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Ahstrat·t. A compact light source has been developed. It con­
sists of a high-pressure mcrcury lamp, a shutter. and water­
cooled filters for sclccted wavelength regions. A mixing de­
vice permits simultaneous irradiation from two lamps of 
different wavelengths. The spccrral distribution of the light 
for seven filter rnmbinations and the construction of a power 
meter are also described. The application of the tamps to 
clinical itwestigations is illustrated by determination of mi­
nimal crythemal and blister doses, as well as pigmentation, 
for various groups of patients. The light intensities available 
are high enough 10 make pain threshold measurements pos­
sible in the UV and visible regions. 
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lnterest in the reactions of skin to light has led to 

the devclopment of various types of irradiation and 
test equipment. In 1921 Hausser & Vahle (6) used 

spectrally isolated light in their studies of erytherna 
formation and pigmentation. Their apparatus was a 

medium pressure mercury lamp in combination 

with a quarlz spectrograph. The interest in action 
spectra led to thc construction of high rlux mono­

chromators for use with continuous light sources. 

In 1959 Magnus et al. (11) built a water-prism 

rnonochromator 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). 

Equipmenl containing a high pressure xenon lamp 

and glass filters for isolaiing 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 lines at 366, 405, 436 
and 546 nrn (17) and a small quartz spectrograph 
with an HPK 125 W mercury lamp for the UV­

part of the spectrum (16). The rnain advantage of 

mercury larnps is the high intensity at the line wave­

lengths. 
ln this publication we describe a new type of 

lamp-housing for the SP 500 W lamp with water­

cooled rilters where the distance from the capillary 

lamp lo the irradiated area can be as small as 30 

mm. This short distance makes it possible to obtain

high irradiances. An area as !arge as 3.8 cm2 can be

irradiated with a uniform light intensity. Such a

size is advantageous for experiments with repeated

irradiations on thc same spot. A diseased skin is

not homogeneous and the effect of light treatment
may be difficult to interpret if lhe test area is too
small. The maximum power available is 150 mW /

cm• or more dcpending on wavelength region se­

lccted. For lhe testing of skin reactions, intensities

were chosen to give irradiation times ranging from

5 seconds to 5 minutes.

GENERAL DESCRIPTION 

The lamp /10usi11g 

For achieving high light intcnsity al moderate elcctric input 
power. il is most suitable 10 use a small lamp of high radi­
ance and irradiate the object at close quarters. The water­
cooled SP 500 W lamp is a convcnient lighl sourcc for such 
purposes. The diameter of the arc is 2 mm and the length is 
12.5 mm. 

The high light intensi1ies uscd in our work make it neces­
sary to water-cool the filters used for isolation of the spectral 
regions-they would otherwise crack within a few seconds. 
The distance to the object is made small by incorporating 
the filters into the lamp housing and using Lhe cooling water 
for the lamp to cool the filters on its return path. Frequent 
switching on and off affects 1he stability and lifetime of the 
lamps. Therefore a thin, rotating, cylindrical metal shuttcr 
is mountcd between the lamp and thc rilrers. 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 detcrioration of thc rilters considcrably.
No optical elements other than the filters are used. The 
intensity is varied by altcring the distance berneen the lamp
and thc irradiated area with blackencd brass tubcs of dif­
fercnt lengths. A photograph of Lhe componcnts of
the lamp housing is scen in Fig. I o and a schematic 
drawing from the side is seen in Fig. I b. The dimensions of 
the lamp housing are 4 4 JO cm. The cone of ligbt emerg­
ing at thc top filter (o) is 20 mm in diameter and half thc apical 
angle is approximately 17 degrees. In Fig. I b thc water­
flow in thc lamp housing is indicated by the dashed line. The 
water cntcrs at (A), flows Lhrough the crossbore (q) in the 
shutter (t/) and is directed along the capillary arc (.1) by a
quart1; cover glass (r). The water emerges through the open­
ings (t) into the shuller (tl), passes through 1hc opcning of
the shu11cr and is directcd along the filters by thc holding 
rings (j). (/) and (11) to the exit (8). The ring(/) has n guiding 
pin "hich ensures correct positioning of 1he rings in rela1ion 
10 the ou1le1. Whcn thc shutter is closed, the opening is be­
Jow thc capillary arc (,) and the watcr reaches thc filters and 
the outlct hy the groovc on lhe Olllsidc or the shuttcr seen 
at (u). 
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I 

