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THE TRRADIATION EFFECT ON HUMAN SKIN
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Abstract. A compact light source has been developed. it con-
sists of a high-pressure mercury lamp, a shutter, and water-
cooled filters for sclected wavelength regions. A mixing de-
vice permits simultaneous irradiation from two lamps of
different wavelengths. The spectral distribution of the light
for seven filter combinations and the construction of a power
meter are also described. The application of the lamps to
clinical investigations is illustrated by determination of mi-
nimal erythemal and blister doses, as well as pigmentation,
for various groups of patients. The light intensities available
are high enough to make pain threshold measurements pos-
sible in the UV and visible regions.
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Interest in the reactions of skin to light has led to
the development of various types of irradiation and
test equipment. In 1921 Hausser & Vahle (6) used
spectrally isolated light in their studies of erythema
formation and pigmentation. Their apparatus was a
medium pressure mercury lamp in combination
with a quartz spectrograph. The interest in action
spectra led to the construction of high flux mono-
chromators for use with continuous light sources.
In 1959 Magnus et al. (11) built a water-prism
monochromator and used it in combination with a
xenon lamp. A description of a recently designed
apparatus and a review of similar instrumentation
has been given by MacKenzie & Frain-Bell (10).
Equipment containing a high pressure xenon lamp
and glass filters for isolating wavelength regions of
interest has been used by Wiskeman & Wulff (19)
and Turnbull et al. (18). Rottier used a Philips SP
500 W high pressure mercury arc lamp and inter-
ference filters to isolate the lincs at 366, 405, 436
and 546 nm (17) and a small quartz spectrograph
with an HPK 125 W mercury lamp for the UV-
part of the spcctrum (16). The main advantage of

mercury lamps is the high intensity at the linc wave-
lengths.

In this publication we describe a new type of
lamp-housing for the SP 500 W lamp with water-
cooled filters where the distance from the capillary
lamp to the irradiated area can be as small as 30
mm. This short distance makes it possible to obtain
high irradiances. An area as large as 3.8 cm? can be
irradiated with a uniform light intensity. Such a
size is advantageous for experiments with repcated
irradiations on thc samc spot. A discased skin is
not homogeneous and the effect of light treatment
may be ditficult to interpret if the test area is too
small. The maximum power available is 150 mW/
cm? or more depending on wavelength region se-
lected. For the testing of skin reactions, intensities
were chosen to give irradiation times ranging from
5 seconds to 5 minutes.

GENERAL DESCRIPTION

The lamp housing

For achieving high light intensity at moderate clectric input
power. it is most suitable to use a small lamp of high radi-
ance and irradiate the object at close quarters. The water-
cooled SP 500 W lamp is a convenient light source for such
purposes. The diamcter of the arc is 2 mm and the length is
12.5 mm.

The high light intensitics used in our work make it neces-
sary (o watcer-cool the filters used for isolation of the spectral
regions—they would otherwise crack within a few scconds.
The distance to the object is made small by incorporating
the filters into the lamp housing and using the cooling water
for the lamp to cool the filters on its return path. Frequent
switching on and off affects the stability and lifetime of the
lamps. Therefore a thin, rotating, cylindrical metal shutter
is mounted between the lamp and the filters. Thus, with lamp
and cooling water running continuously, the filters are only
exposed to light when the shutter is opened for irradiation.
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This reduces the deterioration of the filters considerably.
No optical clements other than the filters are used. The
intensity is varied by altering the distance between the lamp
and thc irradiated area with blackened brass tubes of dif-
ferent lengths. A photograph of the components of
the lamp housing is scen in Fig. 1a and a schematic
drawing from the side is scen in Fig. 1b. The dimensions of
the lamp housing are 4 © 4 © 10 cm. The cone of ligbt cmerg-
ing at the top filter (o) is 20 mm in diameter and half the apicatl
angle is approximately 17 degrees. In Fig. 1b the water-
flow in the lamp housing is indicated by the dashed line. The
water cnters at (A), flows through the crossbore (¢) in the
shutter () and is directed along the capillary arc (s) by a
quartz cover glass (r). The water emerges through the open-
ings (7) into the shutter (), passes through the opening of
the shutter and is directed along the filters by the holding
rings (j), (/) and (») to the exit (B). The ring (/) has a guiding
pin which ensures correct positioning of the rings in relation
1o the outlet. When the shutter is closed, the opening is be-
low the capillary arc (s) and the water reaches the filters and
the outlet by the groove on the outside of the shutter scen
at (w).
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Fig. la. Photograph of the lamp housing and
its parts, top view. (a) electric connector, (b)
lamp with reflector, (¢) guard ring. (d)shutter
with stem, (¢) main body, (f) C-ring, (g) hol-
low bolt. () shutter handle, (i) soft C-ring,
(., I, n) flow directing and filter holding rings.
(A, m, o) filters. (p) lid, (¢) cross-bore in the
shutter, (r) flow directing quartz cover glass,
(s) arc, (1) openings, (1) groove.

