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Abstract

UVB solar radiation is attenuated to a much greater degree than the UVA one’s. From various experiments we deduced the complex index of refraction, the conductivity, the reflection and transmission coefficients of the “stratum corneum” for clear and dark human skins. We used a statistical analysis of the solar UVB, UVA and Global radiations for both the “Beer Sheva” site(altitude +315 meters), and the “Neve Zohar” one’s (altitude -375 meters),measured from January 1995 through December 2002 and published in 2004 [1].

The conductivity is higher for the clear skin especially in the near ultra-violet and visible spectra. 

An induced ultra-weak photon emission of fibroblasts became more important when exposed to a 350 μm  UVA radiation of 40 J/cm2 .This radiation is of a same order of magnitude as that of a solar exposure between 11 and 12 AM in June which is equal to 20 J/cm2.

The ultra-weak energy photon can explain the division of fibroblasts and the cancer mechanisms of human skin.

Introduction

 The penetration of solar radiation through the human skin, in particular the various ultraviolet wavelengths is of great importance for the determination of photo-protective properties of sunscreens such as  creams  and clothes. In this study we describe the penetration of solar energy through different layers of human skin, with comparison between UVA, UVB and Global Solar Radiation from 0.2 to 0.9 micrometer wavelengths.
First observation UVB solar radiation is attenuated to a much greater degree than the UVA one’s, in accordance with the scattering radiation law varying as an inverse function of the wavelength.

Second, from various experiments, we not only deduced the complex index of refraction ,but also the conductivity, reflection and transmission coefficients of the "stratum corneum" for clear and dark human skins.

The emission by all living matter of ultra-weak photons, efficiently induced by irradiation of UVA light, showed various proliferation of skin fibroblasts. The monochromatic UVA irradiation used, has an energy density of 40 J/cm2, which gives some idea of the magnitude of the solar radiation(see table 2). 

 We used a statistical analysis of the solar UVB, UVA and Global  radiations for both the “Beer Sheva” site (altitude +315m), and the “Neve Zohar” one’s (altitude -375m), measured from January 1995  through  December 2002 ,and published in 2004 [1].
The results showed that the UVB radiation was attenuated to a much greater degree than the UVA one’s.

As indicated in table 1, the radiation in the “Neve Zohar” site showed a definite attenuation compared to that of the “Beer Sheva” site.

Table 1  Attenuation between the two sites global radiation
	UVB
	UVA
	Global

	-0.70 dB
	-0.21 dB
	-0.09 dB


We extracted from the "Israël statistical analysis" the dose of radiation measured during different periods (as given in table 2).The wavelength of the UVB and UVA radiation is respectively 0.297 and 0.370 μm .
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Table 2   Dose of radiation in  J/cm2 .Average for the two sites

	Period(t)
	UVB
	UVA
	GLOBAL
	UVA/UVB
	UVA/GLOBAL

	June

11<t<12 AM
	8.34 10-2
	19
	3.6  102
	228

23.6 dB
	5.27 %

-12.8 dB

	Annual

11<t<12 AM
	0.65
	1.65 102
	3.3 103
	254

24.0 dB


	5.00%

-13.0 dB

	Annual
	3.7
	1.15 103
	2.4 10 4
	311

24.9 dB
	4.79%

-13.2 dB


The variation of the measured UVB spectrum in terms of the wavelength 

can be expressed by the relation:

Log (P/5.8 10-6) =69[(0.297/λ)-1]       (1)

P is the normalized power spectral density en J/cm2, s .

A Global Radiation in June during one hour: 3.6 102 J/cm2 is equal to 1.435 cal/min,cm2. The radiation pressure Po = p/c   with p = 103 J /m2, s   is: Po =3.3 10-6 Pascal.

At a wavelength of 0.297 µm, the normalized power spectral density: P=5.8 10-6 J/cm2.s is defined as a dose which causes minimal redness in an average skin after an hour of irradiation, which corresponds to a cumulative energy equal to: 2.1 10-2 J/cm2.

 The solar UVB relative power spectral response (1) is very limited, strictly around 0.297 µm (table 3). 

Table3. Spectral bandwidth of the radiation UVB (1)

	λ in μm
	0.297
	0.315
	0.320
	0.330

	P  (1)

(J/cm2.s )
	5.8 10-6
0 dB
	1.1 10-7
-17 dB
	4.1 10-8
-21.5 dB
	5.8 10-9
-30 dB


  The far UVB and the UVC (0.190 to O.280 µm ) are completely absorbed by the atmosphere .

On the contrary for the UVA there is only a variation of 7 dB in the range (or bandwidth) equal to: 

 0.320 < λ<0.390 µm. The spectral response is rapidly decreasing outside this range.

The various layers of the human skin are:

     -The epidermis of an average thickness of 70 µm, the thickness of the “stratum corneum” is about 

17 µm and that of the mucus body: 53 µm.

      -The dermis with the fibroblasts, beyond 70 µm.

