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LlGHT IS known to promote many chemical events
other than those resulting in vision—the primary
concern of the illuminating engineer. The literature
is replete with examples of photochemical phenomena
ranging from degradation or fading of organic and
inorganic dyes, pigments and other materials to syn-
thesis of industrial chemicals and sustenance of life
itself.1 1% Generally speaking, these are of peripheral
interest to the illuminating engineer by definition.

The instant case involving the first light to which
newborn babies are exposed is, however, an exception
for it requires proper illumination of hospital nurs-
eries from both the standpoint of the illuminating
engineer and the medical phototherapist whose respec-
tive requirements may conflict.!216 Superimposed
upon the basic conflict—which does in fact exist—is
a failure on the part of both to understand the others’
jargon.

The purpose of the present paper is to review the
elements leading to the conflict and misunderstanding
and to put them in a perspective more amenable to
scientific evaluation. At the same time, it provides
both disciplines with essential illuminant data in ac-
curate tabular form, allowing convenient interconver-
sion between the various systems of units involving
illuminance in footcandles (lux), irradiance in micro-
walls per square centimeter, and quantum densities
in quanta per second per square centimeter.
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Hyperbilirubinemia

Hyperbilirubinemia means too much bilirubin in
the blood. Bilirubin is formed from the hemoglobin
of red cells (erythrocytes) in the course of their nor-
mal breakdown and is normally excreted after first
undergoing chemical reaction in the liver. When the
latter is not fully functional in this respect—as occurs
in the first few days of an infant’s life, especially pre-
mature infants—the bilirubin levelican rise in the
blood serum and lead to jaundice, which is distin-
guished by a visually detectable yellow coloration of
the skin. If allowed to persist at high levels in the
blood, the bilirubin can also cross the blood-brain bar-
rier (penetrable only by fat soluble substances) and
stain the brain cells with resulting permanent neuro-
logical damage.

The condition is known as kernicterus and results
in various degrees of motor and mental retardation.
As might be expected, the serum bilirubin level at
which this occurs is not sharply defined. Some doctors
consider the risk minimal below a concentration of
20 milligrams per 100 milliliters (mg-per cent) of
serum and others below 15 mg-per cent'and lower.17"21

In severe cases, a complete blood exchange is re-
sorted to which is not completely without risk. The
expected mortality in this procedure is near one per
cent for full-term infants and four per cent for pre-
matures, according to McKay.'® The incidence of
hyperbilirubinemia associated with prematurity is
sufficiently widespread (about 10-20 per cent of pre-
matures may be so afflicted'”) to be of general con-
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Figure 1. Wavelength dependency for the photodegradation of serum bilirubin (after Cremer)
and for the visual brightness sensation (CIE 1931 Standard Observer).

cern, especially in the context of those marginal cases
in which damage may be done at lower levels than
those generally considered harmful. However, this
high incidence is disputed by Gellis.>

Phototherapy of Hyperbilirubinemia

The remarkable thing is that bilirubin can be
“bleached” by light'® much like the rhodopsin in the
retinal rod receptors. Unlike rhodopsin, however, the
bilirubin reaction to light is apparently neither photo-
reversible nor chemically-reversible in the dark. This
is fortunate since it turns out that the photoproducts
of bilirubin are apparently excretable. Further, they
are apparently incapable of crossing the blood-brain
barrier, being water soluble, and are also apparently
non-toxic. “Apparently” is properly descriptive since
to this present date the real facts have not as yet been
incontrovertibly established.2?

As might be imagined, the discovery of the bili-
rubin photoefiect has been followed by intensive clini-
call?> 2247 and experimental®® 44 48-62 giydy in many
countries reminiscent of the activity following the dis-
covery of the “vitamin D factor” in sunlight early in
this century with the attendant array of new lamps
and therapeitic devices. Most of the bilirubin clinical
work has followed the basic lighting protocol de-
scribed originally by Cremer.'® He used a hemispher-
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ic stainless steel reflector fitted with eight 24-inch
light-blue (presumably 20-watt though 40-watt is
stated) fluorescent lamps positioned above the naked
infant, who was exposed to the entire visible and
ultraviolet spectrum of the lamps. However, while still
others have used the same basic geometry, they re-
port using various other colors of fluorescent lamps
in their clinical and experimental studies such as
blue, 25 26,32.38,40.47 coo] white,3:38.57 daylight, 17-30.
31,32,34,37,40,43 gnd special narrow-band blue,*® as well
as natural sunlight,'®-48 and a lamp simulating CIE
D-5500°K with a color rendering index of 91 repre-

senting natural sun 4 sky radiation.?®-%® Thus, the

question naturally arises as to the relative effective-
ness of these spectra in the phototherapy of hyper-

bilirubinemia as well as to what irradiance or foot-
candle level to use.

Action Spectrum for
Phototherapy of Hyperbilirubinemia

The illuminating engineer has no problem in rating
light sources for spectral luminous efficiency. Given
the spectral distribution of power, he simply has to
apply the CIE 1931 Standard Observer function to
find the luminosity factor which, when multiplied by
the electrical equivalent of light, gives the spectrum
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lumens per watt.% On this basis the cool white spec-
trum is the most efficient of the lamps mentioned. The
CIE Standard Observer function is the “action” spec-
trum the engineér needs to rate the effectiveness for
generating “light”—light by his definition being the
visually evaluated brightness attribute of radiation.
Literature reveals many absorbtion spectra of bili-

Therapy of Hyperbilirubinemia.

Table I—Spectral Irradiance Distribution of
Light Sources Used in Prevention and

(Microwatts per square centimeter per footcandle)

