Inactivation | inactivation sporozoite vield Sporozoite yield
1 56 7 87.5 0.90 2.59 1.48
3 56 20 64.4 0.45 2.59 0.29
5 62 11 82.3 0.75 2.63 0.14
6 59 14 76.3 0.62 2.89 1.15
7 63 18 71.4 0.54 2.76 0.77
8 68 24 64.7 0.45 3.08 0.27

Table 5. Vital Dye staining of Cryptosporidium parvum as a Measure of Viability
Post Exposure to the PureBright Unit 1

Day Influent Effluent % Logig
% viable % viable inactivation inactivation
1 75 28 62.67 0.43
3 73 31 57.53 0.37
5 83 53 36.14 0.43
6 83 49 40.96 0.23
7 74 48 35.14 0.19
8 84 31 63.10 0.43
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Table 6. Cell Culture MPN of Infectious Qocysts Determined Before and After

PureBright Inactivation
Sample ID MPN Influent MPN Effluent Percent Log;, Inactivation
(per mL) (per mL) Inactivation
Day 1 1.84 x 10° 14.25 99.92 3.11
Day 3 1.84 x 10° <1.00 > 99,994 >4.26
Day 5 9.6 x 10° 14.25 99.85 2.83
Day 6 1.84 x 10° <1.00 > 99.994 >4.26
Day 7 1.84 x 10 14.25 99.92- 3.11
Day 8 >1.73 x 10° 36.72 >99.979 >3.67

Table 7. Number of Positive Wells Using a Serial Dilution MPN Assay in HCT-8

Cell Monolayers
Sample ID - Dilutions
107 10° 10° 107

‘ Day 1 Influent 3 3 3 1
Day 1 Effluent 1 0 0 0
Day 3 Influent 3 3 3 1
Day 3 Effluent 0 0 0 0
Day 5 Influent 3 3 3 0
Day 5 Effiuent 1 0 0 0
Day 6 Influent * 3 3 1
Day 6 Effluent 0 0 0 0
Day 7 Influent 3 3 3 1
Day 7 Effiuent 1 0 0 0
Day 8 Influent 3 3 3 3
Day 8 Effluent 2 0 0 0

* unable to assay
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Table 8. Number of Infected Mice using a Serial Dilution MPN Assay Approach
(Challenge Avg. Case Water 9/15/98 and Worst Case Water 9/22/98)

Sample ID Dilutions (+ mice/total in litter group)

10° 107 107 103 10™ 107
Influent 6/6 515 5/5 2/5% 0/5*
Avg. Case Water
Effluent 0/7 0/6 0/5
Avg. Case Water
Influent 10/10 6/6 6/6 2/5% 0/5%
Worst Case Water
Effluent 4/9 0/11 0/6 0/6
Worst Case Water

* A hypothetical calculation based upon a previously reported IDsy of 100 oocysts
for C. parvum in mice

Table 9. Animal Infectivity MIPN of Infectious Oocysts Determined Before and

After PureBright Exposure

Sample ID MPN Influent | MPN Effluent | % Inactivation Logye
(per mlL) (per mL) Inactivation
Avg, Case Water 248,672 6.57 99.997 4.58
Worst Case Water 248,672 20.70 99.992 4.08
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No.19 Water Conditioning & Purification (2002)
AT AU RITBIT2HEK AT LND UV HFEROBUR
Status OF UV Disinfection of Municipal Drinking Water Systems in North America

Thomas M.Hargy

1. B

BRI 0V ERNEE TIE NUNDO A Y S EOWERIERY OBENSRE SN X DIk,
REWHEOMRENLE L SN Tz, T VB ABEBIERITHO. FEEED TWDAH
(BRI VSRR RN A U BBEN R T BTN N RS 5EDORMENH 5,
1993 FFIZ N T A F—INTTHZ U T R ARY DU LDOBRENR I > ThHn, ZJU T RAR
D0 LAONIRFENEEHIND X DI/, AWWA B HI(AWWRF) 8 155
(EPRDZEZ < OWIFHBI NG EZEIC R D L. B EITV. RYIEEREICTER 2T
W, ZO%., EKEEICTEREZTD. 5-10ml/em® DI T U T R ARY D7 L0 dlog RiF
b9 % & OWMEN/L I NIz, Tablel IZILT AU HIZBT B UV fEROEARTICEL TORT,

