
UR-439 

THE MBISURIMIT OF DIFFUSE EEFIBCTAICE OF PIS SKU, 

flTMIUM DIOXIDE PAIM M B IHDIA IIKj TBE TBMM-

MITTAHCl OF TITANIUM DIOXIDE AKD IIDIA UK. 

by 

L. J, Krolak 

THE UNIVERSITY OF ROCHESTER 
ATOMIC ENERGY PROJECT 

ROCHESTER, NEW YORK 



DISCLAIMER 
 

This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 
 
Portions of this document may be illegible in 
electronic image products.  Images are produced 
from the best available original document. 
 



( • 

U I C L A S S I F I E D 

Heal th and Biology 

TIffi U1I¥EESITY OF ROCHESBSR 
Atomic Energy P r o j e c t 

P. 0 . Box 287^ S t a t i o n 3 
Rochester 20 , lew York 

* * * 

Cont rac t M-jh01~eng-k9 iDetween the U, S . Atomic 
Energy Goiaiaission and the U n i ¥ e r s i t y of Rochester^ 
admin is te red by the Deparbnent of Rad ia t ion Biology 
of the School of Medicine and D e n t i s t r y . 

THE MSASOREMEBT OF DIFFUSE BEFIECTAIfCE OF PIG SKIM, 

TITAMniJ DIOXIDE PAIWT AID IHDIA IHK; TEE TRAffS-

ffiCTTAirCE OF TITAIIUM DIOXIDE AM) IIDIA ISK 

^J 

L, J . Krolak 

DiTlsioti: Special Programs 

Section: Flash Burns 

Division Head: H, A. Blair 

Section Head: J. R. Hinshaw 

Date Completed: h/9/36 Date of Issue J 5/31/5^ 

U I C L A S S I F I I D 



THE IIASUBMKT OF DIFFOSl HS'ISCTMCl OF PIG SKD, 

TITAIIUM DIOXIDl PAUT MSB HDIA I lKj THE T I M S -

HITTAICI OF TITAIIOM BIOXISE AMD ISBIA WK, 

By 

Leo J , Krolals: 

ABSTRACT 

Diffuse refleeta3a.ce ffleasiireBients were made oa the bare skia of 

Chester White pigs aad also oa TiO^ paint aad India ink painted oa the 

skia. The -warelength. region froa O.k p. to 2.6 p. was iavestigatea.. 

Traasfflittaiiee studies were also made oa these coatings of TIO^ aad India 

ink In the saae •wavelength raage. 

For this study it was necessary to construct a spherical type 

integrating reflectoaeter which v&s aa laiproveaeiit oTer preirioms efttip-

aent. 

http://refleeta3a.ce
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IBTBOPUGflOl 

In the study of the effect of TiO^ paint aat India ink (l) on the 

5 0 effective r^iant expostire on 2+ sad k-f- 131x013 on Chester White pigs, 

it hecase necessary to teoir not only the total reflectance of pig skia 

to the 2h inch carhon. arc hurning sotiree, hut also the total traiisBittance 

aaa. reflectance of the TiO^ paint and India ink. It is the parpose of 

this isTesti^tloB to deteraiae these reflectances aad traasnittaaees. 

The aethot for finding the reflecta.see eoaslstet of comparing the deflec-

tloBS resialtiiig fro® eaergy diffusely reflected from a sample of know! re-

fleetsBce sad from aa •ttafcaowi sas^lej in order to find the traasnittancej 

the deflections resaltisg froa passing eaergy throti^ a substance paiated 

vith the creatB of Interest aad the smhstaEce aloce were coapared. Is. order 

to accowplish this, it vas necessary to coastruct an. integrating sphere 

refleetoseter hecamse the Cohleiitz type reflect ometer (2) tised preTlousl'^ 

tid aot lead itself to finding the reflectance of pig sfeln om the side of 

a pig and "because there were eertala inherent errors in the latter type of 

reflectoaeter, 

a e shore data will he VLSBS. (l) to e-mluate the seTerity of huras 

as a fmiction of transialttaaee and reflectance. 

I@!IB0DS M P MAflRIAIS 

All of the etaipaent usedj except the integrating sphere aad electro

static depositor, has heen 4escrihe4 in detail prefiomsly (2). A hlocfc 4ia-

gran of the eqiaipneat appears ia Fig. 1. Light fro® the source i «as focussed 

OB the entraace slit of the Perkin-llaer model 83 moaochroaator hy aeaas of 

tvo spherical mirrors Mj_ aad M2. The Bonochroaatic raAiatioa passihg throm^ 
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MoBOchromator 

Integrating Sphere 

Figure 1 

HFEECTOMlTll BLOCK DIAGBAM 
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the exit slit of the fflonochroiiator was focasset on the saisple, the reflect

ance of which iras to be fotini, by oieaas of two off-axis parabolic nirrors 

M-3 aad Mj^. Ia the case of the traasttittaaee tieasiareaeats, the sanrple vas 

placed in front of the entrance port of the integrating sphere and aonochro-

aatic radiation «as passed thromgh. 