Wavelength CIE Cool CIE D~5500°K
- . . . 9 xS0 .
rubin in various media, together with the effects upon (m.)  D-5500°* White Daylisht Bl Blue-White _ CRI 91
the absorption spectrum of pH and of irradiation by m e a4 .o .00 -003 o
. . . . . 5 . . K K .00 017
different light sources for various periods of time.3%: 70 o 008008002 :
¢ . 750 .108 -005 .005 .004 .004 .022
44,48,49,51,52 However, the only data corresponding to
- . 740 128 .005 .005 .003 .005 .027
an action spectrum for photodegradation of serum ) o we 006 oot w0s ot
i 30 . ! B B . .
ilirubin ar 19
bl rubin a" e reported by Cr.er.ller'. R 720 .105 .008 .007 .004 .ne7 .042
»Absorptlon spectrum of bilirubin and action spec- 70 . o0 000 005 00 052
trum for photodegradation are, of course, not neces- 100 28 oz on .08 009 062
sarily equivalent. No true action spectrum for photo- 90 120 o7 .05 .00 013 074
therapy of hyperbilirubinemia could be found, al- 680 a0 20 o8 009 014 085
though Ostrow®® concludes photodegradation of bili- 670 . 021 24 00 .07 097
rubin is essentially independent of wavelength between 660 -13% 0% .00 0 -021 -108
about 400 nm and 600 nm. Cremer does not specify 650 133 0% om0 0% 10
for his data either the initial concentration of bili- &40 AW 0 R %
- . . s i . 630 136 .088 072 023 039 135
rubin which is important, the value of the light
620 a8 114 .092 .029 .047 .138
dosage used, or whether that dosage was based on " ns om o5 1
. . . 610 .143 144 . . . -
equal irradiances or equal quantum densities for the —
d.ﬂ N 600 142 73 140 .045 .067 138
ifferent wavelengths showfn. It is assumed, however, poos g s i o om 1%
that the study was done using equal irradiances. 580 a7 a3 .m s 27 470
Quarntum density may have more significance in 570 146 207 a1 .93 19 REY
photochemical studies of bilirubin since the primary 560 150 A% a6l 02 129 a3
processes are of a quantum nature governed by the 550 158 e 0 2@ 216 .18
. . 64 - -
Stark-Einstein law.% For example, if all wavelengths 540 153 s s 226 n 191
between 400-600 nm were equally effective on a 530 156 08 19 7w Rl 2146
quantum basis in photodegrading bilirubin, the re- 520 150 o e 2w 200 s
quired irradiance in the blue at 400 nm would have 510 181 o7 .23 281 225 RED
to be 6/4 or 150 per cent higher than for the red at 500 151 078 133 .29 24 127
600 nm, since the blue quantum is that much more 0 17 S 250 125
energetic thaﬂ the red. 480 154 .081 142 383 .252 124
. ) . 470 150 . . R . .
The action spectra for photodestruction of serum e A 251 b
e . . 460 <151 .075 136 .454 .233 112
bilirubin (after Cremer) and for the production of
. . ) X 450 147 077 23 469 212 103
the sensation of brightness are compared in Fig. 1. o e R n o
From this, it is evld(.ent that radiation near 555 nm 0 o2 e a6 0 8
::rl the”yell(')wgreen is most effective for producing 420 07 o om0 s s 062
light,” while that near 410-460 nm in the violet and a0 03 07 98 a7 am 093
blue is most effective for “bleaching or degrading” 400 092 060 om0 .17 e 080
serum bilirubin, which results in the basic difference 390 087 02 030 .21 037 .03
in “light” requirements of the engineer and the photo- 380 <049 oz o7y -020 -025
therapist. From these curves it is possible to evaluate 3o -052 009013 129 -026 -050
the relative effectiveness of light sources for which 360 <046 006007 .07 020 057
the spectral distribution of power or irradiance is 0 b L 0
known 340 .036 .0002 .0004 013 .001 .031
330 .031 .0004 .0004 .007 .001 .017
. . 320 017 .606 .004 907 004 004
lll.um|nant spectral _Data and 310 .003 .014 .010 017 .010 .019
Relative s_pectrum Ef_l‘imem:y for 200 o o om0 o002 000
Different Action Spectra 79 0 o1 o0z o o o008

Spectral data for standard fluorescent lamps are
quite uniform among various manufacturers.® Ta-
bles I and II provide spectral characteristics for illu-

55000K

* Representing natural sun plus sky radiation at a correlated
color témperature of .
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Table ll—Spectral Quantum Density Distribution
of Light Sources Used in Prevention and
Therapy of Hyperbilirubinemia.

(Quanta per second per square centimeter per footcandle).
(Multiply all values by 10™)

Wavelength CIE Cool CIE D-5500°K
_(m.)__ D-5500°%*  yhite Daylight Blue Blue-White CRI 91
770 402 015 014 .008 .010 .052
760 L300 .016 015 .008 012 066
750 407 .019 019 013 015 082
740 470 .02 020 013 07 102
730 .43 024 021 018 .019 25
720 382 .028 027 015 .0za 153
710 855 035 033 .07 .030 185
700 433 041 080 018 032 218
69 415 058 051 .03 084 .258
680 .463 .07 062 .030 048 .292
670 475 091 082 .03 059 .32
660 450 20 05 042 070 359
650 .43 162 a3 050 084 389
640 447 214 A76 068 .02 an
630 a3 .27 228 .07 a2 428
620 402 .358 287 .09 146 .43
610 433 .a43 .33 108 an 428
600 428 523 423 A% 208 .8
590 .407 587 470 160 .243 404
580 .28 07 .61 .47 .an 495
570 418 598 506 .268 34 375
360 423 497 452 286 .363 .369
550 .428 .539 553 .656 598 511
540 416 .39 50 612 574 .520
530 a7 .23 316 478 .499 .389
520 .393 .204 31 L5588 .534 319
510 .388 192 316 .643 577 7
500 .38 .19 3% 746 589 .32
a0 ) 197 M2 833 615 309
s 372 197 2 925 .609 .300
) 354 191 3R .99 .593 281
460 .349 am .35 1.050 580 .260
450 .333 RE 278 1.060 480 .233
7o) 284 356 481 1.5M 706 47
a0 .o 269 378 1.362 540 409
420 .227 .093 69 .953 242 a3
20 .212 38 201 L840 273 192
00 RN a2 159 .838 205 161
390 13 ~044 059 512 072 061
380 094 024 .032 357 038 048
370 .096 017 024 .24 .048 092
360 .083 on 013 13 .03 .03
350 .07 002 003 .07 002 .069
30 062 L0004 001 .02 002 053
330 .052 .00t 001 .om .001 .028
320 .027 .009 006 .010 .006 006
310 .005 .023 06 027 015 029
300 0 .006 .001 0 .0004 0004
290 o 001 0004 o 0 0004

* Representing natural sun plus sky radiation at a correlated
color temperature of 5500°K.
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minants, including natural light used in bilirubin
phototherapy to date. Data are expressed in micro-
walts per square centimeter per 10 nanometers per
footcandle (10.76 lux) in Table I, and quanta per
second per square centimeter per 10 nanometers per
footcandle in Table II. Mercury lines are included in
the 10 nanometer band in which they fall, or where
borderline they are divided equally between adjacent
bands. These data thus allow interconversion at any
wavelength between footcandles, irradiance and quan-
tum density. For total spectrum conversion, Table III
conveniently lists the factors for converting measured
footcandles to irradiance and quantum density for
each of the sources.

By weighting the spectra of Table I (normalized to
equal irradiance and not irradiance per footcandle)
by the curves of Fig. 1, the relative effectiveness of
the various spectra in producing “light,” or the theo-
retical relative effectiveness in photodegrading bili-
rubin can be computed, and the results of such com-
putations are shown in Table IV. It is apparent from
this table that the illuminating engineer would be
tempted to select cool white fluorescent lamps from
the lamp group to maximize lumen output, while the
phototherapist would be tempted to choose blue lamps
to maximize bilirubin destruction. But there are other
factors which should be considered before a final se-
lection in either case is made.