USEPA DFANIZED . 40m)/fem® DERIREBE 21T o 72858, 3log Ll EOARELARAHETH
0. A I BNT 2log DRTEILEITTOBRD 40% DB TH D, FEFIZLMTH S & O
HB o=, Lo L. Calgon Cartbon #3714 TH U T b AR 27 LD UV EEANDEANT
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BLTHFFTOUTRRRY DT LD UV EEBAOBERICET RETE, 2000 127 AU D
T, 2001 SFICHFFITTHAE L, 1000 H 021 0 =3785L)I2 D&, 0015 RIVOEFRE %
BINTZEL TV,
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No.20 AWWA Water Quality and Technology Conference Proceedings
LGSR AT LICED T VT R AR D9 L OREL
INACTIVATION OF CRYPTOSPORIDIUM PARVUM WITH POLYCHROMATIC UV SYSTEMS

o

ATEXANDER A. MOFIDI 5

1. W

Cparvum A —3 A MIHT5%E (200~300nm) @ UV BEOREDRERET B F
A =)V DOEBEIT5 e Cparvum A — A b (10°~10° oocysts/mL) 2 4LHE L 7= R FKIZ
Bml. FPIE UV &7VVA UV 285 Uz, UV ERERER S BRsHc L v eheinil
E L,

A=A FOAEE, b MilggEaRiRE (522 A M) KBTI ERIKEOE BiE
Z VW RT-PCR i) & AWz BEER AL D e L 7=,

BAID/IVA UV OEBE T 16mljem® E21EZNEL LD UV BE T, Cpavum E5EEIC
ANELUTE Glog BLE) . HEUV E/NVA UV AT LAOHMAEDHEIZL 2EBR T HEHW
IZ95%DEEMT, 7.6 & 1lml/em® D UV SARICE D, £HEH Cparvum % 1log & 2log Rik
k5 E%ERUE,

Bl OWFE Tl HE UV BBEAS, Cparvum DG — 2 2 S O EEHRED UV THR
I S5 2 ENTEBEMEINTNS, TH5 ORI, BE UV I AD O
PRITRNRDNIZ N ED, IEFICE VR, RERNIRELT S &0 D &5 79I ORF5E & i
HThHa,. oSO OMIETIE, Cparvam OEFORFEIT. propidium (PI) < 4’6
diamidino-2-phenyl indole (DAPD) DX D724 RlOIDIAHIZ L D RET 2 & WD iBRIEE AW
Tz, BEEERBRE AW BEOWIZETIE, uv WL, HiEIANTOL -2 A K
OHEBAEHIEL. HBEOFHEICXDEL TWD EEZ 5N,

INSDOHUWERIL, JERIIBREETH DN, FET—IRRLNTNS, I 5T, UV
IZE& % Cparvum DOARTEITH T 2 EEHRE & ORISOHEBBERNEZMIL I N TN, 2
DHE T, UV BAIC L DHIED Cparvum A — A FOBEEORIEIC, & Millatgisz
Mz,

2. fER

RIS EERAMTH N NI Table 3 1Z/R L7z,

INSDOERBRIL, A — X b ORHRAEIL-> E0 B0 OERIFREFERT 572
DIZ T8O bO—)IVEZATND, BRI A — 2 A b ORAY 19~59,700 (1.3~4.8
logi) DEITH2EZADOREWIRERN S EHINERIERE Fig3 IR L7z,
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3. fha

B UV &70VA UV IZHT S Cparvum DS, & OMZE T OV LB R TR
TH5EEON LUV VAT LEOHAEDEERTIL 95%DEFEMT. 7.5 & 11ml/em’
D UVHEDONWTNOHEFIIBNTH, ZNEN., Cparvum DREGRAEE 1~2log,  HD /=,

PIVA UV AT L. 16mi/em® DR T Cparvum DG % 3-log, M LIED & H 7z,
{ERETD/VIVA UV fifilE— RIZ& D UV BREOFEIRE WA, ZORFIRDBETIH
720, 10mL/em’ AR D UV &Y Cparvum 2RI B EMTESD EWNWD ZEMNHEIN
TLLSe. U1 )V A DIHEL, SRBKDlFEE LT UV P AT LADORBEM &SI T 5 & &1,
fIHRFELTEZAONDTHAD,

