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Abstract: Background: The Dead Sea basin is the lowest terrestrial site on the globe and is interna-
tionally recognized as a photoclimatotherapy center. Since the last century, questions raised regard-
ing the possible presence of a unique incident ultraviolet irradiation, allowing successful treatment
of psoriasis, atopic dermatitis and other dermatological diseases. Aim: Determine the characteristics
of the solar ultraviolet irradiation and understand the mechanism of action of photoclimatotherapy
while applying the results to clinical protocols of treatment. Methods: A meteorological station was
established at the Dead Sea basin to continuously measure global, UVB and UVA irradiation. The
same irradiation parameters are also being monitored continuously by a set of identical ultraviolet
irradiation instruments installed on the campus of the Ben-Gurion University of the Negev, in Beer
Sheva. Results: This study details the results of these long-term measurements, ae well as their cor-
relation with the success obtained by clinicians treating psoriasis patients. Conclusions: A database
of more than 25 years has enabled the medical staff to establish tailor-made protocols for sun-expo-
sure time intervals as a function of particular month and hour of day. The availability of such infor-
mation has significantly improved the results of photoclimatotherapy for psoriasis and at the same
time increasing the safety of sun-exposure at the Dead Sea.
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1. Introduction

The Dead Sea is a terminal hypersaline lake located between the Judean mountains
in Israel and the Moab mountains in Jordan. It is one of the saltiest bodies of water
known, with approximately 345 g of mineral salts per liter [1,2]. It is situated at the
lowest terrestrial site on the world, approximately 400 m below mean sea level. The Dead
Sea region is recognized as a natural treatment site for patients with various skin disor-
ders, such as psoriasis, atopic dermatitis, vitiligo as well as rheumatic and pulmonary
diseases [3-7]. Though mainly psoriatic patients have been treated at the Deutsches
Medizinisches Zentrum (DMZ medical center) [8] during the last 40 years, a substantial
and accurate database on the Dead Sea therapeutic potential had been established. The
success rate that is measured in terms of excellent, to complete clearance after four weeks
of treatment exceeds 85% [5,9]. These clinical findings were presumed to be associated
with a unique ultraviolet irradiation spectrum present at the Dead Sea [10-12].

In the latter part of 1994 Professor Avraham Kushelevsky z”]l and one of the present
authors (A.LK) were invited by the Regional R&D for the Dead Sea (now the “Dead Sea
and Arava Science Center) to establish a meteorological station at the Dead Sea basin.
The purpose of this study was to determine if the ultraviolet irradiation incident at the
Dead Sea possessed any unique properties, which may contribute to the success of pho-
toclimatotherapy in the treatment of psoriasis and/or other skin diseases at the Dead Sea.
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The results of this long-term research program and its correlation with the successful clin-
ical outcome are now reported.

2. Materials and Methods
2.1. Site parameters

The first step in initiating this research study was to establish a meteorological station
at the Dead Sea basin to continuously measure global, UVB and UVA irradiation and
other relevant bio-climatological parameters, viz., dry bulb temperature, barometric pres-
sure and relative humidity. The Dead Sea meteorological station is located on the west-
ern shore of the Dead Sea, at a site called Neve Zohar. The Neve Zohar site parameters
are as follows: altitude of 375 meters below mean sea level, a latitude of 31°12’N and a
longitude of 35°22'E. The same irradiation parameters were also monitored continu-
ously by a set of identical ultraviolet irradiation instruments that were installed at a pre-
vious existing meteorological station located in Beer Sheva, on the campus of the Ben-
Gurion University of the Negev, in order to provide a basis for inter-comparison. The
site parameters for the Beer Sheva station are an altitude of 315 meters above mean sea
level, a latitude of 31°15’N and a longitude of 34°45'E. Beer Sheva is located in the south-
ern Negev region of Israel, a semi-arid zone, at a distance of ca. 65 km to the west of the
Dead Sea.

2.2. Broad-band measurements

The first phase of this study was to monitor the global, UVB and UVA irradiation at
both sites to determine if the ca., 700 m difference in altitude, viz., (Beer Sheva + 315 m) —
(Neve Zohar -375 m) = 690 m, results in a significant irradiation intensity attenuation be-
tween the two sites.