Other Considerations

By using the action spectrum for producing the
sensation of brightness (Fig. 1) as the sole criterion
for illuminant selection, the engineer makes a grave
error since this would ultimately lead him to use illu-
minants richest in green radiation. The green 40T12
fluorescent lamp, for example, produces 4300 lumens
compared to 3110 lumens for the cool white lamp.%
The reason the engineer rejects the green lamp is
obvious—color. This simply means, however, that he
first rejects the fundamental action spectrum pro-
posed as the criterion for lamp spectral design in fa-
vor of other considerations; in this case, the lamp color
and color rendering index.5” A similar (even identi-
cal regarding color discrimination!) argument can be
made against the use of blue lamps in the prevention
and phototherapy of hyperbilirubinemia provided, of
course, that any alternative selection performs ade-
quately in photodegrading bilirubin. The importance
of color and color discrimination for general nursery
illumination!12 and for prevention of hyperbilirubin-
emial3- 133 is obvious, but it is considered equally
important by others even for localized phototherapy
units3%-32 In view of this, a sensible compromise
would seem to be to use a wider spectrum source of
high color rendering index with substantial output in

Prevention and Phototherapy of Hyperbilirubinemia 243



Table 1ll—Conversion Factors for Light Source Spectra: Footcandles/Irradiance and Quantum Density.
(For A = 290-770 nm)

I Multiply | CIE D-5500°K i Blue : Light Blue CIE D-5500°K
H ! Cool White 1  Daylight |
| footcandles of} : (sun + sky) i {Calcium Tungstate) i {Magnesium Tungstate) CRI 91
o — Lo S ST ISR
' | H
i To opbtain i By !
z RS !
Irradiance in X I R
5.38 3.20 3.63 7.44 4.35 4.41
wwatts/cm? ! '
o e s . PRI S P ._,“_,_”__.._ﬁ:
Quantum Density ' P
' :
in | 15.37 x 1022 8.71 x 1012 | 9.57 x 1012 § 17.39 x 1012 10.93 x 1012 {1205 x 1012}
Quanta/sec.cm® | i !

Table IV—Relative Thearetical Effectiveness of
Various Light Source Spectra for Photo-
degrading Serum Bilirubin in a Test
Tube and for Producing the
Sensation of Brightness.

Relative Theoretical Effectiveness Based on Equal

Total Irradiances between 290 nm. and 770 nm.

*Photodegradation of Production of Sensation

Spectrum Serum Bilirubin In Visrc of Brightness
CIE 9-5500°K {sun + sky) 100 100
Fluorescent Lamps:
Cool White 121 168
Daylight 152 148
Blue {calcium tungstate) 244 72
Light Blue {magnesium tungstate 179 124
CIE D-5500°K {CRI 91} 120 122
Honochromatic Violet (A = 440 nm.} 400 7.9
Special Narrow-band Blue** 380 10.9

* Assuming Fig. 4 of Cremer'® is based on equal irradiance
dosages as opposed to equal quantum dosages.

** Values estimated from reference 40 which roughly com-
pares this lamp with standard blue and other colors.

the blue range. There are, however, still more com-
pelling considerations.

Biologic Effects of Light

Photochemistry of Serum Bilirubin

Photodegradation (whether photodissociation, pho-
tooxidation, etc.) of bilirubin is just one of many
known effects of light upon mammals, including hu-
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mans. Even in the case of the effect of light on bili-
rubin, however, the picture has been greatly over-
simplified thus far in the present report. For example,
Cremer'® and Broughton*! postulate that the great
variation in response to light therapy between indi-
viduals may be due to the absence or presence in
varying amounts of different substances which can
affect bilirubin through photodynamic action—spe-
cific mention being made of riboflavin. Such sub-
stances, if present, could change the action spectrum
for bilirubin photodegradation and could conceivably
account for the conflicting statements about the effec-
tiveness of near-ultraviolet radiation (around 365 nm)
in degrading bilirubin. Sisson,%® Ostrow® and Lu-
ceyl? state it is effective while Ballabriga® reports
the opposite. ’

The absorbance spectrum of icteric serum is known
to progressively shift from the broad peak around
460 nm to a peak at 410-415 nm with increasing
light dosage.1® 38 48,51, 52 Additionally, new peaks
occur in the near-ultraviolet and in the red end of
the spectrum. What is the effect of simultaneous light
irradiation into these bands? Blondheim*® as well as
Ansaldi®? associate a 415 nm peak with free bilirubin
(or other pigment associated however with kernic-
terus) and a 460 nm peak with bilirubin bound to
albumin (and therefore unable to cross the blood-
brain barrier). However, Ostrow®® attributes the 415
nm peak to an artifactual composite. Is it important
that the illuminant used in phototherapy have ra-
diation at 410 nm as well as 460 nm?; also at 365
nm (or 350 nm) and 660 nm? The latter peaks are
found after continued light exposure or serum bili-
rubin. The answers to these and many other questions
specifically involving photoeffects on jaundiced serum
may be a long way off.

ILLUMINATING ENGINEERING



Table V—Some Particulars of Various Studies on the Phototherapy of Hyperbilirubinemia.

STUDY LIGHTING PROTOCOL
(CLINICAL) IRRADIANCE PHOTOPERIOD
Hrs. per da
Infants No. Distance P90-770nmj 290-380nmf Total] Periodicit

Ref.| Treated Source ’,amps L&flector cm.) JFt.cd. | nw/cm? ! W/ET On
19 13 Sun]ighta - - - 5000* 27 1260 2.5b .3 .3 67 3.2 12
19 7 20w. Blue-White 8 Stairllless 75" 240* 1.0 18 18 6 2 19 .3 8
gl g (mereedg | el oo o | ] g | e [kt b

reported
24 28 20w. Blue® 10 - 40 - - - 18 6 2 - - -
25 55 1 ? Blue 8 |Metal 40 - - - 24 | Continuous - - -
26 38 20w, Blue 10 Nhl:te 35 (23d) (0.2) (9) 24 Continuous (4) (.2) (2)
28 15 40w. ? 5 f\?:nr:lfi:num 40 " - - 6 Alt. Days - - -
29 1 40w. Blue-Whitd 8 [Stainless 75" 300* 1.3 22 18 6 2 24 4 1
Steel
30 10 20w. Daylight®| 9 {Aluminum 50 214 0.8 10 18 6 2 14 .2 5
3 14 40w. Blue 8 - 100 150* 1.1 58 18 6 2 20 1.0 12
32 14 40w. Daylight9| 8 |Aluminum 40 (zadof (8) (108) 24 | Continuous | (200) (2.6) (76)
3l 76 20w. Daylight 8 [(JPolished 0™ 300" 1. 14 24 Continuous 26 .3 10
Aluminum

35 1" aow. Blue 8 - 100 150 1.1 58 18 | 6 2| 2 1.0 12
36 53 20w. Daylight | 10 i - 5001 2. (24) 24 Continuous 44 (.6) 17
37 50 20w. Daylight | 10 J - 5007 2, (24) 24 Continuous 44 (.6) 17
381 183 40w. Blue 8 - 80 1301 1.0 50 18 6 2t 18 .9 n
39 28 40w. Blue i 40 18 6 2
40 37 20w . Blue 10 J - 300 2.2 (115) 24 Continuous 50 (2.8) 31
43 23 20w. Daylight } 10 ~ - 450 1.6 21 24 Continuous 39 .5 15
46 1h 20w. Daylight § 1 J 60 5007 1.8 (24) 24 Continuous 44 (.6) 17
47 ]L‘MM. Blue ] 81 45 350 2.6 134 24 Continuous 66 3.2 38

= rats) ~T|20W. Blue " - S [ Atuminum} 75 90 7 35 8 8 16 5.4 .3 3.3
59 1 (rats) 20w. Daylight 6 | Aluminum 75 220 .8 10 8 8 16 6.4 1 2.4
59 | (rats)  [|20w. D-5500 8 | Ename1d 75 150 .7 (35) 8 8 16] 5.3 (-3) 1.8

NOTES: *Assumed or estimated from best available data. **No correction for reflector material.