Lamps mounted for irradiation are scen in Fig. 2¢ and
b. The blackened brass tubes (a) are used to obtain a suit-
able intensity at irradiation. They arc thrcaded at one end
and are screwed into the lid. The inner diameter of the tube
is 22 mm. To obtain smaller areas, conical end-pieces are
placed on the end of the tube. The insides of the conical end-
picces are painted black and mcasurements with the power
meter have verified that the irradiance is the same as that
at the end of a cylindrical tube of the same height. The cones
have the advantage that small spots can easily be located for
irradiation. Opening diameters of 3. 7 and 10 mm have been
found suitable for non-repetitive light tests.

1t is convenicnt to have one lamp for cach wavelength,
as filter changes are thus eliminated and simultaneous irradia-
tion with different wavelengths can be performed. This is
done with the mixing-device shown in Fig. 3¢ and b. The
geometric design of the mixer involves the intersection of
two irradiation tubes. As the circular head of the power
meter cannot fit on the eclliptic opening of the mixer, the
mixer has two interchangeable top-pieces fastened with a
snap-lock. The top-picce (¢) is used for irradiation and top-
picce (d) for intensity mecasuremcnts. The intensity is meas-

Fig. 1b. Schematic drawing of the lamp hous-
ing. horizontal view. The flow of water is in-
dicated by the dashed line. For explanation
of symbols. sce Fig. 1a.
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Fig. 2a. Two lamps mounted for irradiation. («) irradiation
tube. (h) conical cnd-piece, (¢) shutter handle, (d) plastic
tubing for cooling-water, (¢) clectric cable.

ured perpendicular to one lamp at a time when the shutter
of the other is closed. The top-piece () can therefore be
turned 180 degrees. The readings are multiplied by 0.94.

which is the cosine for half the apical angle (20°) of the co-
nical cross section in Fig. 3«¢. The intensity can be varied
independently for the two wavelengths by using different
tube lengths.
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Fig. 3a. Schematic diagram of the light mixer. The lamps
with brass tubes (¢ and «’) fit into the lower part of the mixer
(h). The top piece (¢) is used at irradiations and is substituted
by the top piece (/) at power measurements. which arc made
perpcndicular to one lamp at a time.

The mounting
The 450 V a.c. operating voltage to the SP 500 W lamp is
supplied by a high reactance transformer, Philips 59300
BE;01, which can be run on a.c. mains from 105 V to 380
V. Six transformers with individual switches ar¢ mounted
on a carriage and a resettable meter for measuring lamp
operation hours is connected parallel to each transformer.

The cooling water passes through a ceramic filter and the
lamps connected in series. A flow-switch in the return path
supplies current to a self-holding circuit of a relay that con-
nects the mains to the transformers. Should the water flow
drop below the required 4 I/min, the flow-switch disconnects
the relay which can be restarted manually when flow is
normal again.

The lamps arc Mounted on stands as seen in Fig. 2a. The
arc must be operated in a horizontal position and is paralicl

Lig. 2b. Irradiation of a patient.
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to the tube on which the lamp is mounted. The plastic tub-
ings for the cooling water and the clectric cables also pass
through this tube. The lamp can be moved up and down on
the stand and can be rotated about the axis of the horizontal
tube. In this way, access 10 all parts of the patient’s body is
easily obtained.