Itt preTioms stiadies utilizing a heoispherical »irror type reflectoa

eter (2), it was fotma. that the hi#i reflectlTity of the FbS receiver re

sulted in aa inherent error in, the reflectifity meastiretieats. Work is sow 

in progress to 4eTelop a relatlTely "black caTity type FbS cell. Meamrhile, 

it was decides, to fabricate aa integrating sphere tjpe reflectoaeter as 

suggested by Jaeqmez et al (3). The eonstniction of the sphere was based 

CD. the theoretical eonclusioas of Jacquez and Kappenheioi (k), 

•Hae spherical integrator was tasile mp of two heoispheres sptm fron 

1/32 inch 2% Sf aluiainwi sheet. The hemispheres had 5/16 inch wite flaages 

so that they could he Joined to for® a sphere ii--l/2 inch in diameter. A 

3/h inch entrstaee port was located, at the apex of one of the hemispheres j 

further, a sa^le and staadard portj .k2Q inch in diameter and s-mbtesdiag 

aa aagle of 30^ at the eatrance port, vere located on the other hemisphere 

as showa in Figs. 2 and 3* A receiirer wiadow, for a 10 ma Bttron detector^ 

was located ia the entraace port heaisphere as shami in the aboT© figures, 

fhe sphere notiat was Hade so that the sphere could "be rotated about a ver

tical axis through the center of the entraice port* The laonHt comM index 

the sphere so that ratlaat energy entering the sphere woalt he incident on 

either the ssaple or standard port. 

Because the thickness of the coat of paint, and thus Its reflectance, 

iraried from application to application, a method was devisei. to stantordize 
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FIGURE 2 

1. Entrance Port 

2. FbS Cell (Ektron Detector) 

3. Sphere Moxmt 

k. Sample Port 

5. Sanrple Port with MgO Standard 

Plug Inserted 
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SIDE V1M1 

Figure 3 

DfEGMTIIG SPHIRI 
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the thickness within arbitrary limits. A ttmgsten light source was placed 

about 6 inches from the painted spot on the side of the pig at about a 20" 

angle of incidence, A Photronic cell was placed at the same distance on 

the normal to the starface. The soTiree and the cell were in a housing vhich 

restricted the illumination on the side of the pig to a 3 A inch circle. 

The voltage across the cell developed by the light reflected from the painted 

spot, was measured with a self balancing potentiometer. A standard piece 

of white paper was placed over the aperture and a rheostat across the lamp 

adjusted until the potentiometer registered a given deflection. The aper

ture was then placed over the painted spot and the coating accepted only 

if the deflection of the potentiometer fell within chosen limits. 

With the unknown sample in place at one of the ports and a standard 

MgO coated sample (5) in place at the other, monochromatic radiation 

was focussed on either of the ports. A run was then made through the spec

trum from .k p. to 2.6 p., the procedure being repeated after indexing the 

sphere, for the radiation incident on the other port. At a given wavelength, 

the ratio of the deflection resulting from irradiation at the unknown sample 

to that for the standard sample was the reflectance of the sample at that 

particular wavelength. 

In the transmittance measurements, the two sample ports were filled 

with MgO satDples and a piece of thin excised pig skin was placed over the 

entrance poirb of the sphere. A run was made between ,k VL and 2.6 p. The 

excised skin was then painted in turn with the Ti02 paint and the India ink 

and identical runs made, the ratios at a given wavelength between the de

flections resulting with a paint to that of Just the skin alone gave the 

transmittance of the paint at a given wavelength. 
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The transmittance of the paints were also determined by painting 

them on a base of quartz and a base of Aeroplast* instead of on excised 

skin. The Aeroplast was sprayed over a 2 inch by 2 inch area of a live 

pig according to the directions on the dispenser. After drying, the piece 

was pulled off. It was found that the xmder portion had the same topography 

as that of the pig skin. 

The two paints investigated were titanium dioxide ** and India ink. 

The India ink was a commercial brand with a few drops of detergent added 

so that it would wet the sxrrface of the skin. 

