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ABSTRACT ‘

QUANTITATIVE STUDIES ON THE EFFI',CTS OF :
NON-IOXHIZII"‘ RADIATICN ON TH:E SKIN :

H

-

/ I. SPECTRAL KIFIZCTANCE OF THE WHITE AND

NEGRO SKIN BETWEEN 440 AND 1000 up
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FaE e s

~ Ao investigate the socc;cral reflectance of the white and negro akin
under varied tan conditlon_, over an extended range to 1000 r,u. o

RESULTS AND COMCLUSIONS - mity siirer

Ch e e S RESSURE,

The maxinum reflectance of the white skin was found betwcen 720 and
820 ru; it is shifted to aboit &840 m with increasing tan. Cn the negro
skin it is found at about 900 . Two reflectance minima, probzbly caused
by water absorption bands, were found; a flat one near 760 mp becomes less
pronounced with increased tan, and is completely msked on the heavily
- tanned negro skin; the other minimum at 980 mp is strongly pronounced, and
only slightly influenced by the degree of tan, The reflection difference
of untauned and tanned, as well as of white and negro skin, tends vo dis-

. appear with increasing; wavelength,
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i

RECCIIENDATIONS

- Reflectance measurements and their evalustion sheuld be extended

beyond 431 mp into the uliraviolet range on one hand, and beyond 1000 mu
:inte the infrared on the other hand,

: The- meaning of the present data with regard to the absorption of
black-body radiation should be exanined..

Other parts of the surface of the human body should be studied,
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The effects of known amounts of radiant ensrgy under variation of
the tme-in'censitj relation should be investigated.

e

G

BN
T

L Submitted by

.7 H. F. Kuppentiéim, Chisf Biophysicist
".Z .. ¢ R R, Heer, Yr., Biophysicist

T




QAKTIT.TIVE STUDIES OF THO SFFECTS OF
RNOU-TORIZING RADIATICON ON THE SKIN

I. SPECTRAL REFLECTANCE OF THE WHITS AND
NEZGRO SKIN BETWEEN ALO AND 1000 mp

I. INTRODUCTION

- Spectrophotometric reflectance measurements of the human skin in the
visfble range of tha spectrum (440 to 700 mp) have been made by several .
investigators, including Eiwards et al. (1). Their principdd objective
was the study of the compenents vwhich determine the skin's color topography

and of the variation of these components with respect ‘to race;, sex, age, etc.
On a sinpgle case, the method vwas used to analyza the pigment changes after
exposure to sunlizht (2). Similar studies of tie complexions of & freatgr
number o subjects were made from the viewpoint of lighting design {(3)

In the present investigation the spectrophotometcric method, when neces-
sary in-combination 4ith other methods, was used to find quantitative
relatiors betueen non-ionizing radiant energy and its effects on the skin,
meinly erythema and/or tarn.

Since these offects manifest themselves outwardly 2s changes of the
skin color, the spectrophotometric analysis of the skin cclor and of its
time course, appeared to be an appropriate method not only to desecribe the
radiation effcct quantitatively but also to bring it into a qusntitative
relation to the cause, that is, to the amcunt of radiant snergy and its
time~-intensity comporents. an essential advantage of the method is thal
it can be applied to the living skin without interfering with the biological
processes,

A knowledge of the spectrophotometrically measured skin reflectance
can be expected to yield useful quantitative information on what might be
called the spectral protective coefficient of the skin, that is to what
desree, under different skin conditions, the incident radiant energy may be
able to penetrate and to become biologically effactive,

Since most of the existingz colorimetric knowledge of the skin is based
upon individual spectrophotoretric reflectance measurements (1) (2), it
appeared desirable not only to establish a broader basis by measuring the
skin reflectance of a large group of individual whites as well as negros,
but also to extend the range beyond the 700 mp limit to 1000 mp, which is,
the limit determined by the present instrumentation. The reason for this .
extension is based upon the desire to xnow mors about the behavior of the
skin toward thermal (burn preducing) radiation which nay originate, for
sxample, {rom the aerial burst of nuclear weapons, -