Filrers and spectral distribution of the light

The spectrum of the SP 500 W mercury lamp is shown in Fig.
4. Isolation of the wavelength bands can be made with inter-
ference or glass filters. Until recently. interference fillers in
the 200-350 nm range had low transmission. 0.15-0.20, due
to the absorption by the diclectric coating. The bandwidth
at |9 of peak transmission was approximatcly 150 nm.
MNew  dielectrics have increased the transmission and de-
creased the bandwidth. Interference filters are manufactured
with the peak transmission within a few nm of the required
maximum, which can be in the region from 180 nm to infra-
red. Combinations of glass filters are limited by thec number
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Fig. 4. Spcctral distribution of the light from the SP 500 W
mercury lamp (relative intensity per nm).
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Fig. 3b. Photograph of the light mixer with
two lamps. For cexplanation of symbols, sce
Fig. 3a.

of long wavelength cut-off filters. but good combinations
for the isolation of the mercury lines can be sclected. After
prolonged irradiation with UV-light, glass and interference
filters change transmission characteristics and should be re-
placed.

The glass filters used for the isolation of the mercury

Table L. Filters for isolating the mercury lines

For some cut-off filters the short wavelength limit varies
within a mclt. Others are more constant but vary between
different melts. Therefore the wavelength for 0.50 transmis-
ston measurced aganst air is specified. Schou filters are used
unless otherwise specified

Combi-

nation Line (nm) Filters

A 313 WG 305(4 mm), T -.50a1307x 1 nm
UG Il (2 mm)
GG 19 (I mm)

B 334+ 365 WG 345 (2 mm), T=.50at 336+ Inm
UG 11 (2 mm)

| 334 UV-PIL interference filter with B as

prefilter

G 365 WG 360 (3 mm), 7+=.50 at 357" f nm
UG Il (1 mm)

D 405 GG 400 (1 mm), T=.50 at 394 '} nm
BG 38 (2 mm)
Corning 5970 (1.3 mm)

E 436 GG 435 (1 mm), T-.502a1430+2nm

BG 25 (2 mm)

546~ 577:9 OG 530(2 mm), 7 - .50 a1 526+ | nm

BG 18 (2 mm)
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Fig. 5. Transmission of the filter combinations used o iso-
late the bands from the mercury lamp.

lines are specified in Table I. The transmission for the vari-
ous combinations is shown in Fig. 5. Special carc has been
taken to minimize unwanted stray light on the short wave-
length side. The spectral distribution of the light that has
passcd through the filters is shown in Fig. 6. b and ¢. It
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Fig. 6a, b, ¢. ——, Spectral distribution of the light after

having passcd the filter combinations. The intensity per nm
is given in relative units, same for all combinations. The
distribution curves for A and 1 are enlarged five and ten
times respectively. ———. Integrated intensity, [IdA. as a
function of the wavelength starting from the short wave-
length side of the distribution curve.
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has been calculated by multiplying the transmission of the
filter combinations with the spectral distribution of the lamp.
The total intensity in relative units is obtaincd by integrat-
ing the spcctral distribution curve. Starting from the short
wavelength cend, integration with the trapezoid rule is car-
ried out and the area is plotted as a function of the wave-
length. This gives an estimate of the spectral purity on the
short wavelength side of the spectral distribution curve. Thus
for filter combination C, (Fig. 6a) the intensity of the light
of wavelengths shorter than 330 nm is 4 relative units and
for the light shorter than 365 nm, 2 x 10 relative units. thus,
their ratio is 2 x 10—%.

The filters in combination A have been selected so that the
short wavelength part of the natural ultraviolet radiation
from the sun is simulated. The ratio of the intensities at 290
and 310 nm is 4 ¥ 10-% which can be calculated from Fig. 6a.
From Bener's measurements of the ultraviolet sky radiation
in Davos (1), a ratio of 0.2 for the intensitics at 297.5 and
300 nm is calculated from a spectrum where the solar alti-
tude is 50°. The ratio for the A combination is 0. 5.