UV HBHIIIAE, Cparvum ORIV FNY T —a> hO—) )b E UTHINIME S Z &0
TEDM, WML TUV Y AT LAOREGFTEIT 25, F72 i KBEL (100 million gallons per
day ) TEHEHT 0%, Z<ORMOBERD D, FEBYO UV BEINT B8 EMETT
BT TR, KRB AT LCHIT D UV BROREAEORHFES, HEHR (&2l
EIKDEE R T B/20DA > T4 2k UVERBERE) OREICODVWTHERET
H5,

AEHICBIBBEBIFRO v KT 2HET 027 FEUT, TS OREAE
nEiFensThsrd,

Table 1. Characteristics of Typical Low-Pressure, Medinm-Pressure, and Pulsed-UV Lamps

Characteristic Low-Pressure? Medivm-Pressuge® Pulsed-UV
Wavelength Monochromatic, Polychromatic, Polychromatic,
85 to 90 percent 185 10 1,367 nm 185 t0 800 nm
at 253.7 nm
Emission Continuous-wave Continuous-wave 30 pulses per second
Mercury vapor pressure 107 0 107 torr 10 to 10% torr N/A
Operating temperature 40 w0 60 °C 500 to 800 °C 15,000 K¢
Arc lengih 401075 cm 510 40 cm 15 em
Lifetime 8,000 to 10,000 h 2,000 to 5,000 h >1 x 10° pulsest
Relative light intensity Low Medium High
* Information provided by Dr. Karl Linden, Department of Civil and Environmental Engineering,
Duke University.

t Information provided by Innovatech, Inc.
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Table 2. Water Quality for C. pervum Inactivation Experiments

Parameter Units Mean value or range®
pH —— 8.1
UVass cm™! 0.03 to 0.06
Transmittance¥ percent 93 to 89
Hardness mg/L. as CaCO; 230 to 308%
Turbidity ntu 0.06 to 0.20

* Range not shown if parameter did not vary significantly.
+ Transmission was calculated by the Beer-Lambert Law (100)(100mence),

1 During these experiments, source water for the pilot plant ranged from 100-
percent Colorado River water (CRW) to a blend of CRW and water from the
California State Water Project.

