MC-TB 2011 Vol 3, e5 BHHREBATEHLE BRERE

MC-Transaction on Biotechnology, 2011, Vol. 3, No. 1, e5
©This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution,

and reproduction in any medium, provided the original work is properly cited.

B
RGEHAEIIGRUUAEDRFVERANTE

RER' -EER’ -RRF -E2HA-RER REa™
'EXHBALBEAMESEA(TERR 44 M)
CHERZRBEHMRLRANHBELA(TERR £ HE)

X

RIGRHERNAK  ERAMCETBREAFREAS T BWIRMAENE R FF
o KA KGR M BRI M A MR » TR RN T oLtk
AL B BUB] A A EE RS T 0388 » WG H e 4 B RIAF 0B A
A o

Blées @ BHAST - KR4 ~ R0 &E ~ Bah ~ oA
WAMAEH B Ea[liangl21@mail.mcu.edu.tw |

W48 © 2011-9-25 % 1 2011-11-13
— W

KB EAHEHEARREE ARAEBDOEFEHREZLKLTHRIS - K
MRS R EAMIRK A AT 0 0% e 2% T4 0.15-4 um R K > EAKRAR
B ERARTHHBR(EEHE)THR - ARECRAS T SeRAKIET
M HREERA (e X HERE T Rk ko) BX RS EM Ay -

RIFRATEARRE > Ry RIME (UV) 5 AATRI > RAR MRS B
1% 99% g s ap o TR EHEm ey IR T 0 KR4 89 UVA (320-400 nm)Fu %) 10%
&9 UVB (280-320 nm) 2| 33k & dpy) ~ & K42 69 UVC (<290 nm)RI4% 2 A8
A FhoK AR R AR E o ML SN RS E A 100-400 nm B > 412
1B R X K924 48 249 8% -

R ABMEEL > DN RN RHAR S AL REFTD LAR

1



MC-TB 2011 Vol 3, e5 BHHREBATEHLE BRERE

RS AR o R A RR  BSRE  EAREMEE TR S TR
BB A R R ARSI RE o R R s B R BN R R GBS TF
EEWRBEEINET €55 58 BB aifo gt finiBib H 3 & F 21
REEFER - RMCALERBEERERE REEHEAT EARERERN
M) °

WM iBB AR 4 0 & A E M A 4 F(reactive oxygen species, ROS) & 2 & /L&
7 F0 2 S DNABY 1548 #45] > 3| A2 m i AoDNAIR E o 5 9h 4R 3| Ae ey B ~ % 9% 451
AR BB FHAY FHDESREER - FHAYFRLAN FHiTA
Mo GHERARET (02-) - BAfEAadA (HOy) BAILA (H0,)- 5
ABeL (OH) FELEL (0,) BaiEsm - SIALSWEARELRYE bk
[5] °

MR A —REE > TAREI G T R BRI R RRT R AR
BELLBy » FIABREIARELANTRAS T > A Ewi-L (NBT)
BR A E & uyFormazanib &4 > F i@y KA 0 A£560 nmik kA &R KRB
AR B R AR B R RE LR AR IEER T Rk — o

AXFANTREERA(N)ERGARRIREBHT » KEoBEALTEAY T
Q)R RAHBAEMKRFOBE  CIABBEANZR P HMAENN X
EAER -

=~ KRR R G E KA KB

% Beauchamp¥LFridovich(g) & B % (o8 & 7% > AR A B va R (NBT)REBE R R
J&ERIRAKAE P SN T 678 M BURE © (1) A Ao g & 0 R w4k B va S (2)
A RERRAL > R RERQ) AN R RAHAEmALE = RAFELL
B BEREYRBIREVWCBAR P INE TR M #ITI00EHRIE U5k
6B 3+ 4£ 4R 78] 200-700 nm &g R K3 -

HiE FHABUR 0 H AR IR ) A8 305487 69 K SN AR TT R Rk
Hitho B — 0 A wWERYE 220 nm ~ 261 nm ~ 376 nm & 439 nm > E 9220 nm
B 261 nmegRPCE & T E 0 376 nmARA39 nme RPUERTME o M FE LSS
MR N T e A B w R LB R A E & e9Formazanib 44 » ££560 nmik kA &
REBENME o Do FRHAE w R ko) R IE > £ B HRE305 481K 6K RRT
RAGBRIUAEE > 560 nmit &% HE 0 R~ ABRKRIE > SFormazanty 24 > &
EMER S FHI AR