The global irradiation at the Dead Sea station is measured by a Kipp & Zonen, CM
11 Pyranometer, whereas at Beer Sheva it is measured with an Eppley Precision Spectral
Pyranometer, Model PSP. The instrumentation utilized to measure the UV irradiation at
both sites are identical and consist of a Solar Light Co. Inc., Model 501A UV-Biometer for
the measurement of UVB and a Solar Light Co. Inc., analog UVA version of Model 501A
UV-Biometer for the measurement of UVA. The global, UVB and UVA irradiation me-
ters are classified as broad-band instruments, viz., they measure the cumulative irradia-
tion intensity within their respective spectral range, and are positioned to monitor the
irradiation intensity on a horizontal surface. Campbell Scientific Instruments datalog-
gers, Model CR21 at Neve Zohar and Model CR10 at Beer Sheva, located at each site mon-
itor and store the data at 10-minute intervals (i.e., the instruments are scanned at 10 second
intervals and average values at 10-minute intervals are calculated and stored).

The selection of this particular type of UV meter (biometer) was dictated in part by
one of the aims of this research program, which was to develop a database for monthly
average daily and hourly UVB and UVA irradiation intensities to be utilized in the devel-
opment of a photoclimatotherapy treatment protocol for psoriasis at the Dead Sea. The
UVB irradiation is measured in units of Minimum Erythema Dose per Hour (MED/h) for
skin type 2, viz., the dose which causes minimal redness of the average skin type 2 after 1
hour of irradiation. This unit is the working product of the cross-multiplication (pro-
grammed into the meter) of the irradiating flux in the UVB spectral range and the Ery-
thema Action spectra [13]; i.e,, IMED/h = 0.0583W/m? for a MED = 210J/m2. The UVA
meter measures the irradiating flux in the UVA spectral range in units of W/ma2.

2.3. Narrow-band measurements

The second phase of this study was to determine if there was any significant selective
attenuation within the UVB and/or UVA spectrum range. This was accomplished with
the aid of a narrow-band spectrometer. Such measurements could not be carried out
concurrently at the Dead Sea and Beer Sheva, since there was only a single spectroradi-
ometer at our disposal. In order to overcome this problem, the broad-band meter meas-
urements of both UVB and UVA at Neve Zohar and Beer Sheva were utilized to determine
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that the overall irradiation flux densities were similar prior to performing an inter-com-
parison between spectroradiometer measurements performed on two different but con-
secutive days. Sporadic measurements utilizing a narrow-band spectroradiometer, UV-
Optronics 742, to scan from 295 to 380 nm at 1 nm intervals (the instrument’s band pass is
1.5 nm, as per the manufacturers' specifications) were performed at both sites.

In addition, the horizontal global irradiation intensities were compared at both sites.
This parameter provides a more suitable criterion for the justification of the inter-compar-
ison of the narrow-band spectra as they are minimally affected by the difference in optical
path lengths as a result of the difference in altitudes between the sites. Viz., the degree
of attenuation is inversely proportional to the wavelength and the global irradiation is in
the higher wavelength spectral range.

The spectroradiometer, and all its peripheral equipment, were transported to the
Dead Sea site (Neve Zohar) approximately once every two to three weeks for a day of
measurements. The measurements consisted of an hourly single scan through the ultra-
violet range (i.e., 295 to 380 nm) from around 9:30 until 15:30 (Israel Standard Time).
Identical analyses sets were performed on several days at the Beer Sheva site, before and
after the measurement day at Neve Zohar, in order to enhance the probability of obtaining
two very similar days for the purpose of performing an inter-comparison.

The theory of light scattering explains that the degree of attenuation of a solar ray is
inversely proportional to its wavelength raised to some power, i.e., scattering caused by;

air molecules, Rayleigh scattering, is proportional to A %;

water molecules; an empirical scattering coefficient is proportional to ~ A2

aerosols: empirical scattering coefficient [14] is proportional to ~ A075,

The extent of attenuation by any type of scattering is, a priori, a function of optical
path length. The object of these measurements was to determine if the ca., 700 m differ-
ence in altitude between the two sites is sufficient to cause a significant difference between
the UVB and UVA spectra at the two sites.

2.4. Additional measurements

Several additional measurements, which provided more information regarding the
nature of the ultraviolet irradiation environment at the Dead Sea basin were performed
using a Solar Light Co., Inc. Microtops II, Ozone Monitor-Sunphotometer. This portable
device contains three narrow-band light filters which measure the UVB irradiation inten-
sities at three wavelengths within the UVB spectrum, viz., 305.5+ 0.3, 312.5 + 0.3 and 320.0
#0.3nm. The Microtops II was designed to be used to measure the stratospheric ozone
layer thickness, which is calculated as a function of the relative intensities of the three
narrow-band UVB readings. This is accomplished by utilizing a unique built-in pro-
grammed algorithm. It was adapted to the current study because the 305 nm irradiation
is within the peak erythemal spectral range and the 312 nm irradiation is within the pso-
riasis therapeutic wavelengths. Consequently, the Microtops II provides information re-
garding the relative intensity of the erythemal to therapeutic irradiation as a function of
time of day.