Assume CIE D-5500°K (footcandle level is believed estimated low).

15-20 minute exposure followed by equal dark period.

States emission between 420-480 nm.

. Apparent error. ( ) indicates highly doubtful values. .

. Differs from standard daylight in having better color rendering and therefore lower lumens per watt. Irradiance and dosage
ased on standard light.

. Reports 2300 lumens; assume footcandles (this appears an order of magnitude too high, however).

Apparently same lamp spectrum as reference 30.

Crigler-Najjar Syndrome.

6.2 cm. apart but number not given.

UV absorbing plastic filter of unspecified wavelength cut-off between lamps and infants.

. Weighted for relative theoretical effectiveness in photodissociating serum bilirubin [)\440am. = 100 (cf. Table V)]
m. General nursery illumination.
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A survey of the literature shows variable results
regarding in vivo and in vitro studies of the per cent
reduction of bilirubin in jaundiced serum. Differences
may be attributable to total irradiation dosage (in-
tensity X time) and spectral characteristics of the
illuminants used, in addition to many other factors,
some of which have already been mentioned. Some
of the essential features of the various studies are
shown in Table V, in which an attempt was made to
reduce the light protocol used to at least equivalent
terminology through the use of data presented in
Table I. It is evident that treatments have varied
widely respecting actual dosage, theoretically effec-
tive dosage, spectral distribution, and presence or
absence of ultraviolet. Regarding the latter, it is note-
worthy that variations ranged from none, to dosages
which must have been almost erythemal (Cremer'®
placed naked infants in full sunshine for 20-minute
intervals for periods up to three hours in a single
day without any reported harmful effects!).

Can Light Be Harmful?

This is a serious consideration. Obviously, light or
any other radiation can be harmful to life when de-
livered in sufficiently high irradiances even for short
periods of time, e.g., witness radiant damage from
nuclear explosions or laser beams. Or where the ef-
fect is cumulative, lower irradiances for longer peri-
ods of time may be harmful as from X-radiation. As
everyone knows, sunlight can deliver painful burns
to the unwary and untanned!

But if the above were the extent of possible harm-
ful effects of light, the matter could be quickly
brought to an end regarding any danger from ex-
posure of thousands of infants (as the practice has
now become) to mere fractions (less than 1/10 or
1/20) of the light intensities enjoyed by everyone
stepping out-of-doors on a daily basis since man
arrived! (When comparing dosages, the fractions
may be larger depending on the hours of photo-
therapy administered per day.) The fact is that there
may be a matter of concern even at relatively low
levels of lighting.

Such is suggested by recent studies®3- 59 6977 op
both animals and people. The net thrust of these
studies leads toward a seemingly obvious conclusion:
light is a true environmental factor as much as or
even more than air, water or temperature! Attempts
to change it from the natural, either compositionally
or to drastically modify the portion delivered to a
living system, can logically be expected to have some
effect. What effects remain to be seen. Obviously, the
matter needs the concerted attention of the illuminat-
ing engineer, the lamp industry, the photobiologist,
and the medical profession.

246 Prevention and Phototherapy of Hyperbilirubinemia

Acknowledgment

The authors are especially grateful to Mrs. Camille
Jackson of the National Foundation for making available
manuscripts of papers which were in press at the writing
of this paper.

References

1. IES Lighting Handbook, 4th Edition, Illuminating Engi-
neering Society, New York, N.Y. 1966, p. 25-9.

2. Smith, K. C., Hanawalt, P. C., Molecular Photobiology,
Academic Press, New York, N. Y., 1969.

3. Song, P.-S., Metzler, D. C., ‘““Photochemical Degradation
of Flavins. IV. Studies of the Anerobic Photolysis of Ribo-
flavin,”” Photochemistry and Photobiology, Vol. 6, 1967, p. 691.
4. Feller, R. L., “Control of Deteriorating Effects of Light
Upon Museum Objects,”” Museum, Vol. 17, August 1964, p. 57.
5. Marcus, R. J., Kent, J. A., Schenck, G. O., ‘“Industrial
Photochemistry,” Industrial and Engineering Chemistry, Vol.
54, 1962, p. 20.

6. Lutz, G. A., “Photochemistry—A Growing Technology,’’
Battelle Technical Review, November 1966, p. 11.

7. Thomas, J. B., Primary Photoprocesses in Photobiology,
North-Holland Publishing Co., Amsterdam, 1965.

8. Vernon, P., Bottoms, J. R., ‘“Current Literature Survey
of Photosynthesis—XIX,” Photochemistry and Photobiology,
Vol. 10, 1969, p. 349.

9. Blunt, K., Cowan, R., Ultraviolet Light and Vitamin D
in Nutrition, The University of Chicago Press, Chicago, IIl-
nois, 1930.

10. Glese A. C., Photophystology Vol
Press, New York, N. Y.,

11. Reference 1, p. 12-9.

12. American Academy of Pediatrics, Standards and Recom-
mendations for Hospiltal Care of Newborn Infants, 1964, p.
21

1V, Academic

13. Giunta, F., Rath, J., “Effect of Environmental Illumina-

tion in Prevention of Hyperbilirubinemia of Prematurity,”’

Pediatrics, Vol. 44, August 1969, p. 162.

14, Lucey, J. F., “Nursery Illumination as a Factor in Neo-

natal Hyperbilirubinemia,’’ Pediatrics, Vol. 44, August 1969,
155

p. 3

15. Behrman, R. E., “Phototherapy and Hyperbilirubin-
emia,”” The Journal of Pediatrics, Vol. 74, 1969, p. 989.

16. Lucey, J. F., “Light on Jaundice,” New England Jour-
nal of Medicine, Vol. 280, May 8, 1969, p. 1075.

17. Lucey, J. F., *“The Bilirubin Controversy,” Hospital
Practice, Vol. 2, August 1967, p. 21.

18. McKay, J., “Current Status of Use of Exchange Trans-
fusion in Newborn Infants,”” Pediatrics, Vol. 33, 1964, p. 763.
19. Cremer, R. J., Perryman, P. W., Richards, D. H., “In-
fluence of Light on the Hyperbllimbinemia of Infants,”
Lancet, Vol. 1, May 24, 1958, p.