MC-TB 2011 Vol 3, e5 BHHREBATEHLE BRERE

6
HEREE30453F 1NBT
17 ° —— E0E304557NBT
?-: 4 HRE30473F
'-_; S6Cnm
73
=
2
1
O T T 1
200 300 400 5CC 00 70D 800

nm

B — > ¥ al i B v Rt L BRER R LR

5 R 3T 04 ROE IR AE P SN 38 B 13,000 Lux)F 30 54864 ko Bl — - 42 B AR 30
DA% SR EF A9 nm Y BRWER K c AR R A A Ew Rk RE
BB 30 n4Eth » £ 560nm &9 R KB A 1.03° A G B BE BT ERUEEL
EFHEASTHhEAEWRLRIE > &4 Formazan - RIER PES A E W R
W RIE 0 L BRE  HREKEEZHRARRE I 0 4£ 560 nm YR HE{E A 0.21 >
RSB T  LBRLREEREECHRE > A TER AL m R mR
o P30 pEEREELTHAST -

5
G
5 — 323047 RFINBT
= — 304 NBT
"_53 560mmnm Roe30st
77
= 93053 RF
1 "
. A E—
200 300 400 500 600 700 300

nrm

Bl = P B BT HAKE w4 LR B R KHE

KAZERE DR FuRRE—BaRFEEMMAR T o m—AFEMRF  —
BHEEMaskT (H) —EFaEnaassT (OH) XTHB —#F XL
SR —BE PRIy B —EEFEZEARTFLE (H- ) @7 —ERAF
BeaAaKLEHWR—EHO BdaRk - Ko FTRAYILERBERSD  EAMASK
PRAFERACEALARAAGA AMSGEENRBAREEASTFoEMEL LA
B @Ak > Weeks H AL VUV(E ZE5R 0 K&k <190 nm)iEfTKeg kom0t B A
EABRGWEE  BRARFNEAREERSAE  AARKE HA(KX po °



MC-TB 2011 Vol 3, e5 BHHREBATEHLE BRERE

hv

H, 07> 12 H, +HO ... (& 1)

FEABFE RIS (22 4 185 nm & 245nm) A A A R AR EELA B
¥ (reactive radicals) » H & & £ 185nm &4 % SM4 T 5 A5 M 8B F (reactive
oxygen atom) » FMRF FH AL SR LR > BRAKRT RIL 254nm By KN RE £
EMEA BT O('D)RE LA A, (singlet molecular oxygen, 10y) > f£7k ¥ 7k 4 F T #2
O('D)& 'Oy s ity B Ebﬁx& & FA4b & (H202)11) ©

UV 185 nm

UV 245 nm

0s > 0(D) + 10,.... ...( 3)

UV 245 nm

_

02 + 102.+H20 ZOH.+02 ......... (f‘(‘ 4)

RE T RLAREABREKE LT &) UVC B 90%8) UVB > ¥ UVA B &8\
Farman 3R & 4 2 80 D 09K ) SR ENRD R E B KIFE4 Foy UVB ¥
o mEA BAREERARSRKYUVC RTATFEAAL I EE B
VRN KEAZTHRA S F > REFHRMEHRER -

E A RHEBENORE

KGRI ARG EDFEERZLT AR P RIRIR D R K& KN &5]
AL R B A X &9 DNA 6948 F13) © HBEAE 250-260 nm A 1R 7% 64 Bl% B 3%k & B4
J2 UVC ek RS > %L UVC HZ RUARMB R BEITHRAA LN H @ H DNA B
BHORAER - MR R RN (2R % UVB) ¥ DNA o F 89 B350 > @3 448
ooy & 4 — R R RE > i3k R JE E 4 LA cyclobutane pyrimidine dimers (CPDs)
& pyrimidine (6-4) pyrimidone (6-4PPs) % £ &9 84L& & ¥ 14) ° Yang & A 15 & A