3. Results

The ultraviolet B irradiation database consists of ongoing measurements initiated in
February 1995, whereas that of UVA comprised of ongoing measurements from June that
year. The UVB and UVA irradiation intensities are continuously monitored, with the ex-
ception of periodic scheduled annual factory calibration by the manufacturer (Solar Light
Co., Inc.) and interruptions resulting from power failures. The two meteorological sta-
tions, connected via modem to the Israel Meteorological Service, are part of the national
network.
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3.1. Broad-band measurements

The results of the broad-band irradiation measurements during the time period from
January 1996 until June 2019 are reported as monthly average daily values in Tables 1-3
for global, UVB and UVA, respectively. The % relative attenuation is defined as

(XNeve Zohar - XBeer Sheva)X100/XBeer sheva (1)

where X is the broad-band irradiation, is shown in Figure 1.

Table 1. Monthly average daily % relative attenuation of global irradiation intensities (kW/m?).

Month Neve Zohar By Beer Sheva Relative
(kW/m?) (kW/m?) attenuation (%)!
Jan 2.98 692 3.10 -3.64
Feb 3.82 675 3.98 -4.02
Mar 5.10 755 5.29 -3.53
Apr 6.36 700 6.60 -3.67
May 7.32 739 7.66 -4.48
June 7.92 698 8.35 -5.13
July 7.70 733 8.06 -4.36
Aug 7.09 707 7.39 -4.08
Sept 6.11 710 6.28 -2.86
Oct 4.72 727 4.79 -1.43
Nov 3.57 631 3.67 -2.55
Dec 2.94 677 2.99 -1.71

1 % Relative attenuation = (GlObalNeve Zohar — GlobalBeer Sheva)XlOO/GlObalBeer Sheva.

Table 2. Monthly percent daily average relative reduction of UVB irradiation intensities (MED).

Month Neve Zohar Days Beer Sheva Relative attenuation

(MED) (MED) (%)*
Jan 6.00 509 6.49 -7.51
Feb 9.01 463 9.96 -9.53
Mar 13.22 649 14.29 -7.53
Apr 17.31 700 18.80 -7.92
May 21.18 740 23.54 -10.03
June 24.57 701 27.79 -11.59
July 23.60 702 26.72 -11.68
Aug 21.28 678 23.86 -10.82
Sept 17.35 657 19.19 -9.56
Oct 11.75 683 13.04 -9.89
Nov 7.47 566 8.58 -13.00
Dec 5.46 537 5.84 -6.56

1 % Relative attenuation = (UVBNeve Zohar — UV BBeer sheva)x100/UV BBeer sheva.
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Table 3. Monthly percent daily average relative reduction of UVA irradiation intensities (W/m?).

Month Neve Zohar By Beer Sheva Relative
(W/m?) (W/m?) attenuation (%)!
Jan 140.28 494 139.21 0.77
Feb 175.35 468 184.58 -5.00
Mar 234.56 614 244.19 -3.94
Apr 288.56 641 306.50 -5.85
May 340.76 688 360.93 -5.59
June 381.38 681 400.17 -4.70
July 363.90 694 387.40 -6.07
Aug 330.90 659 353.80 -6.47
Sept 279.05 658 296.80 -5.98
Oct 210.13 694 225.57 -6.84
Nov 155.39 631 166.13 -6.46
Dec 124.89 588 134.06 -6.84

1 % Relative attenuation = (UVANE.‘VE.‘ Zohar — UV ABeer Sheva)XlOO/UVABeer Sheva.
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Figure 1. Monthly average daily % relative attenuation of irradiation intensities of global, UVB and
UVA irradiation. [%(Neve Zohar - Beer Sheva)/Beer Sheva].

A priori, the broad-band irradiation is expected to be lower at the Dead Sea compared
to Beer Sheva due to their ca., 700 m difference in altitude, viz., its longer optical path
length and, consequently, greater probability of undergoing scattering phenomena. The
actual additional optical path length, A(OPL), due to the lowest altitude, which a solar ray
has to traverse is given by

A(OPL) = change in altitude/cos 6, (2)
where 0. is the solar zenith angle at which the solar ray subtends with the normal to the
surface. Consequently, 0. decreases and its cosine increases, approaching unity, with in-
creasing solar altitude, i.e., the height of the sun in the sky. This is why the magnitude of
the solar irradiation intensity peaks during the summer months: the solar rays have to
traverse a shorter optical path length through the atmosphere. The increased attenuation
in the irradiation intensity as the time from solar noon increases towards sunrise or sunset
is also a function of the optical path length. In addition, it also is the reason that the UVB
index peaks at midday on clear days, viz., the shortest daily optical path length.

