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Testing the effects of ultraviolet radiation on
biological samples using laser interferometry
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Laser interferometry is used to analyze biological samples non-invasively before and after exposure to ultraviolet B (UVB) radiation. The
objective is to ascertain the damage induced by this type of radiation by quantifying displacements across the entire surface of the samples
The analysis of those displacements, with a resolution of a few micrometers, is presented. Displacements are induced by applying a soun:
load to the sample with and without radiation. The results are displayed as fringe patterns and displacement maps, where changes cause
by UVB radiation exposure can be observed. It was found that displacement values decrease and fringe patterns change slightly due to th
radiation. Displacement data is useful as it is an indicator of the biological sample’s elasticity. This work contributes to the understanding of
the impact of UVB irradiation on sample elasticity, which can be assessed non-invasively.
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1. Introduction diation is used to treat certain dermatological diseases such
as psoriasis, atopic dermatitis and mycosis fungoides, among
thers [21-25], or for aesthetic purposes, such as in tanning
eds [26-28]. In such cases, the radiation is used while taking
ecautions with regard to the duration of exposure to solar
diation. It is important to be able to analyze changes to the
skin, primarily caused by UVB radiation, and there are mul-
tiple options to do so. One is the use of non-invasive optical
rIechniques, such as confocal laser microscopy [29, 30], opti-
cal coherence tomography [31-36], digital holographic inter-

czse gf ;J\éctgnd thCh hOf the UVBISpeCtEm' rad|aLtJ|<\)/2 ISferometry (DHI) and digital speckle pattern interferometry
absorbed by the almosphere 0zone layer. However, r DSPI) [37-39]. At present, laser interferometry is a non-

diation passes through the ozone layer and reaches the Eart &structive and non-invasive optical technique that allows a

surface. Due to the deterioratio_n of the ozone layer ?n rece ample to be analyzed without manipulation. This ensures

years [1'4].’ there hz_as been an increase in U\_/B radiation Othat the measurements are not altered, thus producing highly
Earth, qudmg to various probler_ns forliving beings [5-7]. Al- accurate results. Laser interferometry uses the phenomenon
terations in mechanical properties due to exposure to uItraV|c-nc interference and monochromatic light sources, such as
olet radiation have been demonstrated in synthetic materia‘ '
and biological tissues. Some studies have shown that in bo

natural and synthetic materials, such as Glass/polyester comy

posite, poly methyl methacrylate (PMMA), epoxy laminate,

The sun energy, or solar energy, which is present on Eart
as electromagnetic radiation. The electromagnetic spectru
encompasses different wavelengths, which can be divide
mainly into visible (400 to 700 nm), infrared (750 nm to 1
mm), and ultraviolet (200 to 400 nm), the latter of which is
considered in this paper. In turn, the ultraviolet range ca
be divided into three types: UVA, UVB, and UVC. In the

Rsers, to measure displacements, deformations, shapes, vi-
ations, distances, and refractive indices, among other pa-
meters. It is important to note that laser interferometry is a
. d . ) two-state technique. This means that it is necessary to capture
and elastic material, among others, distinct changes in thegn image without deformation and/or load, which is called a
mechanical properties can be attributed to UV radiation [8'reference, and a second image with a dist’urbed state (with a

12];. forexample, in the case of PMMA, exposure to.umav'o'modification in the sample). In the present study, we propose
let light caused surface damage that made mechanical param-

ters d d h fot th and strain at tusing an optical interferometric technique to examine a bio-
eters degrade, as was the case of strength and strain at rup 'I‘cgﬁical sample before and after exposure to UVB radiation in

[13]. Il?egarding bti)glogizal tissuejl,ﬁspecifidcally pofrCLin’ SIfji.n’order to demonstrate its elasticity variations. We will present
f_amp f].s‘ rv]vere suh_jehcte dt(I) tv;/o q f' eren: oseds ort q ra Ia'mages of the optical phase, as well as the quantification of
ion which were high and asted for prolonged periods, angy,q displacements and the change in fringe patterns. Changes

were then an_alyzed 0 ob_taln_ the rigidity cqefﬂmer_ﬂg before, displacement are used to indicate the variation in elasticity
and after radiation, resulting in a loss of skin elasticity [14]. ., .+ ihe sample undergoes due to radiation