b 
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Flg. In. Photograph of the lamp housing and 
its parts, top view. (a) electric connector, (b) 
lamp with reflector. (c) guard ring. (t/)shutter 
with stem, (e) main body, (/) C-ring, (g) hol­
low bolt. (I,) shullcr handlc, (i) soft O-ring,
(i, I. 11) flow direcling and filter holding rings. 
(/,., 111, o) filters. (p) lid, (q) cross-bore in the
shuuer, (r) flo" directing quart7 cover glas.s,
(s) arc, (1) openings. (u) groo,e.

Lumps mountcd for irradiation are seen in Fig. 2a and
b. The blackened brass tubcs (a) are used to obtain a suit­
ablc intensity at irradiation. They are thrcaded at one end 
and are screwed into the lid. The inner diameter of the tube
is 22 mm. To ob1ain smaller areas, conical end-pieces are 
placed on the end of 1he tubc. The insides of 1hc conical end• 
picccs are paintcd black and mcasurements with 1he powcr 
meter have vcrificd that the irradiance is the same as that
al the end of a cylindrical tube or the same hcight. The conc,
have the advantage that small spots can easily be locatcd for
irradiation. Opening diameters of 3, 7 and 10 mm have been 
found suitable for non-repetitive light tests. 

It is convenicnt lo have onc lamp for cach "avelength,
as filter changes are thus eliminatcd and simultaneous irradia­
tion with different wavelengths can be pcrformed. This is
done with the mixing.device shown in Fig. Ja und b. The 

gcometric design or the mixer involves thc intersection of 
t\\O irradiation tubes. As the circular head of the po"cr
meter cannot rit on the elliptic opening or the mixer, the
mixer has two interchangeable top-pieces fustened with n
snup-lock. The top-picce (cl is used for irradiation and top­
piecc (,/) for intcnsity measurcmcnts. The intcnsity is meas-

Fil(. I b. Schematic drawing of the lamp hous­
ing, horizomal , ic". The flo" or "ater is in­
dicated b) the dashed line. For explanation
of symbols, see Fig. I a. 
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Fig. 2a. Two lamps mounted lor irradiation. (a) irradiation 

mbe. (b) conical cnd-piece, (r) shuuer handle, (d) plastic 

lubing for cooling-water, (e) clcctric cable. 

ured perpendicular 10 one lamp at a lime "hcn 1he shuttcr 

of the othcr is closcd. The lop-piece (d) can lherefore be 

1urned 180 degrees. The readings are rnultiplicd by 0.94. 
"hich is 1he cosine for half 1hc apical angle (20 ) of 1he co• 

nical cross section in Fig. 3u. The intensity can be varicd 
indcpenden1ly for lhc 1wo wavelenglhs by using diffcrcnl 
I u be lengl h,. 
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Fig. Ja. Schcma1ic diagram of the lighl mixer. The lamps 

with brass tubes (a and a') fil inlo 1he lowcr part or the mixer 

(b). The 1op piece (c) is used al irradiations and is substilllted 
by the top piece (d) at power measurcrnents. which arc made 

pcrp::ndiculur to one lamp at a lime. 

TII<' mountiltg 

The 450 V a.c. operating vollage to 1hc SP 500 W lamp is 
supplicd by a high reactance transformer, Philips 59300 

BE/01, which can be run on a.c. mains from 105 V lo 380 

V. Six transformers with individual switchcs are mounted 

on a carriage and a resettable meter for measuring lamp 

operation hours is connected parallel 10 each transformer. 

The cooling water passcs through a ceramic filter and the 
lamps connected in series. A flow-switch in thc return path 

supplies current 10 a self-holding circuil of a rclay 1ha1 con­

nects the mains to lhe transformers. Should 1he water flow 

drop below the required 4 I/min, the flow-switch disconnccts 

1hc relay which can be restar1ed manually "hen flow is 

normal again. 
The tamps arc mounted on �wnds us 3ccn i1, Fig. 2n. The 

arc must be operated in a horiLontal position and is parnllcl 

Fig. lb. lrradiation of a patient. 
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10 1hc 1ube on "hich the lamp is mountcd. The plast,c tub­
ings for thc cooling water and thc clectric cablcs also pass 
through th,, tube. The lamp can be mo,cd up and do" n on 
the stand and can be rotated about the a�is of the hori1011tal 
tube. In thi, wa). acccs, to all parts of the patient's bod} is 
easily obtained. 