1I., EXPERIMENTAL

The reflectance curves were taken with a General Electris recording-
spectrophotuneter of the design of Arthur C. Hardy. The measuring range,
431 to 1000 mp, was deterrdned by the instrument. The instrument was cali-




brated daily, and the white -0 reflection stundards were prepured Iresh
each day and checled against a Vitrolite workines standurd calibrated by
the National Bureau of Standards. The Mp0 standards were prepared by un
improved process developed in this laboratory., The process will be
described separately.
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The selection of the skin areas to he weasured was made as follows:
One area as untanned as possivle, a secend area as excessively naturally
tanned as possible, and a third, normally tanned area were chosen. A part
of body skin with low melanin content wiich is practically never exposed
to sunlicht would have been the most Jesirabl: least tanned area., Dbecuise
of the present desi;n of the spectrophotometer the proper and safe position-
ing of such a body part was 1rpract1cal, for it is essential to bring lhe
area to be measured (a civcular spot of 1" diasmeter) in ;ood and eUU¢¢J
maintainable contact with the opening cf the interratin: sphere, The are:
selected as 2 good avproximation to the 'ntanned, o rather leash tanned
part of the body, was the insilde of the right forearr, mldwiy between tne
wrist and elbow., For the rioct tanned area the outside of the left arn
rmddway between the wrist and elbow was chicsen. This area becomes :eam1¢,,
naturally tanned during the summer with wnit moy be called "driver's tan."
Since the measurenents were nade at the enld of sumer, it can be asswied
that this "driver's tan' had resched its maxizum., For tie nomaally tunned
area the forehead over the left eye wis chosen.

The recordings were taken at low speed in order to minimize any Inexriia
of the stylus. It took four and one helf pinutes for a single recordirn,.
The variation of pressure on the skin area being measured caused by unwanted
movement of the subject could change the blood circulation and thus distort
the reflectancs. Therefore, it was of ¢ nsiderable importance that the
subject remain as still as possible and .t vary the pressure against ine
inteprating sphere during the recording. It was found that under the present
experimental conditions this could be accomplished aatisfcoctorily.

Reflectance measurerents were mde on 113 subjects, namely, 50 white
males, 21 negro maies, 21 white females, and 21 negro females, Two originul
reflectance diagrams are shown in Figure 1 and Figure 2; due to the desizn
of the recording spectrophotometer used, the abscissa is non-linezr., In
this report no differentiation was made &is to complexion, age, or sex. The
tolal number of subjects used was not large cnough to be analyzed according
to these factors and still yield statistically acceptsble results. The
reflsctance vaiues were read from the curves at 20 ap intervalis. The arith-
netic mean values were obtained by tire class interval method, ss were the
standard deviations which were calculated according to the statistical
definition of this term,
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III. RESULTS AND DISCUSSION
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The results of the statistical caaputation are compiled in Table 1 and
shown in the fizures 3, 4 and 5. The non-linear abscissa of Figures 1 and 2
. - was used in these graphs to facilitate the comparison., The distribution of
"~ the data was fouad to be ractangular rather than normai. In 84% of the
Y detarminations -at least 68% of the cases lie within ¢ ¢ and - ¢
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A, Gereral Discussion of the Reflectance Graphs

In the =pectral region below 700 mp the reflection minima at
542 mu and 576 mp (due to the abserption by oxyhemoglobin) and at 556 mu
{due to the absorption by reduced hemoglobin) become less pronouncad (blunted)
as the pigmentation increases. This effect can be seen on Pigure 1, and even
more strikingly on Figure 2, Zarlisr observations (1) are thus confirmed.

In the spectral region above 700 m two hitherto unpublished
reflection minima can be seen on the white and on the not too heavily tanned
nerre skin, The more pronounced minimum is found at 980 mp. It 3s probably
due to a water absorption bamd, and it aseems to be influenced only slightly
by the degree of tan. It was never found as strongly blunted as the oxyhemo-
globin and hemoglobin minima even on the additionally tanned negro skin