Focusing on humans, high exposure to UVB rays can cause
various skin problems, such as premature aging, darkening
or burns, and in the long term, it could lead to skin cancer
[15-20]. On the other hand, it should be noted that UVA ra-
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2. Optical method and experimental setup wherea, by A¢ are the background signal, modulation and
phase difference, respectively. The latter contains informa-

Laser interferometry is a non-destructive optical techniqudion about the object under study in the form of interference

that allows one to analyze a sample without manipulationpatterns.

yielding highly accurate measurements. To analyze the bio- In order to find out the fringe vibration pattern of the sam-

logical sample, an optical setup based on laser interferometrgle, i.e., to identify its characteristic vibration mode, the sam-

was required. Figure 1 shows the optical configuration baseple was subjected to acoustic sound from the rear. To achieve

on the interference phenomenon. The optical configuratiotthis, it was necessary to record two holograms: one without

includes a Cobolt Samba laser source with a wavelength dff/r) and another with(Iy/) the acoustic load. Herdp is

532 nm, and a power output of 1 W. The laser beam is dithe so-called reference hologram, which is subtracted from

rected towards a beam splitter (BS), which separates it intdy in order to obtain the fringe pattern, showing the intensity

two beams: the reference beam and the object beam. Tmodulation by means of:

avoid illumination loss, both beams are coupled to single-

mode optical fibers (FO1 and FO2). The object beam’s op- Ir = |Iy — IR| (2)

tical fiber output (FQ2) |I_Ium|nates the sample under study. Subsequently, the optical phase can be recovered from

The backscattered light is collected by an aperture and Ier}%e

; . fringe patterns using the spatial carrier method, which
system, and then sent to a combiner cube (CC), where it Rvolves the Fourier transform [45-47]. To quantify the dis-

merged W'th.the referenc_e beam (FOL). Th_e_ two beams arelacements{w(x, y)) on a micrometric scale the next rela-
then recombined, producing wave superposition and genera{?—

ing an interference pattern [40-43], and the overlap of tho:se'onShlp is used,

two beams is captured by the camera sensor; the camera used A

was a PCO pixelfly with a resolution of 800 x 600 pixels. To w(z,y) = WA@ ©)

perform the interferometric measurements, an acoustic load

(sinusoidal sound waves) was applied to the sample by plagvhere Ay is the unwrapped optical phase differendeis

ing a loudspeaker behind it [44]. This was controlled by athe wavelength of the illumination source used in the optical

function generator (GF), which allowed controlling the type System, and is the illumination angle existing between the

of signal, as well as the frequency, amplitude and phase, se¥servation and illumination directions.

Fig. 1. In order to discover the characteristic vibration modes It is important to note that the above process is followed

in response to the application of sound load, a frequencyo study samples with and without the exposure to UVB ra-

sweep was performed on the sample, and with the help dfiation.

a homemade interface, it was possible to visualize its behav-

ior and identify the vibration modes in. real tim_e to confirm 3 Results and analysis

that the sample was responding effectively. This stage of the

experiment was vital in order to obtain the fringe patterns inNumerous tests were performed to corroborate the repeatabil-

response to sound and observe the changes due to the U\ffy of the process. It is important to note that the biological

radiation. sample had an uneven thickness and a diameter of 20 mm,
To record a digital speckle pattern or hologram, the objectvhich it was placed in an optomechanical circular support.

and reference beams must be recorded simultaneously on the mentioned before, a frequency sweep was performed to

camera sensor using the setup shown in Fig. 1. The intensitgentify the resonant frequencies of the sample, and an inter-

of the recorded hologram can be expressed as follows: esting finding was that more than two vibration modes were
identified, which points to the elasticity of the sample. Before
I(z,y) = a(z,y) + bz, y)cos[Ap(x, y)]. (1) the exposure to UV radiation, the sample was placed in the

position displayed in Fig. 1, and two images were captured:
one before and another after the application of sound to the
sample; it is important to note that the same process is to be