>From the measured reflection coefficient of energy R [2], related to an electromagnetic plane wave, contacting, with a normal incidence the “stratum corneum” , we deduced the following physical characteristics in terms of the wavelength:

    SOLAR ENERGY MAGNITUDE THROUGH THE HUMAN SKIN   

· The complex index of refraction: ñ=n-jk, with n the index of refraction:
n= (εr)1/2 =(1+R1/2)/(1-R1/2)      (2) 

· The reflection losses: 

Pr =10 log10 (1-R)      (3)

· The extinction factor K, the penetration thickness δ in the“stratum corneum”, and the index of extinction k:

k=λ/ 2πδ  (4)

К(N/m).δ(m)=1.    (5)

  К : is in  Neper /metre (N/m) , or  8.69 10-6 dB/μm 

· The conductivity  :  

σ =2nkωεo =n К(εo/μo)1/2 =n.k/30λ     (6)
· The transmission losses:      

Psc(dB)=К(dB/μm).d(μm)   (7)

  d is the“stratum corneum” thickness equal to 17 μm.
Table 4      Transmission losses through the “stratum corneum”

	λ(μm)
	К(N/m)
	δ( μm) (5)
	Psc (dB) (7)
	k (4)

	0.200
	2.0 105
	5
	29.5
	6 10-3

	0.250
	1.5 105
	6.7
	22.2
	6 10-3

	0.300
	1.3 105
	7.7
	19.0
	6 10-3

	0.370
	7104
	14
	10.0
	4 10-3

	0.400
	6 104
	16
	8.9
	4 10-3

	0.500
	4 104
	25
	5.9
	3 10-3


	0.600
	2 103
	500
	0.3
	2 10-4

	0.700
	3 102
	3 103
	0.04
	4 10-5

	0.800
	2.5 102
	4 103
	0.04
	4 10-5

	0.900
	2.5 102
	4 103
	0.04
	4 10-5


The tables 5 and 6 give the complex index of refraction n, the reflection coefficient R, the reflection losses Pr , and the conductivity σ valid  respectively  for both clear and dark skins.
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Table 5    Clear skin

	   λ(μm)
	0.20
	0.250
	0.300
	0.370
	0.400
	0.500
	0.600
	0.700
	0.800
	0.900

	  R [2]  
	0.05
	0.10
	0.15
	0.30
	0.35
	0.40
	0.45
	0.65
	0.60
	0.50

	 n  (2)    
	1.58
	1.92
	2.26
	3.42
	3.90
	4.44
	5.07
	9.32
	7.87
	5.83

	Pr(dB)
	0.22
	0.46
	0.71
	1.55
	1.87
	2.22
	2.60
	4.56
	3.98
	3.01

	σ(S/m)
	1700
	1500
	1500
	1300
	1300
	900
	540
	17
	10
	8


Table 6    Dark skin

	λ(μm)
	0.200
	0.250
	0.300
	0.370
	0.400
	0.500
	0.600
	0.700
	0.800
	0.900

	R [2]
	0.050
	0.055
	0.060
	0.070
	0.075
	0.100
	0.150
	0.250
	0.350
	0.300

	n (2)
	1.58
	1.61
	1.64
	1.72
	1.75
	1.92
	2.26
	3.00
	3.90
	3.42

	Pr(dB)
	0.22
	0.25
	0.27
	0.32
	0.34
	0.46
	0.71
	1.25
	1.87
	1.55

	σ(S/m)
	1700
	1300
	1100
	650
	600
	380
	240
	5
	5
	5


The measured epidermis transmission losses Pe [3] are given in the table 7.

Table7.  Mucus body losses :Pe-Psc
	λ(μm)
	0.290
	0.300
	0.330
	O.350
	0.370
	0.400

	Pe (dB) [3]
	27
	23
	15
	13
	12
	11

	Pe-Psc (dB)
	
	4
	
	
	2
	2


SUMMARY

The “stratum corneum”  is in fact mainly responsible for the difference of behaviour between the clear skin and the dark skin and this for the following reasons:

· First, the reflection of energy is higher for the clear skin due to its   higher index of refraction n.

· Second, the conductivity is also higher for the clear skin especially in the near ultraviolet and visible      spectra.

    
Furthermore the current flowing along the “stratum corneum” is higher for a clear skin.

· Third, the “mucus body” Pe-Psc losses are much weaker than the “stratum corneum” one’s  Psc :(see table 7)

· and finally, an UVA radiation (0.370 µm ) has a deeper penetration than an UVB radiation (0.297 µm ) of about 9 dB( 10-19 dB, see table 4). 

SOLAR ENERGY MAGNITUDE THROUGH THE HUMAN SKIN

Without sunscreens (creams or protective clothes), it is possible to know the dose of cumulative solar radiation at different levels inside the human skin, particularly in the “stratum corneum” (17 μm depth), and at the boundary between the dermis and the epidermis (70 μm depth).

Thus an UVB solar radiation dose of  2.10-2 J/cm2 ,which causes a minimal redness, during an exposure time of 15 minutes between 11and 12 AM in June  (see table 2), corresponds to the boundary between the “stratum corneum” and the  “ mucus body” with losses of 19 dB (see table 4) , a dose of 2.5 10-4 J/cm2. During the same exposure time, the UVA dose, with a skin attenuation of 10 dB, would be equal to : 0.45 J/cm2. The reflection losses Pr  have been omitted (See table 5 and 6).

An annual exposure to UVA solar radiation of 1.15 103J/cm2 corresponds to a cumulative dose of 115  J/cm2 at the boundary between the “stratum corneum” and  the “mucus body”. At the “dermis” level with its fibroblasts the dose is equal to 73 J/cm2.   

An induced ultra-weak photon emission of fibroblasts between 0 300 and 0.450 µm became more important when exposed to a 0.350 µm radiation of 40 J/cm2 [4]. This radiation is of a same order of magnitude as that of a solar exposure between 11 and 12 AM in June (see table 2).

The high degree of coherence of bio-photons, within the living matter, is due to the small distance, a few angstroms, between near base pairs of DNA, compared to the wavelength of the light under study[5].

The ultra-weak energy photon can explain the division of fibroblasts and   the cancer mechanisms of human skin; the main modification of DNA molecules by UV radiation is the formation of pyrimidine dimers [6]. 

The UVC (0.19 to O.28 µm) are absorbed by the atmosphere, but can be radiated by special tubes, and the mutations which occur have their origins in the cells. 

So Kozlov  [7] showed that the amount of energy, required for triggering the cell division, is about 5eV, which corresponds to a wavelength of 0.247  µm.
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