curve 2 in Figure 1, and curve 2 in Figure 2)., The second minimum is seen
near 760 mp, It appears us & f1lat dip on the least tanned white sidn (curve
1 in Figure 1) and becomes less pronounced with increased tan., On the least
tonued negro skin it can hardly Ye seen, and on the heavily tanned negro
skin it is completely misked by the melanin, which, in general, doxinates
the reflection of the negro skin as can be ssen from the slope of the curve
in comparison to the white skin (see Reference (1), Figure 4). This second
rminiman probably aiso can be ascribed to a water sbscrption "-nd. Trans-
rdttance measurerents of distilled water, tap water, and iso’ nic saline
solutisn in a 50 mn layer showed not only a sharp dip (near 9'D np) to
about, 10% transmittante, but a1lso a flat and broad dip, beginning at about
710 mp and extending firom 730 to 760 mp at about 93% tranamdttance (for
distilled water and saline solution) and 84% tronsmittance (for tap water).
43 can be seen fron the refiectance curves (Figure 1 and Figure 2), the
maximun of reflection in the spectral region under investigation occurs
between 720 and 820 mp for the white urntanned -'dn, and is shifted towards
greater wavelengths with increasing pigmentat:: . to about 840 m for the
tanned white skin, and to about 9W mp for the nepru skin. A third reflec-
tion rdniinum was found at 645 mp on the least tarned area of some white
subjects with high reflectance in that wavelength reglon. It is far less
pronounced than the minimum at 720 gu; and a very light degree of pigmenta-
tion niready causes a complete masking., This minimum too probably can be
ascrived to a weak water absorption band at &5 mp,

At this stage of the investigation concern was not given to the
absolute values of the reflectance maxima., It i= known that diffurent parts
of the body surface show different reflactance values, and that some parts of
the body surface show considerable seasonal fluctuations in their reflectance,
An attempt was not made to establish statistically a gereral, that is a year-
round, reflectance curve for the different skin areas and different races
respectively.

Thua it has to be kept in mind that the results are to he appiiad
only for the thres reasured areas and for the time of the year, nsmely, the
end of awmer, when tne reflectance measuresents were performed. Although
the results confiim earlier investigzatio.s (3) of the seasonal factor, a
numerical comparison cannot be made due to the difference in the expsrimental
conditions. For a detailed study of the seasonal factor. its geographisal
and occupatioral components should be taken into consideration.
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However, the results could re compured with an unpuablished
reflectance curve taken in January st the National Bureau of Standards over
the same wavelength range and from the sume skin area (forehead above the
left eye). The expected higher reflectivity for the January measurecment
was found. Because of the seasonsal factor in tiis investigation, a numerical

comparison with the results of the spsctrophotometric complexion studies (3)
cannot be made.

No particular attention wae paid in the present study to the
blood component of the skin color and its variation nor to the individu:l
pigments (melanine, melanoid, carotene) which pliy a role in determining
the skin color. This will be done in 2 later stape when *he relation
betwean applied radiant energy and biological affect, mainly erythema and
tan, is studied quantitatively, Furtherworc, tiwe colorimetric aspect of
the problen (ovaluating the reflectance measurements for dominant wavelen -th,
relative brightness, and purity) was not regsrded as part of this inverti-
gation. It also was not considersd part of the present investirat i Lo
study in detail the influence of aze, sex and counnlexion.

B. Special Discussion of the white and Me;ro Skin and of tne
additional “ipmentation

The relation between reflsctance and concentration or tidckness
of the reflecting substance cannci oe exrressed in a physical law sinil.r to
Beer's and Bouguer's laws for trunsmiltance, Tierefore, the measured reflec-
tance values do not allow, 2t thas time, a ~uurtitative conclusion for the
total and relativ: amount of added pigment. However, the following conc.u-
sions can be made from the mrecont measurements.

A comparison of the untanned areas {inside right forearm) of
white and neyro skin is made in Table 2, Column 2, :(nd is shown in curve 1
of Pigure 6. The spectral reflectance of the vhite skin area is made to
equal 100; thus, the curve shows the variation of the relative spectral
reflectunce of the negro skin through the spectral rangs under study. &
similar camparison for the most tanned areas (outside left forearm) for both
skins is made in Column 3 of Table 2 and is chown in Uurve 2 of Figsure 6.

As can be seen from the tables and curves, the relative spectr-l
reflectaice values above 600 mp increase steadily wnd, at the same tine,
converge mutually as well as towards the reflectance values of the unt.rned
and tanned white skin respectively. In other words, the reflectznce dilfer-
ences of the negro skin tend to disappear with incressing wavelength.

