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J2)3 o] AAe) b 2 BAolst B 4 Qs BERAR
= 7%t U= F7)E F5Y(compressed air cylinder) 0.2 &
Zsh &dleols H7AlS | o8 FHEEln FUo] WS
SEs7] S WePAZk WaEel dlck 4B Ushe ¥
ZAF AZFEE AHE E2AZME 9 BoW BA/AEIEE
o] Alzkol Wt Aol WAL AEHOR Fatgith WA



(A=) AR &9 QY 54 — JE2- &2 9

B

A} AAPEe] wet BRARE AR BOE o5, 4%
I g A7 B ASE 3 AR ATl N 2Ab
st 2Pl Brbul e B9l o8 At u
o= elutu, kAl ofof ols) SuH Eefiol=el o3
PMTIT] Qi A7k Aol Adwgy A58 24}
A Bek YRARY W A 2 5 PMTAE) A7
of A WL el 4EFIIZ ARgstel BF 100 msolsh
of SRS Hol gtk o] A2 by & 5P BE
BAo| AEOZ o|golHTks Yt BE FA 1eiT B2
A AEie] A7t AAALBE o] g3t FUs =
2 FAYGE Jolth 0|2y £502 HHE 24T
o A BA EAV} 3259

FRARL AL HFUOE so] AR FFoIM +7
o2 g A Hidl i celt BAS 2R A7
Holom W Wi WAS gFHo2 FAY 4 YUk 2
T3 AL G4 olu] T P7] SlIE 2AHE G
o FUL FE Wo| RAkslolof k. ]S 9Yof UY =
o] FaAk GAL FARY 7V e} 10% olshe] B
sfolurg BolHE Uf 4+F FUF YA 2AL WA
2tk YA ZstageRHE 15 om AT PER WA
22 53 olRolzon 2AGIS UPOE 7 F 65

cm®| lolojrt

ol

of

o BASREMT) % AR £Y¥

o] ALRE FHETe] PMIY CCDE 2% 43 5
=S AAE] gich XA} AR A (time domain) S
4 BATA Aok FEot A HOR S PMTE, 2
AU AT 2 FUHH SHL BIKIA T ASE

02 g Ao AAHE o] nljg mjekste Ao 7+
£7} 943t PMTE ARGSHE Aol vl =aict. Afge] mji
Z2g ez gt 2 AFolxs AAEA PMT(R331-
058, Hamamatsu, Japan)E AME-3I$TE AREE PMTE] dark
count+= 30 cpso|th.

2. ARERL

A 2 A A3 9 ARE GAdA A7) &
A A=y Aol dstAl "ot di7] Azl BT olf&
Atre) w7t Yl 2 A3 dof a2 d Aeol= A 4a
gy ZL 5IE Hol7] wigelrh o] A% ALAIZRS
ZAF R U] o] wel tg2n fYlE o8 RA
B2 B9 AT ol E sk IRy AEU Lt
&% A= 308 olshd SRt & Huold e
H@AE 7)Y e Fujgh F24 2ot =EHY
om Ay Aipof| FF& FA P FUsioich

83

HEBA EHe| dslr] Aol WFJE YALE ZHEY
S AFST FAG B A YA F stageo] £ A
A7 (Y 2) )R] Wol Ao] Sojrkx| Y= ALY
Hofl H]=o] Q= BAT § EAO) 5L Yulge L7
A e SFold Wrk d2ln BE BT 58 o83t 1
F27h 24 AZHeE 15859 Heksh A SAT £ 9
=2 A3 2o Wtk gyl 27} ehde s she
gd EAs QrAlel B v Ad ekl whEt shutter
controllerof] A7+ U3t &AHE ARSI

679 WIS F a0 BESY 3HGub, 2, 32
22 £E, 3u(sub 4, 5, 6)& 22 ulcho] gt X Aur
o 2AsgEY 1 BB 715 5/ A ojio
ZAAZF B S W IAE ms Folct. of
A ZF w3zt Abai 2z w@ae) AF oo of
ot}

ot o on

it
o

oL Za 3 24

68 HPAA ALY AHE ARSI HAHA

2,3 & &TolA, HFA 4,568 SubgoA WEshe A

g ESARlom, £33 &alde) Rig Aol wAd
AT 223 FRAL AREE 12004 T87HA4] 1% 744

2 s A7 SAs] Hfou of Fooxs FRAL

Zl-—:

=

o =

3 A @Y Aol9) wjAlE FFol A iRt
o ulsh VA7t Ao} BEAL S Gk 1% 4k 69

> 2> o > u

6% IEKS Negz =M

o

——3subl_Rd
A —{ sub2_Rd
~&— sub3_Rd
4 Y 4~ subd_Rp
~&— sub5_Rp
~&— sub8_Rp

Log[ (%) }

Log[ t + to]

a9 4. log-log HHAIA 6 H¥ate) 358 AL T x|k
F EHoz zF mPxolt 53] 2w FFA7F Mg
7y mgatubch g 4] trEn AlE @Al
=glo] K9, (A= 0.1 sec, Rd: 22 &% Rp: Q24&u}
) 7k HEAL] AAEF T BEg TES Yot
QA= EHEA] USS-



84 FhagEs]A] A7d AL, 2006 29
@2 A A AlZtell W XA T ZE log-log
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of & W 6% T AR 30] 27| 7P AT AAEEE
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Logf{ t+to]
Y 5. O 40lM AQEF A7 A The BARE o= 27
Zt lo7t ZiRlel wet & 2jolg Rojw 7]&7] f= JHE &

olg EeJE ¢ 4+ Urk
Log[I(t)] = Logl, + BLogt, — BLog (t+1,)

o] A& Ad EF AL} ARt to]
A4 = o] AFTARZ BHE 4= UL
T Ty W 5 2@ Sl & 4 Qlth old

= FAFAY 71&71E vehl vk 39 49 2t B
%ol A &9 AT EAE AFL FeAE B2
(O 49 % AtE 2e & = Uk 2 AT
Aol w2}t 49| 7k Bet o] 52 Mgt e ¢
Atk o] P AQEFL AL ZpEF(Is)o] AujAl
TZto|tk

Y 5= 2400 Addge] Al F7el ARETE
< EAR Ao A7) dFshARol o] EAZA 2419

1)=1 +(1—+f—)/w 9] curve fitting W7} ¥4 ZEE(A=0.1 sec).
53] ZAAR BHA (FRAF 3D)
A 4 fy s
(counts/0.1 sec) (counts/0.1 sec) x 0.1 sec.

Subl (Rd) 6.82 + 1.45 1.14 x 10* + 4.44 x 10° 2.67 + 0.43 2.45 £ 0.13
Sub2 (Rd) 13.1 £ 0.95 1.56 x 10* + 115 x 10° 3.07 + 0.35 225 + 0.21
Sub3 (Rd) 203 + 1.58 2.99 x 10* = 1.49 x 10’ 251 + 0.79 2.15 £ 0.45
Sub4 (Rp) 6.85 + 0.60 0.81 x 10* £ 2.09 x 10° 3.03 + 0.62 230 + 0.20
Sub5 (Rp) 10.8 + 1.33 0.62 x 10* + 3.25 x 10’ 3.90 = 1.78 2.13 £ 0.23
Sub6 (Rp) 134 + 3.03 0.42 x 10* + 3.88 x 10° 339 + 1.30 1.72 £ 0.31
69 Bz 11.8 + 5.04 1.26 x 10* = 9.38 x 10° 3.09 + 0.50 2.17 £ 0.25
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I 194 BEo| Is = 68 cps o4l 203 cps7hA] Yrtzo
2 g S0 Al B g B 4 ook B
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ME52He] F4l 3o PMTEA S A7k 117A0] M2 &
718t =1%] ¢bok7] wiolth FxAPE it AF ME7E &
A daji=d oF 0.1 &7} Ag1 PMTY gate timeo] A]
0.1% ol22 AE %2+ Aztat PMT2A 9] gate timee 5
7187 o]|20jR|x] e EH AAHL 0.1 sec 429 time
series /ol 418 HA7L QIA H A 27loe &
0.129] Azt Yol A7} 28] WojHER 0.122] A7t
EARE ol 2 S4S BE 4 9= a9lolth o] A
2 Aade] 7edes SEoF & EA° -131"} Is<}
Bol oo B gol HIA YA e HolFt ol 2%
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AAZO MZO HE NHYE Z46_ subl
1600 |
—— 350~450 nm
1400
—e— 450~550 nm
1200 —a— 550~650 nm
1000