4



MC-TB 2011 Vol 3, e5 BHHREBATEHLE BRERE

% Aneds B RIGARBATH% M13mp2 2 E 48 lacZo KR BRI G HF% (G)
it (GOT A GHC) AEMEE > RIEEIEG (UVA) FH LUK LR BRA
E o M P ARESNE (UVB) BAHFI 0L COT 83k A X 6y R ¥ ne  ME Apnhly
7 ~ UVA & UVB B8 &2 B #8 38 LA ESR MRR] A d & » B~ KI5 £ Fn UVA B 44T 5]
AR ABBERNEL  RARGAIALHREIERL DNA BILBGA M > &K
B & 242 P48 — T 89 4F A - Heaselgrave & Kilvingtonpg LA K 5% K B % (SODIS)
f£ 150 W/m? g9 38 B F » #vhw 250 UM M K4 2-6 MERE S REMAY (84
Escherichia coli ~ Fusarium solani ~ Candida albicans ~ #a Acanthamoeba polyphaga
trophozoites) 5% 3 2| 4 A Z 4% -

WBH R A AR BTN RAE RS £HRFPRAER » 80%-90%4Y &k Fo =
SZ—UAEREQAR G RA LB mARERICET R KA M Bk
R A AR RAAKE RN FRAE T EBRERKALTTHNENKELELR
FRARST > wBBRAE > AAESHER208 > LAGHATHREE D6/
BLE SN K P KB BB A AR FE | (o ° Salih o BB R R A ARA K BN
KGR TEH2R > BpTE2]100%9 M AMKETE - FRFRERELESZ  #
Wy H1% 0 BIRIRE S R A K047 A 451 0 J8 7 38 I 30 30 & 1R 38 0 AT 09 R A KO8
FoORRGAEANEN TR R —THENEE-

W ERARBENKREYRA

20084 54 EB T TNEASEEREIEE |  MARBAEENTASLE
FANRELE  RERRSBER  ZERT FEGHAENEZRMARERE
TR BARAIEE e AR AR B % (CFU/m®) £ K- Danielsp 45
HER AT PHRAILEET (superoxide,0y-) 7% A ¥ &Y 4 M AU 4T R JE
REETE EABHRIRANAE EREABRTHERCIEHRENRM ALY -
fook o ARIEBHEMERKTLEME - ShargawiFE Apyis E EREESETREH —®IER
B A BR R AR

FEBIG RGBT mANBACE > BB 1 ARG RIER R ik o AL > TTIE4E
MEEALEREREWALZRBEHORE > ERKG R E A %L - LA
(photocatalysis) & LAEAEAE 2 #3 » £ & A fn A = AALSk (TiO,) » & LA/ #387.5
nm 89K IR RS RSB A & A BT (photo-induced electron) & 4 &R
(photo-induced hole) » & &R A XKy TAEAACEHEBATESBHAR
2224 AR Lk E A B AN T R@BALT > WH R F a0 F M LHR -
BRER T FHmE o — AR E R R KA RG> Lo fT A A T AR
DK SRR B AL R — B E R e R4 -



MC-TB 2011 Vol 3, e5 BHHREBATEHLE BRERE

B E o HAMR 0 B R RBEIE e SR AR AR BAEARRTA
KEAEFHE RHMAEMEEREEA BErERARTHAZNELE R £
FROREB > TEF SARTRREE AL OB -

WA RS o HIV IR~ BAFR % ~ CAFR %% §3HRHER UVC B
Steh F ik 0 2% UVC 4589 Rs G B EALE A 18R b fo fn E & &9 AHF 2 5] 4%
B 70% #o 40%;s)° Ruane % (p5) JAA% 3 K AL 75 $ /MR F 69 % 350 4a B B9 R 7B
B9 > 45 A 50 umol/L A% % » 48 265-370 nm & K 4h K (6.2 J/mL) BB 4t 8-10
48 0 SHTRARMT TR R F ey HIV R F4K (4-6) logl0 > AR B%FEIKE 5
log10 > JERS LT 09 58 4a /[N F 51K 5 logl0 A E » KRG B R EH H K
B 1% 4 logl0 R £ % - Cui %648 A 400-500 nm 89 7] B, 4% 5 b2
R TR MR Ak O ke B g 3 A S M e dm BB B F 4 ib & R o Makdoumi & A7)
PALUVA Rfsmtsim F R LLE A %8 (CFU) - 38 o g %4 B UVA 892 R >
LLAZ BB 4T UVA AE R A R E - AR R Z0LBUFM et A AT AN
T U UVA R R &S BRI ER  waB RAEBHNEELE LA
& 128,29] °