The same conclusion can be made from a similar camparisor of the
lrast tanned and the most tann~d areas for the white amd the negro skin.

-The spectral reflectance of the least tinned areas was made to ecu.l 150,

and the relative spectral reflectance values are shown an Table 2, Colurns
4 and 5, and the curves ¥ and N of Figure 7,

This conclusion confirms the statement that the viaible color of

4,{h¢'akin exerts no influence on iis absorbing power in the infrared (7).

In the wavelength region below £00 m the relative spectral

~reflectance values spread considerably. This seems to indicate that tie
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sdditionsl pismentation("driver's tan" on the outside left, arm) caugses &
greater chanve (decrease) of reflection on the white skin than on ths negro
skin., This could mean that pigmentation added to a low primary pigmentation
(25 in the white skin) csuses u greater decrease of reflection, whercas
pigrazntation added to an elready high level of primary pigmentation {negro
siin) results in a smsller decrease of reflection. Whether or not, and if
so how, a saturation phenomenon enters into this problem, cannect be stated
al this stage.

in the wavelonpth region, 560 to 600 mp, the curves land 2 in
Figure 6, and the curves i and N in Figure #crose and show an irregularity
in direction, This can be ascribed to the fact that the reflection minima
due to the absorption by oxyhemozlobin (542 and 576 mp) and by reduced hemo~
globin (556 ip) are of stronger influence upon the reflectance in this
region, than the melanin pigzmentation.

Since, in the present phuse of the investigation, no sttempt was
made to determine quantitatively, or even to estimate the amouat of radiant
enery; which caused the additional pigmentation &driver's tan®), and the
time-intensity relation of the exposure, nothing can be sald about the
relation to ths additional pigmentation, The exposure, in the case of the
"driver's tan" could be characterized as protracted-fractionated, Very
little is known from the literaturs about the comparative radiation sensi-
tivity of the white and the negro skin with regard to pigmentation. One
case hns been described where a negro skin has required about ten times the
anount of ultraviolet energy to produce the same erythema as that of a white
suhjact (4). In this case a faster and heavier pigmentation was observed
on the negzro skin., Whether or not a thicker stiatum corneun in the negro
skin is the couse of the different resction, as was suspsct:d in the past,
has not yet been decided conclusively.

It can be expected that in 2 further study of the problem the
application of known amounts of radiant energy under given time-intensity
conditions may yield helpful information. In addition, an extension of the
reflectance measurements beyond the present limit of 1 g to about 3 p may
yield quantitative results which would reveal the absorptive properties of
the liviag skin towards thermal radiation in that wavelength range.

Iv, SUMMARY

The spectral reflectance of the human skin was measured over an ex-
tended range from 430 to 1000 my on a large nuwmber of whi‘e and negro sub-
jects under varied tan conditions; the results were evaluated statlstieally.
The maxinmunm reflectance was found between 720 and 820 mu on the least tanned
white skin; it is shifted towards sreater vavelengths with increased pligmen-
tation; on the heavily tanned negro skin it was found at 900 mp. Two reflec-
tance minima, probably due to water absorption bands were found; a flat one
near 760 mp which becomes masked progressively with increased plgrentation;
the other one at 980 mp which is strongly pronounced but only slightly
influenced by the d.gree of pigmentasion., The difference in spectral re-
flection of untanned and tanned sldn as well as of white and negro skin
tends to disappear with increasing wavelength.
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V. RECRITNDATIONS

Reflectance measurements and their evaliation should be extended beyond
431 mp into the ultraviolet range on one hand, and beyond 1000 mpu into the
infrared on the other hand,

The meaning of the prasent data with regard to the absorption of black-
body radiation should be examined,

Other parts of the surface of the humen body should be studied,

¥ - . >
lhe effects o hnown amounts of radiant energy under variation of the
ime~-intensity relation should be investigated.
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RELATIVE SPECTRAL REFLECTANCE
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Untanned area, inside right forearm .
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Untonned area, insitde right forearm.
Mest tanned areo, outside left forearm
Medium tanneg area, forehead over left eye
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