800

# of counts

600

400

200

3 ¥ H AETT RO 4 2 SHEMT RS 53 B
1 6 11 16 21 26 31 36 41 46
time( At=0.1 sec)

T 6. ZAGO) Mol T AUy 34 AFH A2(3)
BADHE e 2R 27 PEHOS B &
PEHE $2e U 4 Uk

A uptA] EAAE Bk 2ARES] FFr) 350 ~ 450
nm FHoA 71wk Eetal o] FEel o]
7 e AaEg 2 9 gtk % SET
EAZ 2o 7= AYe £ty 2 Bud g ot
HLo] 6 FHo| WA} BRAN T 63 T2 A AL
ARe Uelfglon o] ARALE HiElo E 350 ~ 450 nm2]
"o} 550 ~ 650 nm elo] Wwtt 7+t x| Jurge Sx3t
e AL debE]l d4e g fddnh AHEYS o]

Aol 8T 735 AT} gadshe 2AE S5 F 24N o
B Age] datozm Al 0] xjaukgo] 2} o) s 3E AlESH SH SAl] ZM%I AsE A3t sk A
of ojmgt &g wol=rlof that ou] APL ape) mer & THUATH ofml gl ¥ dIE ek

t} 38 39 AHEY HEEoix H-F0| metal halide lamp]
4722 350 ~ 450 nm, 450 ~ 550 nm, 550 ~ 650 nm A 3
O o] FRARE AASHET 2Bt % Aol 2t
g gdo] =g #dstA AT = ¢tk

a9 62 olo gt AL FA % %‘501 Jefzo)
th 3 2004 B 5 Ql5o] AAWFY At A&l
AAME w2} oich o2 ghe BAAT 2 1] W
ZAVEEE 735 AdEES 2ove AL 67 ZF O

v E 9|

HEA7} WEele AEFY(biophoton) % 2|
layed luminescence)S A|743] B3] Ao HarAl
o 2 Bxolch, QKo E TR BALEY BYH(I
2 Adzholtt Ay Aol WA WEE A4 WA 2
THE Wtk & F ) AL

=

ol

o

o ~ 0] Ao ups1- 4
E] otk 13 694 550 ~ 650 nm-J o] Ao 2@y () =1 +— “ﬁﬁ S B 2R (3-1)
< A9 fEE £ ke AL & S 9100 v A <1+f/fo>
[ =fe™ ; %, s 5 (3-1)
. RARRO| Aol w2 AR
Jg A FE AR AU 25 AYE 52 Aolol EE B 49 F U
o4 (nm) Subl (Rd) Sub2 (Rd) Sub3 (Rd) Sub4 (Rp) Sub5 (Rp) Sub6 (Rp)
350~450 4020 2497 15782 3651 2630 1432
450~550 1044 1067 3578 1256 852 1286
550~650 450 566 929 409 468 496
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o} Zo] 2 FAEALES Hth AE aAEFe oyt
EAL Fo| He BEEASY H3AEe o3t E5d
4 ojujsiel, BaHosl BRSO Pt AkS(quan-
tum coherence)& UERf= Ro& Popp'”, Bajpail'”, Kim'?
5ol YEY 2oz sj4gh vt qlok 2 AFA 9y
Al 6759 Eof] WrEths A AWF] A A HTA T
232 F dHAL Btk o APL FEo =y
Qb2 A (cancer tissue)l'™", A=, AlEo] Q1 AR
B Sollq g s9sEgou, 2719 FRoM A% A
< 2 A7 Hxe oA o7t At 53 gt 24 A
£ T8 FE4E Uehdttn AR =), 9 50 € 7t
A A FES s AFEUE 9 8=2141029",
49CoA AR AEUE Q) p=101£016", o 2t
p=062+0.05", 52 F i5H Iz Gz 2w
o] A% 5=080~1.17"1 Soz =i} HYr},

