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THE MEASUREMENT OF DIFFUSE REFLECTANCE OF PIG SKIN,
TITANIUM DIOXIDE PAINT AND INDIA INK; THE TRANS-
MITTANCE OF TITANTUM DIOXIDE AND INDIA INK,

By

Leo J. Krolak

ABSTRACT
Diffuse reflectance measurements were made on the bare skin of
Chester White pigs and also on Ti0, paint and India ink painted on the
skin. The wavelength region from 0.k p to 2.6 p was investigated.
Transmittance studies were alsco made on these coatings of Tiﬂz and India

ink in the same wavelength range.

For this study it was necessary to construct a spherical type

integrating reflectometer which wae an improvement over previcus equip-

ment .,
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INTRODUCTION

In the study of the effect of TiO,paint and Indis ink {1} on the
50% effective radiant exposure on 2+ and 4+ burns on Chester White pigs,
it became necessary to know not only the tobal reflectance of pig skin
to the 24 inch carbon arc burning source, but also the total transmittance
and reflectance of the Ti0, paint and India ink. Tt is the purpose of
thig investigation Yo debermine these reflectances and trensmitiances.
The method Tor finding the reflectance consisted of comparing the deflec-
tions resulting frowm energy diffusely reflected from & sample of knowm re-
flectance end from an unknown sample; in ovder to find the transmittance,
the deflections resulting from passing energy through a substance painted
with the cream of ivnterest and the substance alope were compared. In order
to accomplish this, 1t was necessary to construct an integrating sphere
reflectometer because the Coblentz type reflectometer {2) used previously
did not lend itself to finding the reflectance of pig skin on the gide of
8 pig and because there were certaln igherent errors in the lstter type of
reflectoneter.

The ebove data will be used (1) to evsluate the geverity of burns

ag a function of transmititance and reflectance,

METHODS AND MATERTALS

All of the equipment used, except the integrating sphere and electro-
static depositor, has been described in detail previcusly (2). A block dia-
gram of the equipment appears in Fig. 1. Light from the source B was focussed
on the entrance slit of the Perkin-Elmer wmodel 83 monochromator by means of

two spherical mirrors Ml and KQ» The wmonochromatic radistion passing through
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the exit slit of the wmomochrowstor was focussed on the sample, the reflect-
ance of which was to be found, by means of two off-axis parebolic mirrors
ms and M&, In the case of the transmittance measurements, the semple was
placed in front of the entrance port of the integrating srhere and monochro-
matic radiation was passed through.

In previous studies utilizing & hemispherical wirror type reflectom-
eter (2), it was found that the high reflectivity of the FbS receiver re-
sulted in an inbherent ervor in the reflectivity wmeasurements. Work is now
in progress to develop a relatively black cavity type PbS cell. Meanvhile,
it was decided to fabricate an integraiing sphere type reflectomeber ag
suggested by Jacquez et al {3). The construction of the sphere was based
on the theoretical conclusions of Jacguez and Kuppenheim (4.

The spherical integrator was made up of two hemispherss spun frowm
1/32 inch 24 ST aluminum sheet. The hemispheres had 5/16 inch wide flanges
g0 that they could be joined to form a sphere 4-1/2 inch in dismeter. A
3/4 inch entrence port was located at the apex of one of the hemispheres;
further, a sample and standard port, .420 inch in diasmeter and subtending
an angle of 30° at the entrance port, were located on the other hemisphere
as shown in Figs. 2 and 3. A receiver window, for & 10 mm Ektron detector,
was located in the entrance port hemisphere as shown in the sbove figures,
The sphere mount was wmade so that the sphere could be rotated sboul a verw
tical axis through the center of the entrance port. The mount could index
the sphere so thalt radlant energy entering the sphere would be incident on
either the sample or standard port.

Because the thickness of the coabt of paint, and thus its reflectance,

varied from application to application, = method was devised to standardize
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the thickness within arbitrary limits. A tungsten light source was placed
about 6 inches from the painted spot on the side of the pig at asbout a 20°
angle of incidence. A Photronic cell was placed at the same distance on
the normal to the surface. The source and the cell were in a housing which
restricted the i1llumination on the side of the pig to a 3/h inch circle.
The voltage across the cell developed by the light reflected from the painted
spot, was measured with a self balancing potentiometer, A standsrd piece
of white paper was placed over the aperture and a rheostat across the lamp
adjusted until the potentlometer 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
Mg0 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 .L N to 2.6 Ji, 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 samples and a piece of thin excised pig skin was placed over the
entrance port of the sphere. A run was made between .4 y.and 2.6 p. The
excised skin was then painted in turn with the TiO, 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.




The transmittance of the paints were also determined by painting
them on a bage 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 s live
pig according to the directions on the dispenser. After drying, the piece
was pulled off. It was found that the under 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 & few drops of detergent added
so that it would wet the surface of the skin.

The total reflectance to the spectral distribution of the 24 inch

carbon arc was found between .4 u and 2.6 u by

2.6 n
< r, I, A
o
2.6 n
<t N
Z_a \J; A/r
Aop
where T, = Spectral reflectance of sample at given wavelength

Relative spectral energy distribution of 24 inch arec.