The maximum irradiance available for the different bands
is listed in Table Fl.

The power meler

The field of view for most commercial power meters is only
a few degrees. A correct reading would not be obtained if
used directly on our lamps where the angle of incidence
varies from 0 to 17 degrees for different rays. A sensing head
with quartz diffusers for this range has been constructed
and is seen in Fig. 7a and b. The light-sensitive element
is a schottky pin photodiode, PIN-10 UV from United
Detector Technology Inc., USA. The spectral response is
seen in Fig. 8 The intensity response to a given wavelength
is linear for intensities from 10-!! 10 10~ W,cm?. The upper
limit can be exceeded 200 times by the 546+ 577/9 nm band.
An attenuation of 1000 times was therefore provided by
introducing quartz diffusers and aperturcs (pinholes).

The pinholes were made in 1 mm brass plates and are con-
ical to permit the divergent light to pass. The diffusers are
2 mm quartz plates ground on both sides. The detector fits
on the irradiation tubes and when the conical end-picces
are used they are replaced by a cylindrical tube of the same
height for power measurements.

The pin diode is operated in thc photoconductive mode. A
stepdown transformer, a rectifier bridge, and a smoothing
capacitor supply a 22 V reverse bias voltage to the diode in
series with a 10 k{2 resistor and a Cambridge spot galvano-
meter. The resistance of the galvanometer coil is 450 {) and
full-scale deflection is obtained at 0.90A. After calibration,
the galvanometer scale is setl to read irradiance in mWjcm?
by switching in a shunt resistor for each wavelength band
across the 10 kQ resistor and the galvanometer. Using the
decade shunt of the galvanometer, full-scale deflection is
obtained for 10, 100, or 1 000 mW/cm?.

Calibration procedure

The power meter system was calibrated with the ferrioxalate
actinometer (5). Irradiation times in the order of 1 minute
were uscd to minimize errors in time caused by opening and
closing of the shutter. To obtain a well defined area and to
prevent excessive decomposition of the actinometer solu-
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Table Il. AMaximum irradiance on an area of 3.8 cm* with the differenr filter combinations

Filter combination A I B C D E F

Band maximum, nm 313 334 334+ 365 365 405 436 546+ 5717/9
Irradiance. m\,/cm? 150 10 350 300 200 450 900
Fraction of power meter

reading due to red light .13 .00 .076 .34 .084 061 013

tion, a 0.1 mm thick circular disc with a precision bored hole
{4.05 mm in diameter) in the centre was used. A 5 cm cy-
lindrical quartz cuvette containing 10 ml of ferrioxalate solu-
tion was placed vcrtically on the disc which was positioned
by a ring on the irradiation wbe. Before the actionometer
solution was irradiated, the intensity was monitored with
the power meter for 10 min. With new lamps, the intensity
was constant within +0.2%. The mean values of the inten-
sity and the dark current immediately before and after the
irradiation (1-10 min) were used in the calculations. Four
measurements at different intensities were normally made
for cach filter combination. The galvanomcter response as a
function of the irradiance. calculated from the change of
the ferrous ion concentration in the actinometer was linear.
The slope was used to calculate the shunt resistance that was
necessary to obtain the proper irradiance reading from the
galvanometer scale. When the wavelength shunts were instal-
led, the irradiance rcading from the galvanometer and the
actinometer were compared in a final test. The readings
agreed within +39 for all wavelengths. After one year of
operation, the meter rcadings wcre still within the tolerances
of the original calibration.

