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ABSTRACT

The influences of fluorophor, scatterer, absorber in turbid material by light scattering were
interpreted for the scattered fluorescence intensity and wavelength, it has been studied the molecular
properties by laser induced fluorescence spectroscopy. It has been found that the effects of optical
properties in scattering media by the optical parameters(us, ua, ). The value of scattering coefficient
us 1s large by means of the increasing particles of scatterer, it has been found that the slope decays ex-

ponentially as a function of distance from laser source to detector. It may also aid in designing the best

model for oil chemistry, laser medicine and application of medical engineering.
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Fig. 1. Experimental apparatus.

3} continuous wave (CW) argon laserg A&
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Fig. 2. Experimental setup for determination of us
and us.

II. Optical parameters2|
gl MOf 25 3 ALt

Frol] dfBE turbid viAA] He) By HIS
FAR! JA= fo—rs}ﬁl o] & 2] transport o]&o] ¢
3] Aw93gtc} Ishimaruts diffusion theoryol] ]k

transport 4] c}&-3} o] e} 16 17
(s’ Ve)L(r, 8) = —pat L{r, s)+

Z(;t J‘4 p(s’ S’)L(I’, S’)dm’ .............-....(1)

A Ao Al Lr, s)= &% #HEo] 28k wdkofA] &)
2] rof) 419} radiance (W m™ sr™" Hz7')o]31, p¥=
@9 Rugd 43 4AY F(mm ™) E e, os

—

= single-particle®] scattering cross section

(mm?), sa¥ single-particlee] absorption cross

section(mm?) & E38}3, oi(=gstoa) 7z A

=8 wj @A F33 ki Feta] elrieEe] o] B A7 3

cross section(mm®)E YEMI, wo =g0s/ot) =
single-particle£] albedo°]il, p(s, s’)= s" kol A
s(sr ') 2.2 A¢E & photon flux®} phase functlon |
g 9u g}, |
A AIZ7 o8] phase function® F2 3} 31,

.-‘1].';' . p(S, S')dw’za)o ........................(2)

2 Jehda, 9714 do'v solid angle(sr)9] el-
ement®]™, x(=s, s’)= G HH s} s’ Aleo] Zx
22 g Agzte] cosined ¢]v]3}i, Phase function
< oS- A L8 FoRr

plr) =wo(1-g2) (1+g%-2gp) 32 cveneenss (3)

(3)2]& Mie scatteringS 218} %} phase function
02 2 Henyey-Greenstein®] 5%k 222 4,9 o
9] ggrolr EejF oz AE YA} randomdtA v
FA-E Zt= 9ulolt. «7]A, 4tee] anisotropyoll
X 4@zte] HF cosines g2 AeE=d grt 19
o} forwardly peak, g = 0o} 4]+= isotropy, g = -1
wji= backwardly peaks] Aetdelg on] g},

Transport equation® ZHE] scattering coef-
ficient®} absorption coefficientg& A|Alst= ¥ i &

()X ezXE olg e} go] =T 4 o} W

I1(r) =To(r)exp(—putd) «weeeeeesessenns(4)
or wm=-(InI/l.)/d

31 Aol A attenuation coefficient, g == -+ 40|
1l d& depthE& 2jwjgich.

N. a4 H o

Ak 9l intralipid®] scattering coefficientE 2
43171 §130 intralipid®] % ®isle] w2} AHEHA
ore. Hylo] oo =Rzl on, Added Absorber
Technique™® & A}&3}a total attenuation coef-
ficient; s (==pot) AHEF AL E£A317] 2
scattering coefficient; uso] YX]|3tc}, A4 atten-
uation coefficient &3 & single scattering7te] d
oJUEE 3l7] 98 vl-¢ F F=oA AEsHn
Atehg] z] o3 14 Q & light detection®] Z =& 2HA|



4 A71F - 471

Determination of Scattering Coeff.
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Fig. 3. Transmitted light as a function of the concen-
tration of mtrahpld
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Table 1.

ters of interalipid

HERmLReE

Measured mean values of optical parame-

Species(conc, M) I pus(mm™?)
3x107% - 5472.60 0.036
4x10°° 4197.55 0.063
5x 1072 3883.35 0.071
61072 3075.21 0.094
7%107° 3149.55 0.098
8x1072 2733.00 0.106
9x107° 2123.31 0.131
1x107" 1893.89 0.142

Table 2. Measured mean values of optical parame-
ters of india ink

Species{conc, M) I us(mm™)
2x107° 5688.19 0.015
3x107° 4319.84 0.043
4x1073 3673.26 0.059
5x107° 3468.61 0.065
6x1073 3039.21 0.078
7%x107° 2586.94 0.094
8x1073 2369.33 0.103
9x1073 1968.69 0.121

% Z8sle WA FErt E45 A A, =
MFP (Mean Free Path) 7} &¢}A]0 on-axis¥3 <
HA] Fol A& #R1skA Y. Fig. 4= 732 gk photody-
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o 843 A7 -‘—E—;‘O]?} &33g wAasie 2 Fok
L ZFAEZF FolA X YA E 81T 5 Ut
BEA] Zpgolg ojml BFo] WS F43t LHskE
& Q¥ ZZA(oxidative condition: dye -+ light +
oxygen) 3tol| 4] biological molecule systemg ¥ 3}
ANFIAY ZHA 7= 28-S 5319 singlet oxygen
o] ¢9]s} photodynamic therapy(PDT)ZA#}E Ao
d $71 At 3etAQ) HPDS Ah&hA] (intralipid)
9} HPD, HPD -+ 4t&d +india ink7} EoIUS
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Fig. 4. Fluorescence lineshape of HPD in ethylalcohol.
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Fig. 5. Fluorescence lineshape of phantom as a func-
tion of distance from dye laser to detector.