It should be emphasized, once again, that such scattering is inversely proportional to
the wavelength; greatest for UVB and least for global irradiation. In addition, the


https://doi.org/10.20944/preprints202209.0303.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 September 2022 doi:10.20944/preprints202209.0303.v1

monthly relative attenuation for a particular type of irradiation at two different sites is
influenced by the particular climatic conditions, i.e., the different microclimates at each
site. The mountain range located to the west of the Dead Sea basin prevents winter rain
clouds emanating from the Mediterranean Sea from passing over and depositing rain in
the Dead Sea basin. Consequently, the Dead Sea basin is characterized by a much clearer
sky in comparison to Beer Sheva during the rainy season (December through March).

The above is attested to by the relative magnitudes of the monthly average daily
global radiation measured at both sites: with the exception of the month of June the rela-
tive attenuation values are less than 5%, cf., Table 1. They vary between a maximum of
-5.13% during June and a minimum of -1.71% during December.

The % relative attenuation of the monthly daily UVB irradiation values between the
Dead Sea and Beer Sheva is significantly greater than the corresponding values for the
UVA irradiation, cf., Tables 2 and 3. This is attributed to the fact the attenuation by the
scattering phenomena is inversely proportional to the wavelength and the UVB spectrum
is the lowest wavelength range incident on the earth. Once again, the seasonal variation
in the magnitude of the % relative attenuation is a function of the micro-climates at the
two sites.

The % relative attenuation in the case of UVB irradiation varies between a maximum
in August of -11.68% and a minimum in December of -6.56%, whereas the corresponding
values for the UVA irradiation are -6.84% in December and +0.77% in January. It should
be noted that with exception of January all other values for the relative attenuation of
UVA irradiation are negative; in the range between -6.84% in December and -3.94% in
March.

The results from the broad-band ultraviolet irradiation measurements, as discussed
above and reported in Tables 2 and 3, exhibit the attenuation of both the UVB and UVA
irradiation incident at the Dead Sea basin relative to Beer Sheva. It is observed from an
inter-comparison of the two tables that the UVB irradiation is attenuated to a significantly
greater extent than the UVA irradiation. This in itself is to be expected since, as men-
tioned previously, the degree of attenuation caused by scattering phenomena is inversely
proportional to the wavelength. Consequently: there would be no overt advantage to
photoclimatotherapy at the Dead Sea relative to other sites; the sun exposure time re-
quired for the treatment of psoriasis would have to be longer in order to achieve the re-
quired dose of UVB irradiation. On the other hand, there would be a distinct advantage
to psoriatic patients undergoing photoclimatotherapy at the Dead Sea if the spectral rays
within the erythema range were reduced to a greater extent than those within the thera-
peutic beneficial spectrum [15].

3.2. Narrow-band measurements

The sporadic measurements with UV-Optronics 742 (a narrow-band spectroradiom-
eter; scans from 295 to 380 nm, 1 nm intervals) were performed at both sites. Results
from this phase of the study for the UVB (295-320 nm) and UVA (320-380 nm) spectral
ranges are shown in Figs. 2 and 3, respectively. The data presented in these figures refer
to measurements performed on two consecutive days during the month of August, i.e., a
single day of measurements at each site. They are representative of the measurements
performed during this study.


https://doi.org/10.20944/preprints202209.0303.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 September 2022 doi:10.20944/preprints202209.0303.v1

0.90

0.85

0.80 -

0.75

Relative Attenutation (Neve Zohar:Beer Sheva)

0.70
290 295 300 305 310 315 320 325

‘Wavelength (nm)

Figure 2. Relative UVB irradiation reduction within its spectral range: (Neve Zohar:Beer Sheva).
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Figure 3. Relative UVA irradiation attenuation within its spectral range: (Neve Zohar:Beer Sheva).

Once again, the criteria to justify the inter-comparison of the measurements at the
two sites on consecutive days are based primarily on the relative magnitude of the hori-
zontal global irradiation intensities measured at the Dead Sea and Beer Sheva, viz., their
approach to unity. The graphs depict the ratio of the irradiation intensities at the two
sites (Dead Sea and Beer Sheva) as a function of wavelength throughout the UVB and
UVA spectral ranges. A marked spectral selectivity was observed for the case of the UVB
irradiation, with the degree of attenuation decreasing as the wave-length increased. In
the vicinity of the peak erythema action spectra, ca., 300 nm, the degree of attenuation is
in the range between 0.73 and 0.79 (27 and 21%), whereas in the spectral range of the UVB
beneficial to psoriasis, ca., 312 nm, the degree of attenuation is between 0.85 and 0.89 (15
and 11%).