The sensitivity of the ferrioxalate actinometer decreases
rapidly at 550 nm. The intensity at the 546+ 577/0 nm band
was calculated from the attenuation at 405 and 436 nm and
the spectral responsc curve for the pin photodiode (Fig. 8).
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Filter- and lamp-ageing

The filter combinations have a second transmission band
starting at approximately 650 nm, as is seen from Fig. 5. The
continuum from the mercury lamp gives a small amount of
red and infrared light that is transmitted to 1.3 y«m; for longer
wavclengths the cooling watcer absorbs the infrared radiation.
The power meter responds not only to theisolated bandsin UV
and visible but also to the red and infrared radiation (Fig.
8 and Table I1). The ferrioxalate actinometer is insensitive
to red and infrared light. The calibration of the power meter
is such that only that fraction of the radiation which cor-
responds to the UV or visible part is considered. It is there-
forc important that the relative shape of the absorption curves
of the filters remain constant. This is checked with a cut-off
filter, Schott RG 610 (2 mm), that only transmits the red and
infrarcd light. As long as the ratio of the galvanometer read-
ings with and without this fillter are constant, the filter com-
bination can be used. Also, carcful clecaning at regular inter-
vals is necessary to remove deposits which, like a grey filter,
could otherwise reduce the transmission by a factor of 10 or
more.

The decrease in UV transmission of the filters caused by
prolonged cxposurc to UV-light (9) is minimized by the fact
that the shutter between the lamp and the filters is open only
during irradiations. After 15 hours of effective irradiation of

Fig. 7a. Photograph of the power meter. («)
sensing head. (b) holder for sensing head,
(¢) conical end-piece, (/) cylindrical tube with
the same height as the conical end-pieces, (¢)
switch to select shunt corresponding to
wavelength used, (f) galvanometer. (g) de-
cade shunt.



Fig. 7b. Schematic diagram of the power meter head. (I)
quartz window ground on the inside, (2) apertures, (3)
quartz diffusers ground on both sides, (4) adjustable mount-
ing to fix the entrance aperture in the same plane as the end
of an irradiation tube. (5) locking ring, (6) holder for inner
diffuser, (7) housing, (8) lid with C-ring for dust protection,
(9) pin diode.

patients, which corresponds to about a thousand irradia-
tions, slight changes in some filters could be seen when check-
ed in a spectrophotometer. The filters are thereforc replaced
after this interval.

The lifetime of the lamps varies considerably but is on
the average 50 hours. In the spectral regions used. we have
not noticed any other influence from the lamp darkening
than an overall decrease in intensity.

Spectral response vs. wavelength
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Fig. 8. Spectral response of the photodiode PIN-10 UV.

BIOLOGICAL EFFECTS

Determination of minimal erythemal dose (M ED)
and minimal blister dose (MBD)

The minimal erythemal dosc (MED) with the 313 nm band
(Filter A) was determined on the skin of the shoulder region
of the back, using conical end-pieces (0.7 cm diam.) with a
light intensity of 30-50 mW;cm?. The following doses were
given. dose (J/cm?)- intensity (Wjcm?)-time (s): 0.10, 0.15,
0.2, 0.3, 0.4. 0.6. 0.8, 1.0, 1.5 Jjcm? and sometimes also 2.0,
3.0, 4.0, 6.0. and 8-10 J/cm2 The irradiation times were
generally less than 50 seconds and the whole series could be
completed in about 5 minutes. The reactions were determined
after 6-8, 24, and 48 hours and rated as follows:

Irracliation with high intensity narrow-band lamps
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0= no erythema

1 = doubtful, hardly recognizable erythema
2= weak but definite erythema

3=marked erythema

4=marked erythema with minimal edema
5= marked erythema with marked edema
6~ bullous reaction

The minimal dose that gives a grade 2 reaction at 24
hours has been used as the MED instead of the more com-
monly used grade | at 8 hours. With the 313 nm band the
grade 2 erythema is more constant and easier to evaluate
than the grade | at 8 hours and, in addition, the MED
evaluated this way is usually the same at 8 and 24 hours, and
often even at 48-72 hours (7).

The minimal blister dose (MBD) can be determined with
light of the 313 nm band. The bullac (grade 6) normally
appeared after 24 to 48 hours.

Light of wavelengths longer than 320 nm (irradiation in-
tensities below the endurable pain threshold) does not nor-
mally producc blisters and only a few patients have late ery-
themal reactions. As a result, a larger tube diameter (2.2
c¢m) can be used to increase the accuracy of the rating with-
out any unpleasant effect for the patient.