20. Behrman R. E., Hsia, D. Y Y “Summary of a Sym-
posium on Phototherapy for Hyperblllrubinemia," The Jour-
nal of Pediatrics, Vol. 75, October 1969, p. 718.

21. The National Foundation, New York, N. Y. “The Use of
Increased Light as Routine Prophylaxis for Hyperbilirubin-
emia of the Low Birthweight Infant,”” by S. S. Gellis; Bili-
rubin Metabolism in the Newborn, edited by D. Bergsma;
Birth Defects Original Article Series, Vol. 6, No. 2, June
1970. Williams & Wilkins Co., Baltimore, Maryland.

22. Mellone, O., ‘‘Tratamento da Hiperbilirrubinemia do
Recem-nascido por Foco de Luz Intensa,”” Revista Paulista
de Medicine (Sao Paulo), Vol 57, July 1960, p. 47.

23, Peluffo, E., Beltram, J. C., De Ibarreta, Y.; Giguens, W.,
Goldaracena, C., Lorenzo, J., Malinger, A., Vidal, P. V,,
“Luminoterapia en las Ictericias del Recien Nacido,’” . Archi-
vos de Pediatria del Uruguay, Vol. 3, 1962, p. 98.

24. Arocha de Pihfango, C. L., Inatty, E., Hernandez, A. C,
Salazar, A., ‘‘Contribucion al Tratamiento de las Ictericias
Neonatales por Medio de la Fototerapia,” Archivos Venezo-
lanos de Puericultura y Pediatria, Vol. 26, 1963, p. 153.

25. Berezin, A., Capozzi, A., “Estudo Comparative dos Re-
sultados do Tratamento da Hiperbilirrubinemia do Recem-
nascido com a Luz Fluorescente em Relacao com um Grupo
Controle sem Tratamento,’”” (Summary in English), Materni-
dade e Infancia (Sao Paulo), Vol. 22, October-December 1963,
p. 529.

26. Carvalho, A. A., “Estudo Sobre a Acao da Luz no Hyper-
bilirubinemia,’”’ Maternidade e Infancia (Sao Paulo), Vol. 23,
1963, p. 428.

27. Schneegans, E., Geisert, J., Heumann, G., *'Valeur de
L’irradiation meneuse de la Peau dans Lhyperblhrubm-
emie du Premature et du Nouveau-ne,” Archives Francaises
de Pediatrie (Paris), Vol. 21, October 13, 1963, p. 877

ILLUMINATING ENGINEERING

el



28, Mininni, G., Fabiano, M., Violante, N., ‘“La Fototerapia
Nell’ittero Dell’immaturo,’”’ Revista Clinica di Pediatria, Vol.
73, 1964, p. 297.

29. Broughton, P. M. G., Goulis, G., Lord, P. S., Rossiter,
E. J. R., Warren, C. B. M., “Effect of Blue Light on Hyper-
bilirubinemia,”” Archives of Disease in Childhood (L.ondon),
Vol. 40, 1965, p. 666.

10. Sandruceci, M. G., Ansaldi, N., Colombo, M. L., “Effetto
della Fototerapia Nell’ittero Neonatale Dell’immaturo. Nota
1. Ittero Fisiologico,”” Minerva Pediatrica (Torino), Vol. 17,
1965, p. 394.

31. Alison, F., Marie, L., “La Prevention de L’ictere Nu-
cleaire Chez le Premature,” La Semaine -des Hopitaux de
Paris, Annales de Pediairie, Vol. 42, 1966, p. 363.

32. Stambler, S., Filipescu, A., Pop, N., ‘“‘Consideratii Asu-
pra Tratamentului, Prin Fototerapie al Hiperbilirubinemiei
Neonatale. (Date Preliminare),” Pediatrie (Bucuresti), Vol.
15, May-June 1966, p. 273.

33. Rossier, A., Caldera, R., Daoud, Mme., Pizzo, P., ‘‘Ictere
et Prematurite. I. L'ictere Neonatal par Immaturite,”” An-
nales de Pediatrie (Paris), Vol. 42, February 2, 1966, p. 107.

34, Polleri, J. O., “La Fototerapia en las Hiperbilirrubin-
emias Neonatales,”” Archivos de Pediatria del Uruguay, Vol.
38, 1967, p. T7. (earlier works back to 1964 cited in this
reference.)

35. Béthenod, M., André, J.-P., Collombel, C., Cotte, J.,
Cotte, M. F., Mathieu, M., Nivelon, J. L., ‘“La Phototherapie
dans la Maladie de Crigler et Najjar. Interet et Limites,” La
Semaine des Hopitaux de Paris, Annales de Pediatrie, Vol.
43, December 2, 1967, p. 829.

36. Diamond, I.,, Lucey, J. F., Schmid, R., ‘‘Prevention of
Hyperbilirubinemia and Kernicterus by Exposure to Light.
Studies in Newborn Guinea Pigs and Premature Infants,”
Transactions of the American Neurological Association, Vol.
93, 1968, p. 70.

37. Lucey, J. F., Ferreiro, M., Hewitt, J., ‘“Prevention of
Hyperbilirubinemia of Prematurity by Phototherapy,” Pe-
diatrics, Vol. 41, June 1968, p. 1047.

38. Colin, J., Alison, F., Narbouton, R., Peupion, J., Pizzo,
P., “Lumiere Bleue et Ictere du Premature,”” La Senmine
des Hopitaux de Paris, Annales de Pediatrie, Vol. 45, 1969,
p. 2271.

39. Porto, S. O., Goodman, H., Pildes, R. S., ‘“‘Studies on the
Effect of Phototherapy on Neonatal Hyperbilirubinemia
Among Low-birth-weight Infants. I. Skin Color,” Journal of
Pediatrics, Vol. 75, December 1969, p. 1045.

40. Sisson, T. R. C., Berger, D., Bunyaviroch, E., Kendall,
N., Knutson, S., “Photobiologic Aspects of Hyperbilirubin-
emia,”” Pediatric Research, (Basel), Vol. 3, 1969, p. 380.

41. The National Foundation, New York, N. Y. ‘‘The Effec-
tiveness and Safety of Phototherapy,”” by P. M. C. Brough-
ton, M. C. Path; Bilirubin Metabolism in the Newborn,
edited by D. Bergsma; Birth Defects Original Article Series.
Vol. 6, No. 2, June 1970. William & Wilkins Co., Baltimore,
Maryland.

42, Ibid. “Phototherapy of Jaundice,”” by J. F. Lucey.

43. Ibid. ‘‘Effect of Phototherapy on Subsequent Growth and
Development of the Premature Infant,”” by J. E. Hodgman,
A. Teberg.