The total reflectance to the spectral distribution of the 2if inch 

carbon arc was fovmd between ,h û and 2.6 ja by 

2.6 jx 
r. J; AX 

2.6 )X 

.k )i 

where r̂ ^ = Spectral reflectance of sample at given wavelength 

J;;, = Relative spectral energy distribution of 2k inch arc. 

The same expression holds for the total transmittance with r^ replaced 

* Aeroplast - A liquid surgical dressing made by Aeroplast Corporation, 

** TiO 9 Gms. 

HgO 7.5 cc. 

"Joy" (a commercial liquid detergent) 6 drops 

Glycerol U.5 cc. 



10 

Because it Is -rery difficult to deposit a wnlfom coating of M ^ 

on a large surface such as the inside of the Integratiag sphere, a sjs-

tea used "by Tellex and WsMron (6) -was used, A schematic diagraa is 

showi is Fig. k. In general, the procedttre consists in applying a 4c 

potential of abomt 6000 T betireea the heaisphere to he coatei aad a 

nichrose wire gauze on •which htiming sagneslmn Is placed. By using this 

methot of electrostatic 4epositios, irery unlforB coatings of MgO of 

about 1 om thiclmese were obtained. 

BBSPUrS 

A suffisary of the reflectaaee and traasttittanee data are giTen. in. 

Table 1. All of the total reflectaaces and traasmittaaees showa are for 

the spectral distrihtatloia of the 2k inch earhou arc msea. ia this labora

tory (T). The first four reflectances were taken oa ose pig on the saae 

spot and the next fo«r were made at different points oa saother pig's 

side. 

Fig, 5 represents an average cwrire of spectral reflectance -verstis 

wsfelength for hare, mipainted pig skin. Figs. 6 and 7 show the spectral 

reflectaaces of fiO„ and India iak on pig skin for the extreme acceptahle 

liaits. 

In a preTioas report (3) reflectance measiareBeats were doae on ex

cised pig slEin with the Coblentz type reflectoaeter. The average of the 

results of this set of readings are giTea in Fig, 8 along with the reflee-

tasee ciarve of Fig. k^ 

Fig. 9 gives spectral transaiittarice cm-res for fiÔ j on excised pig 

skin and also the spectral traastaittaace of ladis ink on qtmrtz. The 
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TABU 1 

PIG SKU IMEiCfMCl^ TiOp PAIHT AID HDIA UK MPIECTAIGl AID ISMSMlIfAICI 

Description, of Smhstaace 

Pig, hare skia 

One sklH area four 
a i f ferent readings 

Fowf skia areas 

Pig with f IO2 

Lower l imit 

Upper U n i t 

After 0.3 sec . 2+ hmm 

n •? 0 " " " 

" 30.0 " " " 

l o hum, o c t r o i 

Pig with Itt41a ink 

Lower H a l t 

Upper l i a i t 

Ti02 Treuasaittaace 

On excised p ig skin 

Oa q,imrtz 

Oa Aeroplaet 

lis4ia ink t r aa sa i t t aace 

OB qimrtz and AeroplAst 

Total Beflectaace (Rfc) 9»4 1?3faasiftittSBee(T^) 

1. s .^1 

R,. a ,^1 

% « .38 

1^ « .39 

Ej. = M 

% = .36 

B^ « .5% 

B^ « .51 

1^ . .3h 

B^ , .lit 

T^ s .26 

Ti s .27 

% « .29 

f̂  s .11 
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Chester White Bare Skin 
Eefleetance 

With Spherical Integrator 

^ leadings at h different settings 
on one animal 

S 

1.0 1.2 l.k l . € 1,8 2.0 2.2 2.% 2.6 

Wavelength p. 

Figure 5 
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HEFEECTAICS 

.8 1.0 1.2 l.k 1.6 1.8 
Wavelength }i 

Upper Liait 

Lower Liait 

2.0 2.2 2,k 2.6 

Figure 6 
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SEFIECTAICB OF ITOIA IIK OH 
CHESTIR WHITl PIG 

l.k 1.6 1.8 2.0 

Wavelength p. 

Figure 7 
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Limit 
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COMPASISOl OF RIFEECTAICI OF 
IXCISS) & Lim PIG SKU 

^ 

c i s e d , Heralspherical Bef l ee . 
^ _,..--Mve, S p h e r i c a l I n t e g . 

Wavelength p. 

Figtjre 8 
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lower curve extends only to 2.2 jx hecaase of the low detectivity (sensi

tivity /noise) hetween 2.2 ja ana 2.6 p. for India Isk. Fig. 10 gives the 

spectral traasmittaace, reflectance and absorptaace of TiO^ cream on 

qtmrtz. 