Determination of recognizable-pain threshold

(RPT) and endurable-pain threshold (EPT)

The pain thresholds were determined by irradiation for up
to 5 minutes with different intensities and accomplished by
using tubes of various lengths. The minimal intensity giving
a prickly-pain sensation occurring after -2 minutes was
used as the RPT. The maximum intensity that the patient
can tolerate is the endurable-pain threshold.

Patients

During 1973-1974, 115 patients between the ages of 11 and
82 years were tested for MED on normal-appearing skin
areas (Table II). In some patients the RPT and EPT were
also determined. Most of the tests were carried out during
September to April, the period when there is little natural
UV-light in Uppsala (60° north). The patients have been
grouped into three categories:

1. Psoriasis (45 patients).

2. Polymorphic-light eruption—PLE (14 patients).

3. Other dermatoses (eczema, 20: vitiligo. 6; urticaria. S:
acne vulgaris, 5; various other dermatoses. 20).

RESULTS
The 313 nm band (Filter A)

Dose effect. The minimum doses giving erythema
(MED) in the 115 patients tested are shown in Table
III. The logarithmic means and standard deviations
for the groups are presented in Table 1V. The MED
of the 313 nm band is 0.2 to 1.5 Jjcm?* for most
patients but was lower in 4 light-sensitive patients.
The logarithmic mean MED was 0.50 J/cm?® for the
psoriasis group, 0.32 J/cm? for the polymorphic
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Table HI. Minimal erythemal dose with the 313 nm
band for 115 patients

Number of patients

MED

(Joulejem?) Psoriasis  PLE Other dermatoses
0.05 0 1 0
0.10 0 1 0
0.15 0 Q0 2
0.2 6 2 3
0.3 I 4 17
0.4 6 2 12
0.6 10 2 14
0.8 4 0 3
1.0 3 1 4
1.5 3 1 1
2.0 I 0 0
3.0 1 0 0
Totals 45 14 56

light-sensitive group, and 0.43 J/cm? for the other
dermatoses.

Irradiation with high doses of the 313 nm band
results in a blister reaction. When the MED is
normal or low, blistering appears at 10-20 x MED
but, when the MED is high, blistering appears even
with doses of 5-10 x MED (Table V). Six patients
(nos. 15-20) with signs of liver disease, which was
due to incrcased alcohol consumption in most
cases, appeared to have normal MEDs but the
blistering dose was only 3-7 x MED.

Size of irradiated area. The importance of the
size of the irradiated area for the MED was studied
in 10 patients. The erythema thresholds for dia-
meters of 0.4, 0.7, 1.0 and 2.2 cm were determined.
The MED was the same for the different diameters.

MED in various locations. Eleven patients were
tested to determine the erythema thresholds for the
arm, shoulder, and never-sun-exposed gluteal re-
gion. There was no great difference between the

Table V. Mean and standard dev'ation of eryvihema
threshold (Jjem?®) with the 313 nm band (Filter A) for
45 patients with psoriasis. 14 patients with polymor-
phous light eruption and 56 patients with other der-
matoses, with the assumption of a logarithmic dis-
tribution

Diagnosis -3y =25 —s X s 2s 3y

Psoriasis 070 .13 .26 .50 .97 1.89 3.68
PIEE! 024 .06 .14 .32 .77 1.84 4.40
Other dermatoses  .096 .16 .26 .43 .70 1.16 1.9
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MED of the shoulder and that of the gluteal region,
but that of the arm was usually higher (Table VI).

The 334 - 365 nm band (Filter B)

The intensity used with these wavelengths was 100
mW/cm?, which is below the RPT (150 mW/cm?).
In 80 patients, a skin area of 2.2 cm diam. (3.8 cm?)
was irradiated with 30 J/cm?, and an immediate pig-
mentation and slight redness could be noted in most
cases. These both fade after 1/2 to 1 hour. A slight
erythema reappears in 50% of the patients after 6
to 8 hours. This lasts for about a day and leaves a
weak pigmentation. Repeated daily irradiations on
the same spot for 2 to 3 weeks with 30 J/cm? result
in a very pronounced pigmentation with no or only
a slight erythema reaction.