44. Ibid. *“In Vitro and In Vivo Studies on the Effect of
Phototherapy Upon Bilirubin,” by S. O. Porto.

45. Callahan, E. W., Bauer, K., Karon, M., Schmid, R.,
Thaler, M. M., ‘“‘Phototherapy in Congenital Non-hemolytic
Jaundice: Kinetics of Bilirubin Metabolism and Disposition
of Labeled Degradation Products,”’ Gastroenterology, Vol. 58,
February 1970, p. 305.

46. Karon, M., Imach, D., Schwartz, A., “Effective Photo-
therapy in Congenital Non-obstructive, Nonhemolytic Jaun-
dice,”” New England Journal of Medicine, Vol. 282, February
12, 1970, p. 377.

47. Gorodischer, R., Krasner, J., Levy, G., Yaffe, S. J., “Con-
genital Non-obstructive, Nonhemolytic Jaundice. Effect of
Phototherapy,” New England Journal of Medicine, Vol. 282,
February 12, 1970, p. 375.

48. Blondheim, S. H., Lathrop, D., Zabriskie, J., ‘‘Effect of
Light on the Absorption Spectrum of Jaundiced Serum,”
Journal of Laboratory and Clinical Medicine (St. Louis),
Vol 60, July 1962, p. 31.

49. Blondheim, S. H., Kaufmann, N. A., “The Effect of
Light on the Direct Diazo Reaction of Unconjugated Bili-
rubin,” Journal of Laboratory and Clinical Medicine (St.
Louis), Vol. 65, April 1965, p. 659.

50. Ballabriga, A., Escriu, J. M., Masclans, R., “Accion de
la Luz en la Hiperbilirrubinemia Neonatal. Estudio Experi-
mental,”” Revista Espanola de Pediatria, Vol. 21, 1965, p. 23.
51. Ostrow, J. D., “Photo-Oxidative Derivatives of [*C] Bili-
rubin and Their Excretion by the Gunn Rat,”’ International
Symposium on Bilirubin Metabolism, Blackwell Scientific,
London, 1967, p. 117.

52. Ansaldi, N., De Sanctis, C., Fiandino, G., ‘“Modificazioni
Ematologiche in Rapporto alle Caratteristiche Chimico-fisiche
della Bilirubina Serica in Corso di Fototerapia nelle Iper-
bilirubinemie del Neonato,”” Minerva Pediatrica (Torino),
Vol. 20, 1968, p. 1184.

53. Diamond, I, Schmid, R., ‘‘Neonatal Hyperbilirubinemia
and Kernicterus. Experimental Support for Treatment by

APRIL 1971

Exposure to Visible Light,”’ Archives of Neurology (Chicago),
Vol. 18, June 1968), p. 699.

54. Porto, S. O., Goodman, H., Pildes, R. S., ““Studies on the
Effect of Phototherapy on Neonatal Hyperbilirubinemia
Among Low-birth-weight Infants. II. Protein Binding Ca-
pacligg’ The Journal of Pediatrics, Vol. 75, December 1969,
p. .

55. Ostrow, J. D., Branham, R. V., ‘“Photodecomposition of
Bilirubin and Biliverdin in Vitro,"” Gastroenterology, Vol. 58,
January 1970, p. 15.

56. The National Foundation, New York, N. Y. *‘Dye-Sensi-
tized Photooxidation of Albumin Associated with a Decreased
Capacity for Protein-Binding of Bilirubin,”” by G. B. Odell,
R. S. Brown, N. A. Holtzman; Bilirubin Metabolism in the
Newborn, edited by D. Bergsma; Birth Defects Original Arti-
cle Series, Vol. 6, No. 2, June 1970, Williams & Wilkins Co.,
Baltimore, Maryland.

57. Ibid. ‘‘Photodecay of Bilirubin In Vitro and in the Jaun-
diced (Gunn) Rat,” by J. D. Ostrow, R. V. Branham.

58. Ibid. ‘‘Factors Influencing the Effectiveness of Photo-
therapy in Neonatal Hyperbilirubinemia,”” by T. R. C. Sis-
son, N. Kendall, R. E. Davies, D. Berger.

59. Ibid. ‘“The Effect of Blue Light on Infant Gunn Rats,”
by L. Ballowitz, R. Heller, J. Natzschka, M. Ott.

60. Ibid. ‘“‘Light Treatment in Infant Gunn Rats,”” by L.
Johnson, H. S. Schutla.

61. Ibid. ‘‘Toxic Effects of Bilirubin and Its Photodecompo-
sition Products,”” by M. M. Thaler.

62. Ibid. ““‘Studies on the Neurotoxicity of Bilirubin and the
Distribution of its Derivatives,”” by I. F. Diamond.

63. IES Lighting Handbook, 4th Edition, p. 3-5.

64. Reference 2, page 5.

65. Thorington, L., Parascandola, L., Schiazzano, G., ‘‘Spec-
tral Design of the 40-Watt Fluorescent Lamp,”’ ILLUMINATING
ENGINEERING, Vol. 61, May 1966, p. 381.

66. Reference 1, page 8-74.

67. Thorington, L., Parascandola, L., Schiazzano, G., ‘‘Chro-
maticity and Color Rendition of Light Sources From Funda-
mental Spectroradiometry,” ILLUMINATING ENGINEERING, Vol.
60, April 1965, p. 227.

68. Reference 51 (Discussion, page 126).

69. Wurtman, R. J., “Environmental Lighting and Neuro-
endocrine Function: Relationship Between Spectrum of Light
Source and Gonadal Growth,” Endocrinology, Vol. 85, De-
cember 1969, p. 1218.

70. Neer, R. M., Davis, T. R. A., Walcott, S., Koski, S.,
Schepis, P., Taylor, I, Thorington, L., Wurtman, R. J.,
‘““Calcium Absorption in Elderly Human Subjects: Stimula-
tion by Artificial Lighting Including Ultraviolet,”” Nature
(London), Vol. 229, Jan. 22, 1971.

71. Sisson, T. R. C., Glauser, S. C., Glauser, E. M., Tasman,
Wm., Kuwabara, T., ““Retinal Changes Produced by Photo-
therapy,” The Journal of Pediatrics, May 1970.

72. Feller, R. P., Sharon, I. M., Burney, S. W., “Some Ef-
fects of Light on the Golden Hamster,”” Paper presented at
the International Association for Dental Research, March 16,
1970, New York, N. Y.

73. Fiske, Virginia, as cited by Ballowitz,5 Reference 18.

74. Wurtman, R. J., Neer, R. M., “‘Good Light and Bad”—
Editorial, New England Journal of Medicine, Vol. 282, Feb-
ruary 12, 1970, p. 394.

75. Ishisu, T., “The Effects of Exposure to Light on the
Body. Part 1. Effects on the Body Under Light and Dark
Conditions,”” Mie Medical Journal, Vol. 11, 1962, p. 509.