I -HRERERY

FEaiEHERAG & RRD QKA - REE KRG T ) UVB ¥ > R A&
ARARERLH UVC RTARFAERAE B EE  BHRFRNKELFTHEER
SF O RIFFHEFEENFH - F— @ ABRKBEYEA L EAREHE
(light-absorbing substances) > 4v 7 B/ 25 7% BE AR B T > AL E R H BR 4%/ H 8% 25 4%
HEMERGATHERICZRIE > L EETEAS Fane FIAHAE @ a2k
BEBERRIEER  BRABKREREPINGATEARETRARBEOYTL A RINRAE
AT K ST RAGK T A EMERBRUIE X RS SRETFELH R EMN
AT RFmRklnRE—FSHEF -

KONGRS ALy Rk Hl Ao AL > B A T AR H EATEAE A ) 0 DU IR R
TRARSK AEERARE  EELEFTER ST HIMAMELAKRZTHER 5
IR E BB (CFU) » LM R ABBI 2B EEFRAY T BAAKY
AMRE RATNIRIED G QU R HRIFOE) AR KB EREEN
B0 A2 E AR LA BB 09 B R A B Ry TR 0 Rl
REFE-SHARNHERAE -

5% XRK



MC-TB 2011 Vol 3, e5 BHHREBATEHLE BERE
[1] NE 235 KIpEs LA L H ARG E - BB KNE SR 2007522:121-124.

[2] World Health Organization: Health effects of UV radiation: http://www. who.int
/uv /health/en/index.html.

[3] Farmer KC, Maylor MF: Sun exposure, sunscreens, and skin cancer prevention: a

year- round concern . Ann Pharmacother 1996, 30: 662- 673.

[4] Ichihashi M, Ueda M, Budiyanto A, Oka BM, Fukunaga M, Tsuru K, Horikawa T: UV
- induced skin damage. Toxicology 2003, 189: 21-39.

5] 208 BSMRFEEANTUMARLE R FOAR R - F B L E R
3 » 2005 > 21 : 718-720 -

[6] f %R FEHE -RRTF > RER MR FACENHAE - £ HFHR(MCTB) >
2011 > v3e3 -

[7] Donnelly JK, McLellan KM, Walker JL, Robinson DS : Superoxide dismutases in
foods. A review. Food Chemistry 1989, 33: 243-270.

[8] Beauchamp C, Fridovich I: Superoxide dismutase: improved assays and an assay
applicable to acrylamide gels. Anal Biochem 1971, 44: 276-287.

9] ¥ps3% - AE R - 2R AREHAAEwR LA LBRENTE - A1
247 (MC-TB) » 2010 > v2e2

[10] Legrini O, Oliveros E, Braun AM: Photochemical processes for water treatment.
Chem Rev 1993, 93: 671-698.

[11] Yu C, Parikh AN, Groves JT: Direct patterning of membrane-derivatized colloids
using In-Situ UV-ozone photolithography. Advanced Materials 2005, 17: 1477-1480.

[12] TiRE LR KRBT AMZRES - AREER HR4E > Jb % T 2000 -
[13] Mouret S, Baudouin C, Charveron M, Favier A, Cadet J, Douki T: Cyclobutane

pyrimidine dimers are predominant DNA lesions in whole human skin exposed to
UVA radiation. Proc Natl Acad Sci USA 2006, 103: 13765-13770.



MC-TB 2011 Vol 3, e5 BHHREBATEHLE BRERE

[14] Schuch AP, da Silva Galhardo R, de Lima-Bessa KM, Schuch NJ, Menck CF:
Development of a DNA-dosimeter system for monitoring the effects of
solar-ultraviolet radiation. Photoche Photobiol Sci 2009, 8: 111-120.

[15] #PfET R ~ RAFodE * KIGARENGEBFEAR RG s AT EM - bR
Bl K224 5 1997 > 29 1 121-123 ©

[16] Yang SJ, Hao WD, Ekuni A, Fujiwara Y, Ono T, Munakata N, Hayatsu H,
Negishi K: Sunlight mutagenesis: changes in mutational specificity during
the irradiation of phage M13mp2. Mutation Research 1999, 438: 53-62.