In the case of the UVA, degree of irradiation mitigation is significantly less than that
for the UVB irradiation and its spectral selectivity was much less marked, varying in the
range of 0.89 to 0.95 (11 and 5%). The scatter observed in the measured data is not unex-
pected, considering the very low irradiation intensities being measured by the spectrora-
diometer. Itisimportant to emphasize that these observations are in complete agreement
with the theory of light scattering, viz., the degree of attenuation by light scattering phe-
nomena is inversely proportional to its wavelength.

It is this spectral selectivity within the UVB spectrum, i.e., the greater degree of at-
tenuation within the erythema spectral range relative to that in psoriasis therapeutic
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spectral range, that makes photoclimatotherapy at the Dead Sea so attractive. Conse-
quently, patients undergoing this treatment are exposed to a lower cumulative dose of
erythema irradiation during their stay at the Dead Sea.

3.3. Additional measurements

The Microtops 1I, Ozone Monitor-Sunphotometer was utilized to measure the rela-
tive irradiation intensities as a function of time at wavelengths of 305.5 nm and 312.5 nm;
i.e., the relative irradiation intensities within the erythema to the psoriasis therapeutic
spectra.

The results of such measurements performed at the Dead Sea during the month of
July, as a function of time, are shown in Fig. 4. The Israel Standard Time is equivalent to
GMT + 2 h and during July solar time precedes local time by about 15 minutes. Conse-
quently, the shortest optical path length during the month of July occurs at ~ 09:45 GMT,
as evidenced by the minimum attenuation at 305.5 nm relative to 312.5 nm irradiation
intensity, viz., the relative maximum ratio of 305 nm to 312 nm.

The optical path length varies diurnally and attains its daily minimum at solar noon
and it increases towards sunrise and sunset. The extent of attenuation of the ultraviolet
irradiation and resultant spectral selectivity vary similarly, i.e., a daily minimum at solar
noon. Consequently, in order to minimize exposure to erythema irradiation patient sun
exposure should be avoided around midday hours.
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Figure 4. Ratio of 305.5 : 312.5 nm irradiation intensities at Neve Zohar during the July, as a function
of time of day (Israel Standard Time = GMT + 2).

3.4. Application to Dead Sea psoriasis treatment protocol

The results of the broad-band measurements are utilized to develop sun-exposure
timetables as a function of patient skin type and month of treatment in order to optimize
the psoriasis treatment protocol. The goal being to assure that the patient receives the
proper cumulative dose of therapeutic UVB irradiation during his treatment while mini-
mizing his exposure to the erythema irradiation.

The sun-exposure timetables are based upon:

the UVB irradiation intensity equivalent of an MED as a function of skin type as de-
fined by COST-713 [16], cf., Table 4;

the recommended UVB irradiation dose required during a patient’s stay at the Dead
Sea, e.g., Table 5 for a 2-week stay based upon clinical experience at the Dead Sea Clinic,
Ein Bokek (Dead Sea basin);

combining the data from Tables 4 and 5 together with the UVB broad-band measure-
ments generate monthly average hourly UVB irradiation doses available (MED) according
to skin type at the Dead Sea; e.g., Table 6.
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Tables such as Table 6 are developed for each skin type. The hours on a table are
divided into three groups based upon the monthly average hourly UVB irradiation inten-
sity:

hours suitable for sun-exposure (less then 2 MED/h)- italics;

hours not suitable for sun-exposure because insufficient irradiation intensity- under-
lined;

hours not suitable for sun-exposure because of the relatively high irradiation inten-
sity- bold.

The next phase is to generate a patient sun-exposure timetable in accordance with
skin type, month and duration of stay at the Dead Sea. An example of such a sun-expo-
sure timetable is shown in Table 7 for a 2-week stay during the month of March at the
Dead Sea for a patient with a skin type 2.

The prescribed cumulative UVB irradiation dose is defined in accordance with Table
5, which in the case of a skin type 2 is 25.5 MED or 637.5 mJ/cm?.  This dosage is achieved
by gradually increasing the daily dosage of UVB irradiation from an initial 0.4 MED (10
mJ/cm?) on day 1 to 3.4 MED (85.0 mJ/cm?) on day 14. The sun-exposure time intervals
for the month of March are listed in columns four and five and are based upon monthly
hourly data reported in Table 6. From day 1 through day 6 the patient can choose be-
tween either morning or afternoon sun-exposure time intervals; whereas from day 7
through day 14 both morning and afternoon sun-exposure time intervals are required to
achieve the prescribed daily dosage.