Filrcrs and specrral di.11,ibutio11 of 1/1t• lig/11 

The spec1rum of thc SP 500 W mercury lamp is shown in Fig. 
4. Isolation of the wavelcngth bands can hc madc "ith inter­
ference or glass f,llcrs. Un11l recently. interference filters in 
the 200-350 nm rnngc had low tran�mission. 0.15-0.20, duc 
to 1he absorption b� thc di�lecu-ic coating. The band\, 1d1h 
at I ''., of peak I ransmissio11 wa, appro,imatcly 150 nm. 

ew dielectrics ha"e increascd the transmission and de­
creased thc bandwidth. lnterfcrencc filters are manufactured 

Fig. Jb. l'hotograph of the light mixer with 
two lamps. For c,plana1ion of symhols, sec 
Fig. Ja. 

of long wavclength cu1-orr filters. bu1 good combina1ions 
for the isolation of the mercury lines can be selected. After 
prolongcd irradiation with UV-light. glass and interfercnce 
filters changc transmission characteristics and should be re­
placed. 

The glass filters used for the isolation of thc mercury 

Tablc J. Filrers for isola1i11g 1he mercury li11es 

For some cu1-off filters the short \\8Velength limit varies 
"i1hin a mcll. O1hcrs arc morc constant but vary betwcen 
diHcrenl melts. Thcreforc the \\a\'e(ength for 0.50 1ransmis­s1on mcasured agaInst air ,s specified. Scholl fillcrs are used 
unless 0Iherwisc specified 

C'ombi-
with the peak transmission "it hin a fe" nm of 1he required nation Line (nm) Fiilers 
maximum, which can be in thc region from 180 nm to infr:1- -----------------------
red. Combinations of glass filters arc limitcd b) thc number A 

Rel. lnlensity 
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Fig. 4. Spec1ral distribution or 1he ligh1 from the SP 500 W 
mercury lamp (relative inten�it) per nm). 
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313 WO 305 (4 mm), T .50 at 3071: I nm 
UO 11 (2 mm) 
GG 19 (I mm) 

334 + 365 WG 345 (2 mm). T .SO at 336:!. 1nm 
UG 11 (2 mm) 

334 UV-PIL interfcrencc filter \\ith Bas 
prefiher 

365 WG 360 (3 mm), T .50 at 35r i nm 
UG 11 (I mm) 

405 GG 400 (I mm), T .50 al 394 �nm
BO 38 (2 mm) 
Corning 5970 ( 1.3 mm) 

436 GG 435 (I mm), T .50 at 430± 2 nm 
BG 25 (2 mm) 

546 577 19 O G  530 (2 mm). T .50 at 526::: I nm 
BO 18 (2 mm) 
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Fig. 5. Transmission of 1he rilter combinations used to iso­late the bands from the mercury lamp. 
lines are specific-d in Table T. The lransmission for the vari­
ous combinations is shown in Fig. 5. Special care has been taken lo minimi7e unwanted stray light on the shon wavc­length side. The spcctral distrihution of thc light that has passed through the filters is sbown in Fig. 6a, b and c. It 
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Fig. 6a, b, c. --, Spectral distribution of thc light after having passcd the filter combinations. The iniensity per nm is given in relative units, same for all combinations. The distribution curves for A and I are enlarged five and ten 
times respectively. ---. lntegrated inteDsity, J°ld)., as a function of the wavelength starting from the short wave­length 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 integrat­ing the spcctral distribution curve . Starting from the short 
wavelength cnd, integration with the trapczoid rule is car­ried out and the area is ploned as a function of the wave­length. This gives an estimate of the spectral purity on the short wavelength side o[ the spectral distribution curve. Thus for filter combination C, (Fig. 6a) thc intensity of the light of wavelengtbs shorter than 330 nm is 4 relative units and for the light shorter than 365 nm, 2 x 10·1 relative units, thus, their ratio is 2 x 10-•. The filters in c-ombinalion A have been selected so that the short wavelength part o[ the natura! ultraviolet radiation from the sun is simulated. The ratio of the intensities al 290 and 310 nm is 4 x 10-3 which can be calculated from Fig. 6a.From Bener's measuremenls of the ultraviolet sky radiation in Davos (I), a ratio of 0.2 for the inlcnsitics at 297.5 and 300 nm is calculated from a spectrum whcrc thc solar alti­tude is 50°. The ratio for the A combination is 0.5. The maximum irradiance available for the different bands is listecl in Table Il. 
The poiver me/er 