DISCOSSIQg OF̂  RESPLfS 

The average of the ei^it total reflectance readings on the side of 

a live pig was O.39. It is interesting to note here the slaiilarity he-

tween the results ohtaiaed for excised pig skin measured with a hemis

pherical reflectoaeter (3) and those of the present experiment, fhe aver

age total reflectance fo«nd ia the former stMj was Q,kl, The spectral 

distrihmtlons ia Fig. 8 are quite similar^ the differences in the blue 

and red portions of the spectram probahly heiag diae to a lack of hlood in 

the excised tissue. 

•Hae changes in the total reflectances of TiO OB a pig after saffer-

ing a 2+ hum given in 0.3 sec, 3-0 sec, and 30.0 sec. are not significant, 

fhis portion of the experioent was uadertaJsea to see if there were differ

ences in the reflectance of painted stin after hums at the above exposure 

times vere applied. If there irere, this might help explain some of the re

sults ohtained in studying the protective effect of paints (l). The evi

dence at the present time also indicates that there are no sigaificaat 

transient reflectance chaages duriag the time of the exposure. 

In looking at the transmittance curve for Ti02 ia Fig, 9 one wotild 

expect that this stibstaace is q.tiite traaspartent at about 1.93 |if a water 

ahsorption haad. Because there is coasiderable water ia tissae, the ahsorp-

tlon carve of the tissue taken aloae votild contain this hand. If this •̂ i.ter 
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remained in the tissue after the paint was applied and dried, the absorp

tion bsmd would be cancelled in finding the absorptance of the paint. How

ever, with the results of Fig. 9) it is reasonable to assume that the 

paint absorbed some water from the tissue and, in drying, there was some 

net water loss. To correct this, the transmittance of the TiOp and the 

India ink was fo\md by using the Aeroplast "pig skin" mentioned previous

ly. 

The reflectance and transmittance of the Ti02 paint, using the 

Aeroplast "pig skin", added up to more than 100^ at several wavelengths. 

Even if there were no absorption in the paint one woxild certainly have 

to account for the fact that the sum of the reflected and transmitted 

energies was greater than the incident energy. The characteristic of the 

Aeroplast is such that the incident energy which gets through the paint 

layer is scattered back toward the paint. Since the reflectance of the 

TiOo paint is quite high throughout the wavelength region of interest, a 

good deal of this back scattered energy is reflected by the under portion 

of the TiOg layer and contributes to that energy entering the integrating 

sphere. Since the transmittance is found by taking the ratio of the energy 

passing through the Aeroplast with and without a coating of paint, the 

readings will be higher than they should be. The same holds for the re

flectance readings with the Aeroplast and TiOp paint except that in this 

case the back scattered energy re-enters the TiOp film and constributes to 

the reflectaxice. 

In order to obviate the above, the paint was applied to a thin piece 

of well polished quartz which has very little back scatter. This resulted 

in a lowering of both the transmittance and reflectance to the point where 
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the sum of the two was well below 100^, as shown by the absorptance 

cxirve of Fig. 10. The fact that the topography of the quartz and the 

pig skin are quite different does not seem to have any effect upon 

the reflectance in the two cases, and the difference resulting in the 

transmittance, if any, certainly is within the upper and lower limits 

for an acceptable coat set by the conditions of the experiment (l). 

The transmittance of the India ink on quartz is the same as it is on 

Aeroplast, largely due to the low reflectance of India ink. 

SUMMARY AMD COHCLUSIOHS 

1. A method for measuring the diffuse reflectance of pig skin and the 

diffuse reflectance and transmittance of titanium dioxide (TiO ) 

paint and India ink was described. 

2. A comparison tjrpe spherical Integrating reflectometer was designed 

and constructed because of some inherent disadvantages foiind in a 

Coblentz type reflectometer used in this laboratory. 

3. Very little difference was found between reflectance readings on ex

cised pig skin and on skin of the living animal. The reflectance to 

the wavelength distribution of the 2k inch carbon arc source was O.ii-l 

for the former and 0.39 ^ov the latter. 

k. The reflectance of TiOg on the skin of a live pig did not change sig

nificantly after infliction of 2+ 0.3 sec, 3.0 sec. and 30.0 sec. 

b\ims. 

5. The reflectance to the wavelength distribution of the 2k inch carbon 

arc source of Ti02 paint on pig skin ranged from O.kS to 0.62 for the 

thinnest and thickest coats respectively; for the India ink, 0.06 

to O.lif respectively. 

6. The transmittance of thin films of TiOg paint and India ink was 0.27 

and 0.11 respectively. 
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