1]

I
The same expression holds for the total transmittance with r, replaced

by t,

L T T T R R . T T I I L

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

*% TiO2 9 Gums.
Hy0 T.5 ecc.
"Joy" (a commercial liquid detergent) 6 drops

Glycerol 4.5 cc.
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Because it is very difficult to deposit a uniform coating of Mgl
on & large surface such as the inside of the integrating sphere, a sys-
tem used by Tellex and Waldron (6) was used. A schematic diagram is
shown in Fig. 4. In general, the procedure consists in applying a de
potential of sbout 6000 v between the hemisphere to be coated and a
nichrome wire gauze on which burning wegnesium is placed. By using this
method of electrostatic deposition, very uniforw coatings of Mgd of

ghout 1 mm thickness were obtained.

RESULTS

A sumwary of the reflectance and transmibiance data are given in
Teble 1. All of the total reflectances and transwmittances shown are for
the spectral distribution of the 24 inch carbon arc used in this labora-
tory (7). The first four reflectances were teken on one pig on the same
spot and the next four were wade at different points on another pig's
side.

Fig. 5 represents an average curve of spectral reflectance versus
wavelength for bare, unpainted pig skin. Figs. 6 and 7 show the spectral
reflectances of ?102 and Indis ink on plg skin for the ewbtreme acceptable
limits.

In a previous report (3) reflectance weasurements were done on ex-
ciged pig skin with the Coblentz type reflectometer. The average of the
results of this set of readings are given in Fig. 8 along with the reflec-
tance curve of Fig. k.

Fig. O gives spectral transmittance curves for Ti0, on excised pig

2
skin and also the speciral trensmittence of India ink on quartz., The
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TABLE 1
PIG SKIN REFLECTANCE, TiO, PAINT AND INDIA INK REFLECTANCE AND TRANSMITTANCE

Description of Substance Total Reflectance (Ry) and Transmittsnce(T,)

Pig, bare skin

One skin area four R
different readings

b
it

i
=
o

Four skin areas

%
=
b

R S B A P
8 B

W "

o %

Pig with TiO,

Lower limit Ry = 49

Upper limit Ry = .62

After 0.3 sec. 2+ burn R, = .5k

" 3.0 = " ¥ R, = .52

" 30,0 * v v R, = .51

No burn, control R, = .5l
Pig with Indis ink

Lower limit R, = .06

Upper limit Ry = .1k
Ti0, Transmittance

On excised pig skin T, = .26

On guartz Ty = .27

On Aeroplast Ty = .29
India ink transmittance

On quartz and Aeroplast Ty = .11
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lower curve extends only to 2.2 u because of the low detectivity (sensi-
tivity/noise) between 2.2 p and 2.6 j for Indie ink. Fig. 10 gives the
spectral transmittance, reflectance and sbsorptance of Ti02 crean on

guartz.,

DISCUSSION OF RESULTS

The average of the eight total reflectance readings on the side of
g live plg was 0.30. It is inmteresting to note here the similarity be-
tween the results obtained for excised pig skin measured with & hemis-
pherical reflectometer (3) and those of the present experiment. The aver-
age total reflectance found in the former study was 0.41. The spectral
distributions in Fig. 8 are quite similar, the differences in the blue
and red portions of the spectrum probably being dve fo a lack of blood in
the excised tissue,

The changes in the total reflecteances of Ti0, on a pig after suffer-

2
ing a 2+ burn given in 0.3 sec., 3.0 sec. and 30.0 sec. are nolt significant.
This portion of the experiment was unlertaken to see if there were differ-
ences in the reflectance of painted skin after burns at the above exposure
times were applied. If there were, this might help explain some of the re-
sults obtained in studying the protective effect of paints (1), The evi-
dence at the present time also indicates thalt there are no significant
transient reflectance changes during the time of the exposure.

In looking at the transmittance curve for Ti0s in Fig. 9 one would
expect that this substance is quite transpartent at sbout 1.93 p, a water

absorption band. Because there is considersble water in tissue, the absorp-

tion curve of the tissue taken alone would contain this band. If this water
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remained in the tissue after the paint was applied and dried, the absorp-
tion band 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 Tio2 and the
India ink was found by using the Aeroplast "pig skin" wentioned previous-
1ly.

The reflectance and transmittance of the TiO, 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 would certainly have
to account for the fact that the sum of the reflected and transmitted
energies was greater than the incident energy. The charsascteristic 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
TiO2 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 TiO, 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 TiO2 paint except that in this
case the back scattered energy re-enters the Tio2 film and constributes to
the reflectance.

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 sbsorptance
curve of Fig. 10. The fact that the topography of the quartz and the
plg 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 (1).
The transmittance of the India ink on quartz is the same as it is on

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

SUMMARY AND CONCILUSIONS

1. A wmethod for measuring the diffuse reflectance of pig skin and the
diffuse reflectance and transmittance of titanium dioxide (Tiog)
paint and India ink was described.

2. A comparison type spherical integrating reflectometer was designed
and constructed because of some inherent disadvantages found in a
Coblentz type reflectometer used in this lsboratory.

3. Very little difference was found between reflectance readings on ex-
cigsed pig skin and on skin of the living animal. The reflectance to
the wavelength distribution of the 24 inch carbon arc source was O.L41
for the former and 0.39 for the latter.

4, The reflectance of T102 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.
burns.

5. The reflectance to the wavelength distribution of the 24 inch carbon
arc source of TiOp paint on pig skin ranged from 0.49 to 0.62 for the
thinnest and thickest coats respectively; for the India ink, 0.06
to 0.14 respectively.

6. The transmittance of thin films of Ti0, paint and India ink was 0.27

and 0.11 respectively.
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