[17) ARt R ~ MM %S~ ME - TR - BRI A% A  DNA RALBEHEKR
a3 M13mp2 " A g R4 P eiE A - P RIEHEAZ > 2000, 2 : 154-158 -

[18] Heaselgrave W, Kilvington S: Antimicrobial activity of simulated solar
disinfection against bacterial, fungal, and protozoan pathogens and its enhancement
by riboflavin. Applied and Environmental microbiology 2010, 76: 6010-6012.

[19] Salih FM: Formulation of a mathematical model to predict solar water
disinfection. Water Research 2003,37: 3921-3927.

[20] Daniels SL: On the ionization of air for removal of noxious effluvia. IEEE
Transactions on Plasma Science 2002, 30: 1471-1481.

[21] Shargawi JM, Theaker ED, Drucker DB, MacFarlane T, Duxbury Al: Sensitivity of
Candida albicans to negative air ion streams. Journal of Applied Microbiology 1999,
87: 889-897.

[22] Bore KW: Survey of Semiconductor Physics, New York, Van Norstrand Reinhold.

[23] Brillas E, Mur E, Sauleda R, Sanchez L, Peral J, Domeénech X, Casado J: Aniline
mineralization by AOP's: anodic oxidation, photocatalysis, electro-Fenton and

photoelectro-Fenton processes. Applied Catalysis B: Environmental 1998, 16: 31-42.

[24] Alberici RM, Jardim WF: Photocatalytic destruction of VOCs in the gas-phase
using titanium dioxide. Applied Catalysis B: Environmental 1997, 14: 55-68.

[25] Ruane PH, Edrich R, Gampp D, Kell SD, Leonard RL, Goodrich RP:

8



MC-TB 2011 Vol 3, e5 BHHREBATEHLE BRERE

Photochemical inactivation of selected viruses and bacteria in platelet concent rates
using riboflavin and light . Transfusion 2004 , 44: 877-885.

[26] Cui Z, Huang Y, Mo Q, Wang X, Qian K: Inactivation of lymphocytes in blood
products using riboflavin photochemical treatment with visible light. Photochem
Photobiol 2008, 84: 1195-1200.

[27] Makdoumi K, Baéckman A, Mortensen J, Crafoord S: Evaluation of antibacterial
efficacy of photo-activated riboflavin using ultraviolet light (UVA), Graefes Arch Clin
Exp Ophthalmol 2010, 248:207-212.

[28] Martins SAR, Combs JC, Noguera G, Camacho W, Wittmann P, Walther R

, Cano M, Dick J, Behrens A: Antimicrobial efficacy of riboflavin/UVA combination
(365 nm) in vitro for bacterial and fungal isolates: a potential new treatment for
infectious keratitis. Invest Ophthalmol Vis Sci 2000, 49:3402-3408.

[29] Micelli FT, Leozappa M, Lorusso M, Epifani E, Micelli Ferrari L: Escherichia coli
keratitis treated with ultraviolet A/riboflavin corneal cross-linking: a case report. Eur
J Ophthalmol 2009, 19: 295-297.

[30] Zhan M: Determination of photochemically-generated reactive oxygen species
in natural water. J Environment Sciences 2009, 21: 303-306.



MC-TB 2011 Vol 3, e5 BHHREBATEHLE BERE

Mini Review:
The Effect of Solar and Ultraviolet Radiation on

Microbial Inactivation

Wang-Kun Chen?, Jian-Wei Juen?, Liang-Yu Chen?, Yee-Jen Lee?, Chia-Ching Wu?and
Ji-Yuan Liang**

1Department of Environment and Property Management, Jinwen University (New
Taipei City, Taiwan, R.0.C.)

’Department Biotechnology, School of Health Technology, Ming-Chuan University,
(Taoyuan, Taiwan, R.0.C.)

Abstract

Reactive oxygen species (ROS) can be produced by interactions between sunlight and
water, such as photochemically decomposed reaction. These reactive intermediates
as strong oxidants could induce the microbial inactivation . This study discusses the
effects of solar and different ultraviolet radiation on the microorganisms. Besides, the
ROS is generated from excited photocatalyst and photosensitizer by solar or
ultraviolet radiation. The ROS photochemistry can be a good potential technology for

maintaining the environmental quality.
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