The patient’s total sun-exposure time during a 2-week stay at the Dead Sea will be
between 27.0 and 28.5 hours, depending upon the preference for either morning or after-
noon sun-exposure between day 1 and day 6.

Table 4. MED values per Skin Type as defined by COST-713*.

Skin Type 1 MED
I 20 mJ/cm?
II 25 mJ/cm?
I 35 mJ/cm?
v 45 mJ/cm?

*Vanicek K, Frei T, Litynsks Z, Schnalwieser A (2000). UV-Index for the Public, COST-713 Action (UV-
B Forecasting), 27pp., Office for Official Publications of the European Communities, Luxumberg.

Table 5. Recommended cumulative UVB irradiation dose during a 2-week stay at the Dead Sea™

Skin Type MED’s mJ/cm?
I 25.5 637.5
I 27.5 962.5
IV 33.5 1507.5

“Based upon clinical experience at the Dead Sea Clinic, Ein Bokek (Dead Sea basin).
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Table 6. Monthly average hourly UVB irradiation dose available (MED) for Skin Type 2 at the Dead
Sea.

Month/hour 7/8 89 9/10 10/11 11/12 12/13 13/14 14/15 15/16 16/17

Mar. 025 0.67 1.22 1.70 194 1.86 1.48 0.95 0.46 0.14
Apr. 048 1.02 165 218 241 227 1.83 1.20 0.60 0.19
May 070 137 207 260 281 2.64 2.14 1.44 0.76 0.29
June 081 156 235 297 322 3.04 249 1.72 0.97 0.41
July 071 140 218 278 3.06 294 2.44 1.71 0.96 0.40
Aug. 0.61 127 202 263 289 276 2.23 1.49 0.79 0.29
Sept. 048 1.08 177 230 251 231 1.76 1.08 0.50 0.14
Oct. 030 037 126 166 1.78 1.58 1.13 0.62 0.24 0.03

3.5. Photoclimatotherapy results

Psoriasis is a chronic inflammatory skin disease whose manifestations are sharply
demarcated, erythematous, pruritic plaques covered in silvery scales. The disease has
strong genetic predisposition intertwined with environmental triggers. In a recently
published review on psoriasis therapies, the authors highlighted the Dead Sea as the most
common destination for Climatotherapy [16]. Out of a total of 34 papers cited in the sec-
tion on “Balneotherapy and Climatotherapy”, 18 studies were related to the Dead Sea
treatment. Excellent outcomes were reported in almost all of these publications.

The authors, however, reported an ambiguity concerning the recommendations for
sun exposure time intervals. Indeed, a 1996 publication recommended only 3 hours per
day, while another, the following year recommended up to 7 hours per day. As we have
shown in the previous paragraphs, the use of on-site UVB measurements defines the daily
exposure time-interval required (summarized in Fig. 5). Consequently, there is no
longer need for approximation; viz., the doses of solar photoclimatotherapy are calculated
precisely and transformed into exposure time-intervals for each patient.

It should be noted that two important topics were not included in the abovemen-
tioned review. First, the efficacy and safety of Dead Sea photoclimatotherapy has been
verified many times but its influence on the Quality of Life of patients has often been ne-
glected. A clinical study has demonstrated the positive influence on the Quality of Life
of patients who underwent photoclimatotherapy at the Dead Sea; sustained for several
months [9]. Second, studies on cost-effectiveness of psoriasis treatments only rarely
mention the superiority of phototherapy and, in particular, that of photoclimatotherapy.
In chronic and “relapsing” diseases, economic evaluation necessitates the determination
of remission time in order to draw firm conclusions regarding the relative superiority of
a particular therapy.

Conclusion regarding the long-term results of Dead Sea Photoclimatotherapy have
recently been published [17]. The authors reported data of 17 patients who underwent
treatment at the Dead Sea and were followed up at home. Ina commentary [18] on this
article, one of the present authors (MH) emphasized the difficulty to arrive at any conclu-
sions on the basis of such a small sample size. Based upon our years of experience treat-
ing psoriasis at the Dead Sea, we assess the remission phase to exceed 6 months. Never-
theless, we agree that further clinical studies on the long-term effectiveness of photocli-
matotherapy at the Dead Sea should be performed.