(a) : HPD + intraliped,
(b) :RA-6g + intralipid.

Table 3. Experimental values of optical parameters in scattering media at 595nm wavelength

Species, medium I pttcm) S (1/ ) A2 (1)
HPD -+ intralipid 3142 21.861 0.046 0.5cm
HPD -+ intralipid 1126 11.959 0.084 1.0cm
HPD —+ intralipid 489 8.529 0.117 1.5cm
RA-6G + intralipid 6023 20.565 0.049 0.5cm
RA-6G + intralipid 5271 10.416 0.096 1.0cm
RA-6G + intralipid 3767 7.168 0.139 1.5cm
RA-6G -+ intralipid 3205 5.457 0.183 2.0cm
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¥ Fdo] 4% FYA X FA It FFo] & H
B gahgo] A Azte] g,

V.d B

Cuvette ol U+ A Fx7 F713tl ale)
transmission< 743k}, optically thicksle] Beer

Hzlo g RE Q X7} Frbsta, whA Algol A intra-

lipid %7} 57Vl w2} intensitys 5718 €4
o2 Jesh ®£3 A, F3A, S4Ae 83
A2HE Yol Mu ool A optical parameterE EA135}
of B absorption coefficient:; uagholl 2] Q3sk
& A o} fluorescence distributiong exponen-
tial decayd =7} w24 drope]l o} waEdr] ab-
sorption coefficient7} Z&4-2 FAtgo] wolxH
Aetd W FRAEE zte 29 vl FUd
t}. ¥ absorption coefficient7} 4% @Rt
wo] F57 Bol Yolume BBYS e 3
HHS-A4 2 FolEt). Turbid vl Ao A source®= 3
B} detector7tz] A7} 717124 attenuation co-
efficient: wa= 5718131, HWo] sampled 33l
A =il 'penetration depth7} 24383t =31 HPD
© AZAE7F Ao o)) wEe] diF Yt
Z Aol mpao} IR 27 ATz £
of F3, AAANA FoE S & 4 gloy,
g 280l % oFF W2l Alwsitt. Scatte-
ring media {toll A fluorophor”} absorber 2} ZEHS] 2

o rir

$ uj, fluorescence lineshape®] ¥Wi3slE o]2 2 4.

d F WA A5 AlS Y3k Ao
= &

| .

1. R. R. Meier,]J-S. Lee, and D. E. Anderson :

REMCREE

Appl. Opt., 17(20), 3216(1978).

2. J. Langerholc : ibid., 18(13), 2286(1979).

3.

10.
11.
12,
13.
14.
15.
16.
17.
18.

19.

W. E. Meader and W. R. Weaver :ibid., 18
(8), 1204(1979).

L. O. Svaasand and Reinold Ellingsen :
Photochem. photobiol., 39(3), 293(1983).

P. S. Mudgett and L. W. Richards : Appl.
Opt., 10(7), 1485(1971).

L. G. Henyey and J. L. Greenstein:
Astophysical J., 93, 70(1941).
R. G. Giovanelli : Opt. Acta., 3(3), 127(1956).
R. E. Wharen, R. E. Anderson, and E. R,
Laws : Neurosurgery 12, 446(1983).
W. A. G. Bruls and J. V. Leun : Photochem.
photobiol., 40(2), 231(1984).

R. R. Andersoh and J. A. Parrish:]J. Inv.
Derm., 77, 13(1981).

T. J. Dougherty : Clin, Chest. Med., 6, 219
(1985).
L.. O. Svaasand,C. ]J. Gomer;and A. E. Profio
: Appl. Opt., 28(12), 2250(1989).

S. L. Jacques, C. A. Alter, and S. A. Prahl:
Las. L. Sci., 1(4), 309(1987).

S. L. Jacques, and S. A. Prahl: Las. Surg.
Med., 6, 494(1987).

R. Richards-Kortum et al,
Acta 45A, 87(1989).

R. A. J. Groenhuis, H. A, Ferwerda, J. J. T.
Bosch : Appl. Opt., 22(16), 2456(1983).

R. A. J. Groenhuis, H. A. Ferwerda, J. J. T.
Bosch : ibid., 22(16), 2463(1983).

Christian J. M. Moes et al. :ibid., 28(12),
2292(1989).

A. U. Khan:Int. J. Q. Chem., XXXIX, 251
(1991).

: Spectrochim,.