Kim §'"o] Rudt gzzof i3t Aol gz A
4 2A 9] AR HEE Tolle A2 SEE Ao)E HojA|
gkt At qloja= o9 EAE HEs| fE
Ae ATE Btk seS A9 A, 53] njRet 5 &
Aol SAgThH APzl Wit vh {83 -5-8o] 7}
T AR A, ol et F7t A9 Faldo] A
7|} vigAoln HA| ol whE Zde] Aol o4t
57 ghgolc.

o] AFE o LHA7|l= HIFOR FARFO AHEF]
w2 R ukg =437} Kpdd(spontaneous photon emission)
PEE] FANE AR Aolth £ dAoA:
Zo] Fo] ESEsl, F&ulY A Ager oy

o

18 350~450 nm, 450 ~ 550 nm, 550 ~ 650 nme] A A
22 Uo oujAlge 3 Btk I 39 Fo] AdE

HollA & = o] fxol EAG 74l EAR Al 9
Aol 9l M)7]15 FLstA AR = ot ot 450 ~ 550
nm FHolME vekslA A AWEE HET 5 e F50]
QAL 550 ~ 650 nm FHo e A dLFo] A S &
A3tk AE719) FA} BL&T AR AE A7 2o,
UPAHEYS] B s 1ad f 350 ~ 450 nm FHE] A
A= aat 7P 2 AL o S ST ol UV-A 99
o] DNA®] kg Fw7} glck= ARIPIaE DNA] Feel
7t AERAY FoPd¥ojgs AT FAEE 2
ojch. gl FYT 62} HHA | st} QEFA AL
F AG7|PE ol gt} XAwgyl ALy WE eI A
TS AR AT Ao Aurgo) et wEAt
QLS ot AT HATHAIEA S 0.81). A Hw
24 Al 9P} £9 A AAFA Sol HebErhd
2 A HojF: Ay} datEch ojite] £ Ay
3 Axfel AdYE A5yt E8E AE B4L B
e F3sto] 2 ), JEFAY Fa3 9Ho] B4
2(ROS)0| 22 o]o] pmg wiAGHoR {5Y

e WHoZ 387 4 9 Holth 23 UV-A 99

&

)

4ol o ool
~

fr

o] Fout AEAAE #E 242 A7 JgE 3¢ A
£ 714 A7 9 ofskd g8 <o) SEdt e
. -

AT Ae YU O = metal halide lampE A A A
ZAOL, A BAoIAY ofata 388 A
o Aewd aTE ATY Bask AUtk AR} AS
o 24 9 ALY Aot AT, whebd 5 27
AW AP 7] 2B BAROR ofu] 9l 2
7] gtk o] Zopel ATL mye] A% vl g
2 A Aol 2 AL 23 o, Al AT 2
ojojsieh & AtollA AH|A AEE =33t ulE= 38
o] Y leZofjA A AEFY| A7I(H)Ee F 108] = Fo
I Ajto] 1A1ZF A= ik sl ofst A Ay
A B 7] WHR)A] e ALE dHA
, L 7B o)== YEA AR govt W Arvt
Yolo] HEo] A Ad-gie o Aed ZFo] A
2 goluty] whEef Popp'"ut Bajpail'! 5 ©dt oF
A4 SdEUt mYgos HdEE £ givtn 2 Aotk
aujug Eo) A= dEAHoR uje FaglolE B
3l 11 olE3 EXAT AUst AEe 34 drer
A Qg A7 EEs] o]RoR|R] ga glont, e A
AR AE & 7IX7 kel ot
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i W mfg re
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Delayed luminescence from human hands after illumination by light at different wavelength bands was studied. A delayed
luminescence measurement system equipped with photomultiplier tube (PMT), fiber optics and automatic mechanical shutter
system was developed. Three spectrum band-pass filters, for which transmissions are on 350~450 nm, 450~550 nm and 550~650
nm, were used to select irradiation wavelength, and 150W metal-halide lamp was used as an illumination source. Six volunteers
put their palms (dorsa) onto the measurement system, and after light illumination, delayed luminescence were measured for 10
minutes. The results show that delayed luminescence after shorter wavelength illumination was higher than that after longer
wavelength one. These results indicate the existence of acceptors in human skin which can be excited at short wavelengths.
Furthermore, each subjects showed different delayed luminescence curve patterns. Reactive oxygen species (ROS) are known to
have important roles on delayed luminescence, and this research suggests that ROS concentration can be measured noninvasively
with optical methods.
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