The 365 nm band (Filter C)

The recognizable pain-threshold intensity was be-
tween 80 and 150 mW/cm? (irradiated area 2.2 cm
diam.). Pain that is slightly above the threshold
level is often felt for 1 to 2 minutes and then dis-
appears despite continued irradiation. The endurable-
pain threshold level (EPT) was determined in 16
paticnts and found to be 20 to 50 9% higher than their
RPT.

The maximal intensity with this filter is 300 mW/
cm? and, when 4 patients were tested with it, they
experienced an immcdiate, prickly and burning sen-
sation that could be endured for [0 to 20 seconds.
This dosc corresponds to 3-6 Jjem? and gave an
immediate erythema but there were no signs of re-
curring inflammation.

60 patients were irradiated with 30 Jjcm? (100 to
150 mW/cm?). In almost all cases, a slight im-
mediate erythema and pigmentation that disappear-
ed within I hour was noted, but after 24 hours there
were 4 patients, 2 of whom were diagnosed as PLE,
who had a pronounced erythema, and 10 patients
had a slight erythema. There was also a slight pig-
mentation noted after 24 hours in 10 patients, 2 of
whom also had a slight erythema. Daily irradiation
on the same spot with 30 J/cm® for 2 to 3 wecks will,
as a rule, give risc to a marked pigmentation but
not as strong as that seen in the same experiment
with the 334 + 365 nm band.

The 405 nm band (Filter D)

The RPT with this light is 100-140 mW/cm? When
the heat filter BG 38 is removed, the IR-radiation
becomes about four times more intense than the



Table V. MED, MBD and the relation between these
values in 20 patients

Patients 1-14 had no known liver disease. Patients 15-20
had acute liver intoxication

MED MBD
Pat. (J/cm?) (J/em?) Ratio MBD/MED
1 0.2 3.0 15
2 0.2 3.0 LS
3 0.2 4.0 20
4 0.3 6.0 20
S, 0.3 4.0 13
6 0.4 4.0 10
7 0.6 8.0 13
8 0.6 5.0 8
9 0.8 8.0 10
10 0.8 10.0 12
11 1.0 8.0 8
2 1.5 10.0 7
13 2.0 10.0 5
14 2.0 10.0 5
IS 0.3 1S 5
16 0.6 2.0 3
17 0.3 145 5
i8 0.3 2.0 6-7
19 0.4 2.0 5
20 0.3 2.0 6-7

UV radiation at the 405 nm band and the RPT is
80-120 mW/cm?, which can be assumed to bc
caused by the 405 nm band plus 300 to 450 mW/
cm?® of infrared radiation. With this heat filter re-
moved, blisters occur at intensities somewhat higher
than the RPT. Blisters did not occur even at high
intensities when using the BG 38 filter.

80 patients were tested with a dose of 30 J/cm?
(70-90 mW/cm®) on the dorsal shoulder, with the

Table VI. Comparison of the MEDs for different
areas of the body in 11 patients

MED J/cm?

Lower Upper back Lower back

Patient under arm  shoulder gluteal region
21 0.8 0.6 0.4
22 0.4 0.3 0.3
23 3.0 2.0 0.8
24 () 0.6 0.6
25 1.5 1.0 0.8
26 0.8 0.3 0.3
27 1.5 1.0 1.0
28 0.8 02 0.2
29 0.6 0.6 0.3
30 2.0 0 0.2
3t 0.8 0.4 0.3
Mean (log)  1.06 0.51 0.41
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BG 38 filter removed. Immediately after irradiation,
the skin was strongly erythematous and slightly pig-
mented. These reactions disappeared after a few
hours and no recurrence was seen at 24 hours.
Repeated irradiation on the same spot for 2 to 3
weeks did not resultl in any pigmentation.