76. Ishisu, T., ““The Effects of Exposure to Light on the
Body. Part 2. Effects of Exposure to Colored Light on the
Body,”” Mie Medical Journal, Vol. 11, 1965, p. 121.

77. Wurtman, R. J., ‘‘Biological Implications of Artificial
Illumination,”” ILLUMINATING ENGINEERING, Vol. 63, 1968, p.
523.

DISCUSSION

E. D. Bickrorp:* The authors have presented a valuable re-
view of past and current literature on the phototherapy of a
serious pathological condition in infants, hyperbilirubinemia.
They also have presented useful information on the spectral
energy and quantum emission from fluorescent lamps which

*Sylvania Electric Products Inc., Danvers, Mass.
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have been used in the phototherapy of this condition, and
have offered the means for using a footcandle meter to deter-
mine the energy and quanta from these lamps in limited
spectral regions.

As the authors have adequately pointed out, there are
many questions yet to be answered on the phototherapy of
bilirubin. Therefore, I will try to limit by comments and
questions to the content of the paper.

In the data presented in Table IV, the authors have evalu-
ated light sources based upon the work of Cremer (1958)
rather than on the more recent work of Ostrow (1970). Even
though the authors were critical of the data presented by
Cremer, they apparently felt that the work of Cremer was
mere valid, accurate, or credible than the work of Ostrow.
Is this an accurate assumption? If so, how and why was the
decision made to use one work over the other?

If the work and conclusion of Ostrow is valid and the
photodegradation of bilirubin is essentially independent of
wavelength between about 400 and 600 nm, then the rela-
tive effectiveness of fluorescent lamps in Table IV would be
quite different than as presented. In addition, it would re-
lieve, to a great extent, the dilemma and confusion of choos-
ing a lamp with an emission in the blue spectral region over
a lamp emitting throughout the visible region. Simple calcu-
lations from Table I and IT based upon Ostrow’s conclusion
shows that of the three white fluorescent lamps, the daylight
lamps would emit the greatest energy and number of quanta
in the 400 to 600 nm region followed by cool white and the
CIE D-5500°K CR191 lamps. The daylight lamp would also
emit more energy and quanta per lamp than the standard
blue fluorescent lamp, and in addition would serve as a rela-
tively good illuminant for monitoring skin color of a jaun-
diced infant. For color discrimination, the daylight lamp
would be the intercediate illuminant, i.e., better than cool
white but not as good as the CIE D-5500°K CR191 lamp.
Without some kind of study, it would be difficult to predict
the need, value or preference for an illuminant to best deter-
mine changes in skin color of a jaundiced infant, Perhaps
a simple optical device could be developed and utilized in
incubators to monitor skin color changes, thus utilizing the
most effective light source to alleviate the condition without
concern for its specific color rendering value. Obviously, the
light source chosen for phototherapy of hyperbilirubinemia
should be based upon clinical evidence which demonstrates
that it is the most effective therapeutic device for alleviating
the condition without producing harmful side effects. Con-
sideration of the light source as an illuminant should likely
be discounted in favor of such evidence. Although it was not
indicated in the table heading, it is assumed that the con-
version factors in Table III are for the same wavelength re-
gion as in Table I and I, i.e., 290 through 770 nm. If a dif-
ferent wavelength region were used, the conversion factors
could be very different from those presented.

In the interest of accuracy in measurement, there is some
caution to be observed in the utilization of the footcandle
meter and the conversion factors in Table I, II and ITI. The
information presented in these tables assumes that all foot-
candle meters are identical in watching the CIE luminosity
carve, and that there are no variations in the spectral energy
distribution in life or from manufacturing variations for all
the lamps listed. Such an assumption can lead to errors,
especially if exact energy levels are desired for a specific re-
search study. However, the use of these conversion factors
results in greatly increased accuracy over methods which
have been used and which compare light sources with widely
divergent spectral energy distributions on an equal foot-
candle level.
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Natural daylight has been considered by biologists for
many years as an important and potent environmental fac-
tor. (Perhaps engineers, including illuminating engineers,
have more recently become aware of this phenomenon.) Al-
though man and all other living organisms are completely
dependent upon it and it has prevailed throughout man’s
evolution, natural daylight should not be accepted with
apathy as a harmless source of light. The reasoning that, “be-
cause sunlight or daylight is natural light, its full energy
and spectral output are harmless and good for human be-
ings,” is scientifically and medically unfounded. For exam-
ple, there is such clinical evidence as the near and complete
loss of vision during last year’s eclipse, annual cases of eye
damage, and sunblindness, including those cases requiring
hospitalization from severe sunburn, sunstroke, skin tumors,
skin cancer, and skin allergies. Skin cancer is the most
frequent cancer of man, correlating directly with the amount
of sunlight exposure and attributed to the spectral region
from 290 to 320 nm.

In regard to the change in spectral composition, natural
daylight is phenomenal in this regard. For example, the color
temperature for daylight varies from about 3500°K to
45,000°K, and the spectral emission of daylight varies from
a peak emission at about 470 nm at noon to a peak emission
at about 670 nm near sunset.

If there are extra visual effects of spectral energy in the
visible region (380 to 760 nm), it seems that we must not
only learn what effects are associated with energy in specific
spectral regions applied independently and/or simultane-
ously, but also learn the effects of changes in energy and
wavelength. All of these variables would supply a consider-
able number of experimental possibilities.

J. W. SausviLLe:* It has been our pleasure to cooperate
with Dr. Sisson and his associates at Temple University (cf.
authors’ refs. 40, 58, 71) by supplying experimental lamps
with narrow spectral power distributions. These lamps have
been used to measure the effective action spectrum of the
photodegradation by bilirubin in vitro and in vive. From this
association and from other contacts in the field of photo-
therapy, we have reached several conclusions worthy of note
here.

First, the medical practitioner knows far too little about
the lamps he uses—their emissive qualities, their effective
lifetimes and the optimum conditions for their use. Secondly,
the phototherapist frequently does mot have instruments for
measuring the spectral quality or the output of lamps which
he uses. Thirdly, considering the dearth of knowledge on the
effect(s) of spectral quality and intensity of light on the
human system, the practitioner should apply phototherapy to
his patients on a strictly individual basis. If undesirable side
effects of phototherapeutically beneficial iliumination do in-
deed exist, such illumination should be used in the same
manner as any drug which has a finite probability of causing
undesirable side effects.

This latter consideration suggests rejection of the authors’
“sensible compromise” for the illuminant in localized photo-
therapy units, namely “a wider spectrum source of high color
rendering index with substantial output in the blue range.”

*Westinghouse Lamp Division, Bloomfleld, N. J.
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For, if an illuminant emitting blue radiation in a narrow
band peaking at 445 nm reduces dangerous bilirubin levels
in an infant to tolerable levels in one-half or one-third the
time which would be required using a broad spectral emit-
ter, the logical choice of illuminant is obvious..