The field of view for most commercial power meters is only a rew degrces. A correct reading would not be obtained if used directly on our lamps where the anglc of incidence varies from O to 17 degrccs for different rays. A sensing head with quart;;:: diffusers for this range has been constructed and is seen irt Fig. 7 a and b. The light-sensitive element is a schollky pin photodiode, PIN-JO UV from United Detector Technology lnc., USA. The spectral response is 
scc11 in Fig. 8. The intensity response to a given wavelength is linear for intensities from 10- 11 to I0-3 W/cm'. The upper limit can be exceeded 900 limes by the 546+ 577/9 nm band. An attenuation of I 000 times was therefore provided by introducing quartz diffuscrs and aperturcs (pinholes). The pinholes were made in I mm brass plates and are con­ical to permit the divergent light to pass. The diffusers are 2 mm quanz plaLcs gr-ountl on both sidcs. The dctcctor fil:s on the irradiation tubes and when the conical end-pieces are used they are replaced by a cylindrical tube of the same height for power measurements. The pin diode is operated in the photoconductive mode. A stepdown transformer, a rectificr bridge, and a smoothing capacitor supply a 22 V reversc bias voltage to thc diode in series with a 10 k!1 resistor and a Cambridge spot galvano­meter. The resistance of the galvanometer coil is 450 n and full-scale deflection is obtained at 0.90 ttA. After calibration, thc galvanometer scale is set to read irra<liance in mW/cm' by switching in a shunt resistor for each wavelength band across thc 10 kn resistor and the galvanometer. Using the decade shunt of the galvanometer, full-scale deflection is obtain.ed for 10, 100, or I 000 mW/cm'. 
Ca/ibration procedure 

The power meter system was calibrated with the ferrioxalate actinometer (5). I rradiation times in the order of I minute were uscd to minimize crrors in lime caused by opening and closing of the shuner. To obtain a wcll defined area and to prevent excessivc decomposition of the actinometer solu-
Acta Der111atove11er ( Stockholm) 55 
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Table 11. Maximum irradiance 011 an area of 3.8 cm• wirh rhe differellf filter combinations 

Fil1er combination A B 

Band maximum. nm 313 334 334 T 365 
lrradiance, mW/cm' 150 10 350 
Frac1ion of power meter 
reading due 10 red light .13 .00 .076 

tion, a 0.1 mm thick circular disc with a predsion bored holc 
(4.05 mm in diameter) in the cemre "as used. A 5 cm C)· 
lindrical quartz cu,cue containing JO ml or ferrioxnlate solu• 
1ion was placed vcrtically on the disc which was positioned 
by a ring on thc irradiation tubc. Before 1he ac1ionometcr 
solu1ion \\as irradia1ed, lhe in1ensil) "as moni1ored "ith 
thc po"cr meter for 10 min. Wi1h ncw lamps, the intensity 
was consrnnt withi11 ± 0.2 °0• The mean values or the intcn­
sily and 1he dark current immediately bdore and afler 1hc 

irradiation 0-10 min) \\ere used in thc calcula1ions. Four 

measurements at differem inlcnsities were normally madc 
ror each filter combination. The galva11ome1er responsc as a 
function of the irradiance. calcula1ed from the change or 
1he ferrous ion concen1ra1ion in 1he aclinomeler was linear. 
The slopc was used 10 calcula1c the shunl rcsislancc that was 
neccssary 10 obtain the proper irradiance reading from 1he 
galvanometer scalc. When the \\aveleng1h shunts wcre instal· 
led, the ,rradiance reading from 1he galvanometer and the 
actinometer wcre compared in a final test. The rcadings 
agreed wi1hin + 3 "• for all waveleng1hs. Af ter onc year or 
operation. the meter readings wcre still "i1hin 1he 1olerances 
of the original calibra1ion. 