DISCUSSION
The 313 nm band

The MED of the 313 nm band in this study does
not diffcr much from carlier reports (4. 10, 12, 14).
Magnus (12) gave a mean value of 0.4 J/cm?* for a
band centred at 310 nm, while Mackenzie & Frain-
Bell (10) reported 0.27 J/cm®. The slightly higher
value reported in this investigation may be duc to
spectral differences and/or a somewhat different
evaluation of the MED. The observed increased
scatter of the erythema threshold for the patients
with polymorphic-light eruption when compared
with the control group also verifies earlier observa-
tions (12).

The MED was the same for areas from 0.12 to
3.8 cm? Our rcsults support the earlier findings
that one must go down to extremely small field
dimensions before observing a change in the MED
(13).

With the 313 nm band, large doses of light will
cause blisters in the skin. The minimal blister dose
(MBD) seems to vary less between patients than does
the MED. It is interesting to note that, despite a
normal MED. the MBD was found to be lowered
in paticnts with liver discase. This finding necds
further study.

The 334, 365 nm and 405 nm bands

With light from these bands, high doses produce an
immediate erythema and pigmentation that disap-
pears within an hour. This is in agreement with ear-
lier results (3). The recurring erythema seen in
some patients with the 365 nm band must be as-
sociated with the longwave UV light since light be-
low 330 nm is less than 6 mJ/cm?® when the total
dose is 30 J/ecm?* (Fig. 6a). With the 313 nm band,
these patients had a MED of about 400 mJ/cm?. A
delayed erythema from light of the 365 nm band
has been described earlier when using a monochro-
mator (12). No mention was made, however, of the
amount of stray light shorter than 330 nm.

The recurrence of erythema with the 334 + 365
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nm band in half of the patients might be due to UV
light shorter than 320 nm. The light dose in thc 300
nm region was about 30 mJ/cm* when a total dose
of 30 J/cm?® was given (Fig. 7). It cannot be excluded
that this is sufficient to give a slight erythema. The
integrated spectral-distribution curves arc here of
great value when estimating the stray light in the
short UV region.

Hausser described a recurring erythema of human
skin 12 hours after irradiation with 385 nm, and the
skin became pigmented after 48 hours (8). A re-
curring erythema 10 to 18 hours after irradiation
with wavelengths of 360, 400, 440 and 460 nm has
previously been reported in hecalthy subjects by
Pathak ct al. (15). The doses used (45 J/cm?®) ex-
cecded ours and there was no account given of the
stray light in their monochromator. We were not
able to reproduce a late crythema in the 405 nm
region.

Late pigment stimulation was seen very clearly
with the 334 +~365 nm band and, in some cases, with
the 365 nm band. With repeated irradiation, we
were always able to stimulate late pigmentation with
the 365 nm band. We could never stimulate late pig-
mentation with the 405 nm band (30 J/cm?®) even
after repeated irradiations. Our findings strengthen
the observation made by Pathak et al. (15) that it
is possible to stimulate late pigmentation with long-
wave UV-light. In contrast to their findings, how-
ever, we were not able to stimulate pigmentation
with the 405 nm band. A possible explanation for
this difference might be the better short wavelength
cutoff propertics of our lamps.

With filters B, C and D no blister reaction occurs
with a total dose of 30 J/cm? at an intensity bclow
the EPT. The pain cvoked by light of different wave-
lengths must be caused by the amount of radiation
reaching the skin per unit of time. The [R-part of
the emission from the lamps with filters B, C and
D is only 8, 34 and 109, respectively of the total
emission (Table II). From the resuits gained with
the heat-filter BG 38 removed (page 269), it is evi-
dent that the addition of 300--450 mW;cm? of IR-
radiation only corresponds to a lowering of the RPT
by 20 mW/cm? at the 405 nm band. From this it
appears that the IR radiation is of much less im-
portance than the 405 nm band in causing pain,
although it is of greater importance in the formation
of blisters. This might be due to the IR radiation
alone or possibly to a combined UV-IR effect. Berger
(2) has given valuecs of 600-1 000 mW/cm? as the
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pain threshold for his solar simulator in the long-
wave UV. These values are higher than ours and,
together with our results, thcy may indicate an in-
teresting area-size dependence typical of pain sensa-
tion where the cooling of the skin by hecat conduc-
tion and convection of intercellular fluid may be im-
portant.
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