With respect to potential side effects of the phototherapy
of hyperbilirubinemia, it is encouraging to learn that Dr.
Ballowitz in repeating her experiments (authors’ reference
59) with Gunn rats using refined control conditions, ob-
served no deleterious effects attributable to the photo-
therapy.*

SyLvesTER K. GurH:** The authors seem to have done their
homework. At least they have appended to their paper an im-
pressive list of references. However, it is evident that among
the cited literature there seems to be considerable diverg-
ence of result and opinion on many aspects of phototherapy
for treating hyperbilirubinemia in terms of energy level, ex-
posure time and spectral distribution.

This brings up a very important point: decisions on these,
and indeed on any aspect of phototherapy, must be made by
the medical profession. They are outside the province of
the illuminating engineer. We, therefore, must be very care-
ful that we do not make recommendations regarding photo-
therapy. We have no business making claims for beneficial
or harmful effects of radiant energy, except with respect to
those aspects on which there is complete medical unanimity.
But even there care must be exercised in what we say or
imply. Our function is to provide the tools—technical infor-
mation on sources, lighting techniques, measurements—for
the medical people who must make the final decisions and
recommendations.

All of this points up some problems in evaluating various
experimental results. As is indicated in the authors’ Table
V, spectral distribution and energy levels often are inade-
quately described. Not included in the table are results
obtained with 80 to 100 footcandles from incandescent lamps
which also have been found effective. With such great di-
vergences in dosages, how can one reach any definite con-
clusions regarding the most appropriate source to use?

I am in complete agreement with the authors’ final state-
ment that the matter needs the concerted attention of the
illuminating engineer, the lamp industry, the photobiologist
and the medical profession. Reeognizing the importance of
all photobiological effects, the IES has established an RQQ
Subcommittee to deal with this. By including representatives
from all the interested groups, this subcommittee will be in a
position to fulfill its basic charter: evaluate and interpret
data and other information on the biological effects of radi-
ant energy; advise the IES on matters pertaining to these
effects; and recommend projects which might be sponsored
(at least in part) by the IERL In addition, we will be pre-
pared to provide technical guidance on sources, measure-
ments and lighting techniques for the researchers.

*Private communication.
*+General Electric Co., Nela Park, Cleveland, Ohio.
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Luke TaoriNcTON, L. CunnincHAM, J. PARASCANDOLA:*
The authors thank Messrs. Bickford, Sausville, and Guth for
their commentaries and constructive questioning and will
reply to these in the order given.

Dr. Bickford questions the use of Cremer’s data over the
more recent Ostrow data on the spectral dependence of the
photodegradation of bilirubin. The answer lies in the fact that
Cremer worked with fcteric (jaundiced) serum while Ostrow
worked with artificial bilirubin solutions. Thus Cremer’s data
are closer to the in vive reaction than Ostrow’s, which is
purely experimental. Obviously, if and when we have accu-
rate data for the spectral dependence of the phototherapy
of jaundice, it will be possible to match the light source to
the action spectrum—if this is desirable. As has been pointed
out, it is not always desirable to do this; witness the visual
brightness function or the erythemic function. Matching the
first leads to green-yellow light for best illumination, and
matching the latter leads to unhealthy skin reddening with-
out real tanning. Surprisingly, both actien spectra have
fooled lamp companies into making lamps designed to maxi-
mize each response! The authors disagree with Dr. Bickford
regarding the best illuminant for discrimination on skin
color. There is little uncertainty that high color tempera-
ture (5000-7500°K) high color rendering sources are desir-
able since the color range is from blue (cyanosis) to yellow
(jaundice) and variations in red (anemia). Dr. Bickford is
right when he says “the light source chosen for phototherapy

. should be based upon clinical evidence.” The point is
that by the time such evidence is available at least one gen-
eration will have passed while in the meantime thousands of
infants will have been treated with a wide variety of sources
having possible unknown effects upon them. The authors feel
that the answer for this interim period is to use light which
simulates the natural phenomenon.

The same wavelength range was used for Tables I, IT and
IIT as surmised by Mr. Bickford, and will be so indicated
on the final copy. It is of course true that footcandle meters
themselves are quite variable as to spectral sensitivity and
care must be taken in using erroneous footcandle readings
and converting to irradiance and quantum density values—
these may be in great error depending on the source and
degree of mismatch between the spectral response of the
meter and the VA brightness function.

Just as Mr. Bickford cites blindness resulting from looking
into the sun, and hospitalization and possible skin tumors
and cancer from overexposure to the sun as pointing up cer-
tain dangers associated with natural light, so also can one
cite drowning and compressed air illness from too much
water or too much air. Certainly everything in nature is not
good; there are catastrophies and calamities on every hand.
However, there are certain environmental factors such as air,
water, light and temperature which are reoognized as neces-
sary to sustain life as we know it. These by definition are
good, and contrary to Mr. Bickford, natural light it not as
variable as he states. Tt is true that the setting sun may be
red, and the clear north sky blue, giving the wide range of
color temperature he cites, but the light falling on the
earth’s surface (global radiation) is surprisingly constant in
color temperature and ranges from a low of about 5500
kelvins to about 6800 kelvins.* It is this radiation which has
given birth to life, and sustains it. The individual compo-
nents of this light—the red to white sun, the gray to blue
sky—blend to give the relatively narrow range of global
radiation at the earth’s surface.

*Authors.
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The authors can readily agree with Mr. Sausville’s three
conclusions. However, it should be noted that the practi-
tioner (third conclusion) has little real photobiologic infor-
mation to guide him in applying phototherapy on a “strictly
individual basis.” What is he to do until such knowledge
becomes available? Again, the authors feel that light most
closely simulating the environmental natural light is the
logical choice. This light has been photodegrading bilirubin
in both infants and adults from the beginning of man. It
is a simple matter to adjust illumination levels to achieve
the required rate of bilirubin degradation. Regarding possi-
ble side effects caused by narrow band blue sources Mr.
Sausville notes additional experimental data from Dr. Ballo-
witz. To this must be added the report by Dr. Fiske® of
definite growth retardation in animals under blue light as
compared with red or white light sources.

Without question, as Dr. Guth points out, medical deci-
sions must be made by the medical profession. However, an
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uninformed medical profession cannot make correct deci-
sions and the purpose of the present paper is therefore to
inform. Unfortunately, about the only thing many of the
profession seem to have known about light is that it is meas-
ured in footcandles—indeed if measured at all. This is the
fault, in turn, of the illuminating engijneering profession
which has in the past prescribed footcandle levels without
regard to either color temperature or color rendering char-
acteristics of the light sources, leaving the impression that
only footcandles are important. This, of course, is wrong
and we now have the job of stressing the importance of all
wavelengths of photobiologic radiation which is present in
the natural spectrum and not just the yellow-green which
the footcandle meter unduly emphasizes.

1Gunter Wsyzecki personal communication.
T ERI-IES Photobiology Conference, March 30-31, 1970.

ILLUMINATING ENGINEERING