The sensitivity or the fcrrioxalate aclinometer decreases 
rapidl} al 550 nm The inten<ity at the 546+ 517 9 nm band 

was calcula1ed from 1he allenuation at 405 and 436 nm and 
1he spec1ral respon,c curve for 1hc pin phorodiodc (Fig. 8). 

0----.....,, 
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365 405 436 546-'- 577/9 
300 200 450 900 

.34 .084 .061 .013 

Filter- and lamp-ageing 

The riher comb1na1ions hav() a second transmission band 
sianing at approximately 650 nm. as is see□ from Fig. 5. The 
continuum from the mercury lamp gives a small amoun1 of 
red and infrared ligh1 1hat is iransmiued 10 I .311m; for lon ger 
wavclcng1hs lhe cooling watcr absorbs 1he infrarcd radia1ion. 
The powcr meter rcsponds not only to lhe isolatcd bands in UV 

and visible but also 10 the red and infrared radia1ioa (Fig. 

8 and Table l l). The fcrrio1ala1e actinometer is insensil1\e 
to red and infrarcd light. The calibration of thc power meter 
is such 1ha1 only that fraction of 1he radiation which cor­
responds 10 the UV or visible part is considered. It is 1herc­
fore imponan1 that the relathe shape of 1he absorption curvcs 
of 1he fillers rcmain constant. This is chccked wi1h a cu1-orf 
fiher. Schou RG 610 (2 mm), that only 1ransmi1, thc red and 
infrarcd ligh1. A, long as 1he ratio of 1hc galvanometer read­
ings wi1h and wi1houL 1his fiher are cons1ant, 1he fiher com­
bina1ion can be used. Also, careful clcaning al rcgular in1er­
vals is necessary 10 remove deposits "hich, like a grey fil1er, 
could 01herwise rcducc thc 1ransmission b} a fac1or of 10 or 
more. 

The dccrease in UV transmission or the ril1ers caused by 
p.-olonsed cxpo:surc to UV light (9) h minimil'ecJ by lbe ract 
1ha1 1hc 5huuer bCl\\een the lamp and 1he rilters is open only 
during irradiations. After 15 hours of cfrec1ive irradia1io11 of 

f 

Fi!f. 7 a. Photograph or 1he po"er meter. (a) 

sensing head. (b) holder for ,cnsing hcacl, 
(c) conical cnd-piece, (d) cylindrical tube wi1h 
thc same height as 1hc conical end-pieces. (e)
S\\itch 10 �elcct shunt corresponding 10 
wnvclcng1h u�ed, (f) galvanometer, (g) dc-
cadc shunt. 
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0 - no erythema 
J = doubtful, hardly recognizable erythema 

4 2=weak but definite erythema 

3 3 = marked erythema 

2 4= marked erythema with minimal ederna 
�::::::==----til:1?"- 5 = marked erythema with marked ederna 

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

patients, which corresponds to about a thousand irradia­
tions, sligh1 changcs 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 011 
the average SO hours. In the spectral regions used, we have 
nol noticed any other influence from the lamp darkening 
than an overall decrease in intensity. 

Spectral response v s. wavelength 

0.30 A/W 

0.20 

0.10 

Qc__.-�-����-�-��--�-� 

200 400 600 800 1000 Alnm 

Fig. 8. Spectral response of the photodiodc PIN-JO UV . 

.BIOLOGICAL EFFECTS 

De1er111i11a1ion of minimal ery1hemal dose (MED) 

and minimal blis!er dose (MBD) 

The minimal crythemal 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/cm2) intensity (W /cm2)· lime (s): 0.10, 0.1 S, 

0.2, 0.3, 0.4. 0.6. 0.8. 1.0. 1.5 J/cm• and sometimes also 2.0, 
3.0, 4.0, 6.0. and 8-10 J1 cm'. The irradiation times were 
generally less chan 50 seconds and the wholc series could be 
completed in about 5 minutes. The reactions were determined 
aftcr 6-8, 24, and 48 hours and raced as follows: 

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 uscd grade I at 8 hours. With rhe 313 nm band thc 
grade 2 erythema is more constant and easier to evaluate 
than the grade I at 8 hours and, in addition, the MED 
evaluated chis way is usually the same at 8 and 24 hours, and 
oflen even at 48-72 hours (7). 