Table 3. Summary of C. parvum Inactivation Experiments

Date and Reduetlon Date and Pate and Reduetlon
Systam Sample i Syatem Systew tn
Type . fdentificotion Tafectivity® Type Type Infectivity
(Iog”l {loge}
Dec. 18,98 Process witee 47 gontrol 0 Apr. 7,99 Process water “+” control g
Pulsed UV Hest-inuctivated - cantrol b Med. Press,  Heat-inactivated “.™* contyol t
Nou-infected slide $ Non-infected slide t
Cuvette only "+ coutrol WA Petri digh “+" cantrol 0.0, 0931
3 o slmrwer V& control 1.13 1.9 mYfem?® § 0, 1.62, 1.1t
Sarple st 8 om > 1.8 wlem? § 114, 1.80, 2.12
Sample ot 18 em (3012 5.2 m¥em’ § 121, 3,09, 2,11
Feb. 8,99  Process water "+ control 4} Apr, 19.99  Process water “#" conirol ]
Med. press.  Heat-inactivated “<" contro} b Pulsed UV Heateinactivated “-" control ke
Non-infected stids 1 Non-infected slide t
Petri dish "+ control g Cuveite only “+” conitrol ]
0.6 mlem® 0.06 36 em sirmmer: 0.3 mifom’ § 0.59. 0,0
§.0 mlfem® 0.03 1.2 mYem® o1 36 cm § 0.53,098,0,0
b4 mMem? 0.00 2.4 mliem® et 36 em § 1.29, 1.01,6.90,0.74
£.9 mlemt 0.20 3.1 mMemt ot 36 em § 0.93, 1.47
2.3 mllem’ 0.49
2.6 mMem? 0.31 May 3, 99 - Process water “4" control 0
3.0 miem’ 0.67 Puised UV Hest-inactivated “-* control 1
Nou-infested stide 1
Fab, 23. 99 Provess water ™+7 control [¢] Cuvette only “+" cantrol 1]
Med. press.  Heat-inactivated - control T 36 cm simmer: 0.3 mdfem® § 0, 0.40, 0.656, 0
Non-infected slide t 2.9 mifcm® at 36 om § 0,0.53,0.97,0.70
Petri dish “+" gontrol 139 ¢ 4.2 mifeey at W8 cm § 0.66,0.06,9,1.43
2.1 m¥em? 0.07¢ 5.5 mifemy’ 8t 36 oo § 2,20, 0.98, 2.00, 1 .45
3.0 wm¥em’ 0.35%
3.9 m¥em’ 0.64 ¢ May 24,99 Process water *+™ control ¢
4,8 miem® 442 Pulged UV Hest-inastivated “-* control $
4.9 m¥em? 1.09 ¢ Non-infected slide ¢
5.4 miew? 1298 Cuvette only “+"' controt N/A
6.0 mllem? 1.39 ¢ 18 cm simmer: 1.4 mifemd § 0.25
8.1 mifem? at 18 om § 3.01,2.68
Mar. 8,99 Process water “+" control 0 2.9 mler’ ot 36 cm § 2.80
Pulsed UV Heat-inactivated """ control t 5.5 mbom? at 36 em § 1.28, 1,57, 1,89, 1.28
Neneinfected siide t 9.4 mlem®at 6 cm § 3.30, 2.48
Cuvettz only “*+" contral 0
36 ¢ simmer: 0.3 ml/om’ § 0.G9 June 7,99 Process water '+ conteol 0
29 milawiet 16 em § 0.00 Pulsed UV Heat-insctivated "= control 1
1.8 mlem® at 36om § 1.56 Non-infected slide 1
3.6 m¥fom’ st 36um § 3.32 Cuvette only "+ contro} 0
36 em simmer: 0.3 mllen? § 0,22, 0, 0.43
2o mlerl at Y om § 0.67
5.5 mlicm? at 36 em § 1 40, 2.44, 2.02
8.1 mlom? ar 16 em § 1,71, 2.84, 2.10

" Multiple data points are presented when secial dilutions were made.

+ The number of infective cocysts was below the detection lmit of the cslibration curve for these experimenty.

+ Becsuse of the 1033 of 1.39 o of 0ocysts in the petri-dish control, all reported experiment results have 1.39 log,e subtracted.

§ Hecause of UV light measured by rsdiometer during the {5 3 simmer mode. 0.3 mi/fem?® was added to the UV dose for 36.cm
carpies wid 1.4 mica? was added to the UV dose for 18-cm semples.
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Fig.6  Inactivation of C.parvum by Puised UV and Medium Pressure UV System

142



No.21 APPLIDE AND ENVIRONMENTAIL MICROBIOLOGY. Vol.67,No.10,(2001)

SAVRARTEAL, JEATEM LR ORERIEIC BT S, KIFEET U TR AR DU LD
B2 T REONE
Determination of Pyrimidine Dimers in Escherichia coli and Cryptosporidium parvum
during UV Light Inactivation, Photoreactivation, and Dark Repair
KUMIKO OGUMA 5

1. Ky

RGWEE T )T S AR D0 LORINVEARIE, JEEE, RHEBIIHNESZ TN (ESS)
DB E DR INTE/Z. TOWFRICE D EDOGaRD DNA OFIZERMRIC I D
REINZEYIPVZBRZHUET D ENTER, AL ORE LI NEKIBED
99.9%ICBNT, SRIVRIBHRR LS, KBEO DNA RIZHERINEZE) IV ZBEOKD
MICE W ZD bz, KRIBER O IO —4KiED DNA DU I D2 —BIEOKEE
WARBEHMEDS B > f2. 2D Z &1 ESS BB O = — AR DHIEIC WS N T E =58kt & [F
HOHETHDZEERLUTND, KIBEIL BIVRIEENTI D 99.9% 0 RIEL S Ntk ic
HRERNIND &, IMRICIDERINE DNA FOYY I D8R3, B El
TN, AOZ—TEREEIIRAICEE Uz, U U SEIMCRTE (LSS, WRREBIC BT 5 &, KB
BIZEY R DT BAROBE LI -HREDEEOWTN ORI Moz, 7 U T M AR
DO L SEAMERARIE LR RN S Nz & &, DNA HhOSMICE DERE Y
I DY TRENERNICEBEI NS, B OBEMEOEHEIIERD s oz, IR
REBRICHRREBICENM NS, ZU T RARY DoAY 2D ZBIKOERIZE MM
Ho7, BEMEOEEIIRE o7z LN T2 U 7 RAR) D0 AORGME, defafk
DNA OV VIV BAEOEBEE TS A b, SHEH L EZIERREDOWITNICL > ThE
CRAT Y