Some will say that Dead Sea Photoclimatotherapy is an example of personalized
medicine. Indeed, sun exposure times can vary during the same day and for the same
disease depending on the patient’s clinical parameters. However, even if individual pa-
rameters and measurements of irradiance at the Dead Sea are the basis of our recommen-
dations (cf., Fig. 5), we believe that we are still far from the current definition of person-
alized medicine. Infact, we are only giving an adequate dosage of ultraviolet irradiation,
as we would for antibiotic treatment. According to published definitions [19], precision
medicine does much more. Personalized medicine improves patient care by using bio-
logical and molecular information from diseases, genetic and proteomics as well as
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metabolomics. Actually, our research center pursues this goal mainly through the study
of the skin microbiome [20] and a better understanding of the disease symptoms [21].

In conclusion, clinicians and patients have greatly benefited from the solar spectrum
analyses at the Dead Sea. Applying the UVB database has made it possible to transform
an empirical natural treatment into a well-codified and scientifically-based therapy.

Personalised Sun Exposure Regimen Adjustment

Clinical parameters Phototherapy parameters
1. Patient . .
- skin phototype Software aD[ndhai\r:n:(Eand online/
- age
- medications measurements
2. Psoriasis ) N Artificial phototherapy
_ype , ¥ Individualized protocol
- extend of lesions
- lesions localisation Dead Sea »
Climatotherapy o
Protocol

Figure 5. Dead Sea personalized climatotherapy protocol. Created with BioRender.com.

3.6. Ongoing research program

A major inconvenience of photoclimatotherapy in general, and at the Dead Sea in
particular, is that it requires exposing the skin and, thus, the patient to the sun for ex-
tended periods. This can be quite uncomfortable for the patient undergoing the treat-
ment. The hypothesis, on which the following research program is based, is that the
wavelength range of the UVB irradiation spectra is the shortest of all the terrestrial solar
irradiation and as a result it will be most highly scattered; i.e., a high percentage of it will
be diffuse. Solar or global irradiation is composed of two components:

beam or direct irradiation- rays come directly from sun, and are considered to have
both a single point source and direction;

diffuse irradiation- rays are scattered as they traverse the atmosphere and have nei-
ther defined source nor direction.

Consequently, if the UVB irradiation is found to be highly scattered at the Dead Sea
as a result of it being the lowest terrestrial site on earth, viz., longer optical path length
during the optimal sun-exposure time intervals, there is no need for the patient to be di-
rectly exposed to sun.

There are two options to determine the composition of incident solar irradiation; i.e.,
the beam and diffuse fractions:

measure the global irradiation on a horizontal surface and the normal incident beam
irradiation by means of a measuring instrument that tracks the sun on its daily east to
west (sunrise to sunset) path and with intermittent adjustments for its changes in solar
altitude (north to south seasonal track);

measure the global irradiation on a horizontal surface using two identical measur-
ing instruments; one to measure the global irradiation and second outfitted with a shading
device which blocks out the beam irradiation and thereby measures the diffuse fraction.

It was decided in this study to use the first option because it is a direct measurement
of the normal incident beam irradiation, whereas the second option entails a number of
correction factors in order to arrive at the value for the true diffuse irradiation. In order
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to accomplish this, it was necessary to acquire such an instrument. A prototype tracking
instrument composed of a Model 501A UV-Biometer mounted on an Eppley Solar Tracker
Model St-1 was specially designed for this project by Solar Light Company Inc. to measure
the normal incident UVB beam irradiation incident at the Dead Sea basin, cf., Fig. 6. The
beam and diffuse fractions of the incident UVB irradiation on a horizontal surface are
determined by concurrently measuring the UVB global irradiation and the normal inci-
dent UVB beam irradiation by means of the following equations:

Tuve,da= Tuveg— Iuveph, 3)

Tuve,bh = Tuvebn(cosBz) 4)

where Iuvsd is the UVB diffuse irradiation on a horizontal surface, Iuvsg is the UVB
global irradiation on a horizontal surface, Iuvspn is the hourly UVB irradiation on a hori-
zontal surface, Iuvpn is the hourly normal incident UVB beam irradiation and 0: is the
solar zenith angle.

The results of that study have been published recently [22] and the diffuse fraction
throughout the year at the Dead Sea was observed to exceed 80%. The application of the
results of these measurements suggests a possible revision of the photoclimatotherapy
treatment protocol for psoriasis patients at the Dead Sea medical spas.

It may be possible to take advantage of this relatively high diffuse fraction by allow-
ing patients to receive their daily dose of UVB irradiation without direct exposure to the
sun, i.e., to receive their daily dose of UVB irradiation while positioned under a sunshade.
This would necessitate an increase in sun-exposure time intervals by approximately 20-
25%, since the UVB irradiation intensity beneath a sunshade is less than that on an ex-
posed surface.