The minimal blister dose (MBD) can be determined wich 
lighl of the 313 nm band. The bullae (grade 6) normally 
appearcd a[ter 24 to 48 hours. 

Light of wavelengths longer than 320 nm (irradiation in­
tensities below the cndurable pain threshold) does not nor­
mally produce blistcrs and only a few patients have late ery­
themal reactions. As a result, a larger tube diameter (2.2 
cm) can be used to increase the accuracy of the rating wich­
out any unpleasant effect for the patient.

De1ermina1ion of recog11izab!e-pai11 rhresho/d 

(R PT) a11d e11d11rable-pai11 1hreshold (EPT) 

The pain lhresholds were determined by irradiation for up 
to 5 minutes with different intensities and accomplished by 
using 1Ubcs of various lengchs. The minimal intcnsity giving 
a prickly-pain sensation occurring after J-2 minutes was 
used as thc RPT. The maximum intensity that the patienl 
can tolerate is the endurahle-pain threshold. 

Pa1ie111s 

Du ring 1973-J 974, l J S patients between the ages of I J and 
82 years were tested for MED on normal-appearing skin 
areas (Table 111). In some patients the RPT and EPT were 
also determined. Most of the tests were carried out during 
September to April, the period whcn thcrc is little n.Qtui-al 

UV-light in Uppsala (60° norch/. The palienls have been 
grouped into three categories: 

I. Psoriasis (45 patients). 
2. Polymorphic-light eruption-PLE (14 patients). 
3. Othcr 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 g1vmg erythema 
(MED) in the 115 patients tested are shown in Table 
III. The togaritbmic means and standard deviations
for the groups are presented in Table IV. The MED
of the 3J 3 nm band is 0.2 to 1.5 J/cm2 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

Acta Dermatove11er (Stockholm) 55 
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Tablc III. Minimal erythemal dose with the 313 nm 

band for 1 I 5 patients 

Numbcr of patients 
MED 
(Joule/cm2) Psoriasis PLE Other dermatoses 

0.05 0 I 0 
0.10 0 I 0 
0.15 0 0 2 

0.2 6 2 3 
0.3 Il 4 17 

0.4 6 2 12 

0.6 10 2 14 
0.8 4 0 3 
1.0 3 I 4 

1.5 3 I I 
2.0 I 0 0 
3.0 I 0 0 
Totats 45 14 56 

light-sensitive group, and 0.43 J/cm' for the other 

dermatoses. 

Jrradiation 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 !iver disease, which was 

due to increascd 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 irrndiated 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 ro determine the erythema thresholds for the 

arm, shoulder, and never-sun-exposed gluteal re­

gion. There was no great difference between the 

Table IV. Mean and standard dev,ation of erythema 

threshold ( I/cm') with the 313 nm band (Filter A) for 

45 patiems ivith psoriasis. 14 patients wirh po!ymor­

phous fight eruption and 56 patients wirh orher der­

matoses, with the assumption o.f a logarithmic dis­

tribution 

Diagnosis 

Psoriasis 
PLE 
Other dermatoses 

- 3s - 2s - s -� s 

.◊70 .13 

.024 .06 

.096 .16 

.26 .50 

.14 .32 

.26 .43 

.97 

.77 
.70 
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2s 3, 

1.89 3.68 
1.84 4.40 
1.16 J.91 

MED of the shoulder and that of the gluteal region, 

bul 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/cm2, which is below the RPT (150 mW/cm2). 

In 80 patients, a skin area of 2.2 cm diam. (3.8 cm') 

was irradiated with 30 J/cm2, and an immediate pig­

mentation and slight redness could be noted in mos! 

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 

leve) 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 

patients and found 10 be 20 lo 50% higher than their 

RPT. 

The maximal intensity with this filter is 300 mW/ 

cm2 and, when 4 patients wcre tcsted with it, they 

experienced an immcdiate, prickly and burning sen­

sation that could be endured for 10 to 20 seconds. 
This dosc corrcsponds to 3 6 J/cm• and gave an 

immediate erythema but there were no signs of re­

curring inflammation. 
60 patients were irradiated with 30 J/cm' (I 00 to 

150 mW/cm0). In almost all cases, a slight im­

mediate eryihema and pigmentation that disappear­

ed within J hour was noied, 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 spor with 30 J/cm2 for 2 to 3 wccks will, 

as a rule, give rise to a marked pigmentation but 

not as strong as that seen in the same experiment 

wilh lhe 334 + 365 11111 band. 