2. Nk

(1) WEW

BRI U =AY, B.coli IFO 3301 & C.parvum HNJ-1 TdH 5, Ecoli i, 37CT
24 W RARE BRI T 1 I VIO e a0 =By 7 T v T Uiz, TORIBE L) >
IR (pH7.6) TP DIBEN 25X 10~4.0X107 CFU mll &7 5 & D288 L 7z,

E .coli OFEH (40mD . WL =X B UL (¢ 100-mm) IZAN, JEO K TRICHN
517z,
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(2) SRHVER & HOCRR O HaEY

UV SRR, 2EOEE UV 527 GREIT. 20W, HZ) MLk, 2564nm O
ETO®EIL. 0.24mWem?2 THO, TOMWEIT UV MEFTHE L. UV OBREBITRE
Rz a2 hO—)L 52 &ICK DAL=,

AR TRIZDWT, SRR K D 99.9% & ki, #khc 3OBET (Aot
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FI1G, 1. Example of ESS assay during UV irradiation of E, coli. (A} Photographic image of the alkaline agarote gel after electrophoresis. (B)
Diseributioa patterns of DNA in relation to molecular length standard markers. Arrows indicate the median point of each distribution pattern. UV
doses of 2, 4, and 6 mJ am™* corresponded to 90, 99, and 99.9% inactivation of the colony-forming ability of £. cofi, respuctively,
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FIG. 2. Relationship between UV dose and number of ESS during
UV irradiation of £. coli. The regression on a straight line which passes
through the origin of the coordinates was determined by the least-
squares method for two independent series of experiments, Coefficient
of determination (%) was 0.987 for eight data.
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FI1G. 3. Relationship between number of ESS and ratio of colony-
forming ability during UV irradiation of E. coll. The regression on a
straight line whose intercept was fixed to be 1 on the vertical axis was
determined by the leasi-squares method for two independent series of
experiments. Coeflicient of determination (%) was 0.991 for eight data.
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F1G. 4. Example of €S8 assay during UV and fluorescent light irradiation of £. coli. {A) Photographic image of the alkaline agarose gel after
electrophoresis. (B) Distribution patierns of DNA in relation o wolecular length standard markers. Arrows indicate the median point of each
distribution pattern. Dose of UV was 6 mJ em™ for all samples, which corresponded 1o 98.9% inactivation of the wolony-lorming ability of £. coli.
FL indicates saposure to fluorescent light ircadiation.
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FIG. 7. Relationship between ESS remmining ratio and colony-
forming ability ratio during fluorescent light irvadiation of E. coli. The
regression on 4 stralght line whose intercept was fixed 10 be 1 on the

vertical axis was determined by the least-squares method, Coefficient
of determination (7 was 0.799 for 10 dasa.
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FIG, & Kelationship betwesn UV dose and number of ESS during
UV irvadiation to . parvum. The regression on a straight line which
passes through the origin of the coordinates was detsrmined by the
least-squares method for three independont scrigs of experiments.
Coefficient of determination (#%) was 0,978 for seven data,
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FIG. 9. Example of ESS assay during UV and fluorescent light irradiation to C. panmm, (A) Photographic image of the alkaline agarose gel
after electrophoresis. (BY Distribution patterns of DNA in relation to molecular leagth standard markers. Acvows indicate the median point of each
distribution partems. Dose of UV was 2.2 mJ em™* for all samples, which corresponded to 99.9% inactivation of the infectivity of C. parvum. FL

indicates exposure o fluorescent light irradiation
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FIG. 12. Profiles of number of ESS and relative infectivity of C. parvum duding fuorescent light irradiation after UV lrradiation at 0.72 (A) or
1.44 (B) mJ em™2 Solid circles, number of ESS/base; open diamonds, relative infeetivity. All symbols indicate the data from one scties of
experiments. The 60-min time point in panel B was not tested.
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