Preliminary clinical testing of this hypothesis with regard to photoclimatotherapy of
psoriasis patients, as well as in other skin disorders, at the Dead Sea are promising. This
revised photoclimatotherapy protocol will allow the psoriasis patient to take advantage
of the unique diffuse fraction of UVB irradiation and increase the patient’s compliance to
the updated sun-exposure protocol, beneath sunshades, for somewhat longer time peri-
ods but for the same irradiation dose and concomitant therapeutic action.

The conclusions of the study regarding the high diffuse fraction of UVB irradiation
is also relevant with regard to sun-exposure in general [23]. Shading devices such as an
umbrella or horizontal overhang/shade provide relief from the solar global radiation but
provide limited protection from the diffuse fraction of the UVB irradiation. This is espe-
cially true at locations such as beaches where the incident irradiation is highly reflected
by the sand and a significant fraction of the solar global UVB irradiation does penetrate
this supposedly “protective or comfort zone” under the shade device. Consequently, it is
imperative to minimize sun exposed body surfaces by adequate clothing or use sunscreen
even when under such shade devices.

Figure 6. Thenormal incidence UVB measured by means of a Model 501A UV-Biometer mounted
on an Eppley Solar Tracker Model St-1.
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4. Conclusions

The Dead Sea basin’s unique climatic conditions are due to both its latitude and low
altitude, approximately 400 meters below sea level. They include high barometric pres-
sure as a result of it being the lowest terrestrial point on the Earth and consequently an
increased oxygen partial pressure, a high and stable temperature, a low humidity, a pau-
city of rainfall and a unique spectral composition of the incident ultraviolet solar irradia-
tion.

The unique ultraviolet spectral composition is the result of the relatively longer opti-
cal path length that the solar rays must traverse through the Earth’s atmosphere prior to
being incident on the surface, i.e., the lowest terrestrial point on the Earth. As it traverses
the atmosphere solar irradiation undergoes attenuation by scattering by air molecules,
water vapor and aerosols and the attenuation is inversely proportional to the wavelength
raised to a power. Consequently, the ultraviolet irradiation having the shortest wave-
length is attenuated to the greatest extent and the UVB is attenuated more than the UVA
irradiation. In fact, the erythema UV irradiation is attenuated to the greatest extent, since
it is located at the low end of the UVB spectrum. This combination of solar, climatic and
balneotherapeutic factors present at the Dead Sea is unequaled elsewhere in the world.

Exposure to the sun and, in particular, the spectral composition of the solar rays in-
cident on the ground at the Dead Sea area have been proven to be highly effective in tem-
porarily suppressing the clinical features of psoriasis, viz., achieving remission. Broad-
band measurements of the solar UVB and UVA irradiation at the Dead Sea relative to
identical measurements at Beer Sheva (315 meters above mean sea level) exhibit a general
attenuation of both UVB and UVA irradiation intensities at the Dead Sea basin; the UVB
irradiation being attenuated to a much greater extent than the UVA irradiation.

It was also observed that the relative irradiation intensities within the UVB spectrum
between the erythema and therapeutic spectral ranges are also a function of time of day.
Therefore, patient sun-exposure regimen should be scheduled for early morning hours or
late afternoon hours in order to limit their exposure to the harmful erythema rays, which
peak during midday hours, and this also avoids being outdoors during the very hot mid-
day hours [23, 24].

The pertinent conclusions based upon the analysis of the concurrent monitoring of
the solar UVB and UVA at the Dead Sea and Beer Sheva, initiated in 1995, can be summa-
rized as follow [24]:

the UVA and UVB solar irradiation intensities at the Dead Sea basin are both attenu-
ated relative to Beer Sheva; UVB to a greater extent than the UVA;

the degree of attenuation is inversely proportional to the wavelength. As a result,
the erythema wavelength range (ca. 300 nm) is attenuated to greatest extent than the ther-
apeutic wavelength range for psoriasis (ca. 311 nm) at the Dead Sea;

the diurnal optical path length is minimum at solar noon. Consequently, solar ex-
posure should be avoided because the therapeutic to erythema ratio is also a minimum;

the incident UVB solar irradiation at the Dead Sea has a higher ratio of therapeutic to
erythema irradiation relative to other sites.

Based upon the medical literature and the clinical results obtained during our 25
years of experience applying Dead Sea photoclimatotherapy for psoriasis, we expect both
excellent short-term and good long-term success of such a treatment.
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