The 405 11m band (Filter D) 

The RPT with this light is 100-140 mW/cm2• When 

the heat filter BG 38 is removed, the JR-radiation 

becomcs about four limes more intense than the 



Table V.MED, MBD and the relation between these 

values in 20 patients 

Patien1s 1-14 had no known !iver disease. Patients 15-20 
had acute liver i11toxication 

MED MBD 

Pat. (J/cm') (J/cm') Ratio MBD/MED 

I 0.2 3.0 15 
2 0.2 3.0 15 
3 0.2 4.0 20 
4 0.3 6.0 20 
5 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 J0.0 J2 
11 1.0 8.0 8 
12 1.5 10.0 7 

13 2.0 10.0 5 

14 2.0 10.0 5 

15 0.3 1.5 5 

16 0.6 2.0 3 

17 0.3 1.5 5 

18 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 be
caused by the 405 nm band plus 300 to 450 mW/

cm' of infrared radiation. With this heat filter re­

moved, blisters occur al 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/cm2 

(70-90 mW/cm') on the dorsal shoulder, with the 

Table VI. Comparison of the MEDs for differetlf 

areas oj the body in J 1 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 I .5 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 0.2 0.2 
29 0.6 0.6 0.3 
30 2.0 0.2 0.2 
31 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 skiu 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 result in any pigmentation. 

DISCUSSJON 

The 313 nm band 

The MED of the 313 nm band in this study does 
not differ much from earlier reports (4, 10. 12. 14). 
Magnus (12) gave a mean value of 0.4 J/cm2 for a 

band centred at 310 nm, while Mackenzie & Frain­

Bell (JO) reported 0.27 J/cm'. The slightly higher 

value reported in this investigation may be due 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 results support thc earlier findings 

that one must go down to extremely small field 

dimensions before observing a change in the MED 

(13). 

Witb the 313 nm band, !arge 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 patients with livcr disease. This finding needs 

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 Jight be­

low 330 nm is less than 6 mJ/cm' when the total 

dose is 30 J/cm' (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 (J 2). 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). Jt cannot be excluded 

that this is sufficient to give a slight erythema. The 

integrated spectral-distribution curvcs are here of 

great value when estimating the stray light in the 

short UV region. 

Hausser dcscribed a recurring erythema or human 
skin 12 hours after irradiation with 385 nm, and the 
skin became pigmented after 48 hours (8). A re­
curring erythema I O to 18 hours af ter irradiation 

with wavelengths of 360, 400, 440 and 460 nm has 

previously been reported in healthy subjects by 

Pathak et al. (l 5). The doses used (45 J/cm•) ex­

ceeded ours and there was no account given of the 

stray light in their monochromator. We were not 

able to reproduce a late erythema 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 lhe 405 nm band (30 J/cm2) 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

v-ave 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 

cutofr properties of our lamps. 

With filters B, C and D no blister reaction occurs 

with a total dose of 30 J/cm' at an intensity below 

the EPT. The pain evoked by light of different wave­

lengths must be caused by the amount of radiation 

reaching the skin per unit of time. The IR-part of 

the emission from the lamps with riltcrs B, C and 

D is only 8, 34 and 10% respectively or the total 

emission (Table Il). From the results gained with 

the heat-filter BG 38 removed (page 269), it is evi­

dent that the addition of 300-450 mW/cm' or JR­
ractiation 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 causi11g pain, 

although it is of greater importance in the rormation 

of blisters. This might be due to the TR radiation 

alone or possibly to a combined UV-JR effect. Berger 

(2) has given values of 600-1 000 mW/cm' as the

A<'fa Dermatovener (Srock/10/111) 55 

pain threshold for his solar simulator in the long­

wave UV. Thesc values are higher than ours and, 
togcther with our results, thcy may indicate an in­

teresting area-size dependence typical of pain sensa­

tion where the cooling of the skin by heat conduc­

tion and convection of intercellular fluid may be im­

portant. 
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