— followed when UV radiation is applied to the sample.
ety First, the first vibration mode was obtained using Eq. (2);
subsequently, the wrapped phase, unwrapped phase, and dis-
Laser Ob]”immomz placement maps are obtained [48-53]. Figure 2a) presents
7 AL cc Camera the fringe pattern obtained at a frequency of 850 Hz before
- Tﬂm“ } - . the application of radiation, while Fig. 2b) shows the fringe
/EOW Sample pattern when the sample was subjected to a UVB radiation
/ w’/ dose of 0.0014 J/ctn The vibration frequency of the first
O Fo1 mode of the sample remained the same, but it is noticeable
that the vibration pattern underwent minor changes, such as
FIGURE 1. Optical setup. a slight rotation of the fringe observed in Fig. 2ag., the
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FIGURE 2. Vibration pattern to 850 Hz for the biological sample: a) before and b) after UVB radiation. A slight modification in the fringe
pattern is noticeable.
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FIGURE 3. Biological sample before UVB radiation, a) wrapped phase and b) displacement map.

fringe appears slightly tilted. In addition, the fringe in tion indicating that the sample loses elastiditg, the sample
Fig. 2a) has dark and bright fringes, while in Fig. 2b) only is more rigid than at the beginning of the test, when it was
a bright fringe is visible. This finding suggests that, underin its initial state (without radiation). The displacement value
the same sound load conditions, the initiation of fringe for-decreased after UVB irradiation, indicating that the sample
mation occurs prior to the onset of visible signs of damagelost elasticity,i.e., the rigidity increased in the sample com-
thereby providing an indirect indication of sample elasticity pared to the data obtained in its initial state (without radia-
loss after radiation. tion).

A Fourier transform method was applied to the images  Analyzing Figs. 3a) and 4b), slight changes in the
shown in Fig. 2 to obtain the object’s optical phase infOI’ma-Wfapped phase map are observed. For examp|e, in F|g 33_),
tion; Fig. 3a) presents the wrapped phase, and the displacghe black fringe is oval and tilted shape, while in Fig. 4a) the
ment map is displayed in Fig. 3b). It is important to men-dark fringe is smaller than the fringe in Figs. 3a) and it is not
tion that the images in Fig. 3 were obtained without usingtilted. Furthermore, the scale bar in Fig. 3b) is a bit larger
UVB radiation. Meanwhile, Fig. 4 presents the results af-compared to Fig. 4b), indicating that the displacement value
ter the sample had been irradiated; Figs. 4a) and 4b) presegiécreased when the biological sample was subjected to UV
the wrapped phase and the displacement map, respectivepadiation, and this is confirmed with the data of Table I, where

To obtain the displacement map shown in Figs. 3b) and 4b}he maximum displacement of the sample irradiated with UV
Eq. (3) was used, which depends on the value\ afsed,

the value of the angle between the observation and illumi
nation directionsf measured in the optical array, and the TABLE I. Maximum displacement for the first vibration mode
unwrapped phase mag,p; from these maps, the maximum found at 850 Hz.

displacements of the object before and after the application - — - —
of the radiation dose were obtained and used to construct Ta-___Without UVB radiation With UVB radiation
ble I. The displacement value decreased after UVB irradia- 0.210 £ 0.015 pm 0.160 + 0.010 pm
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FIGURE 4. Biological sample after application of a UVB radiation dose of 0.0014 3/anwrapped phase and b) displacement map.
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FIGURE 5. Biological sample at a frequency of 1 kHz and without UVB radiation, a) vibration pattern, b) wrapped phase, and c) displacement
map.

(=2
=3
o

200 -
pixels

600

0 0

rays is lower than that of the sample without UV radiation.1 kHz. The results obtained when sound was applied to the
This assertion is substantiated by the data presented in Taample are presented in Fig. 5, without UVB radiation, and 6
ble I, which reveals that the maximum displacement of thewith radiation. It is noticeable that the patterns and the dis-
UVB-irradiated sample is less pronounced than that of thglacements are altered upon exposure to the UVB dose. The
sample not exposed to UVB radiation. maximum displacements are shown in Table II.

On the other hand, it is important to note that the differ-  Examining the vibration pattern images in Figs. 5a) and
ence of displacement between sample data with and witho@a), the vibration mode appears to be a (1,1) mode, and it
UVB radiation is small, exactly.05 + 0.018 um, due to s notorious that there are changes in their shapes. For ex-
the low dose of UVB radiation applied to the tissue. If the ample, in Fig. 5a), bright and dark fringes are presented in a
UVB radiation had been higher, the difference in displace-particular position; apparently, the fringes are rotated. How-
ment would have been greater, which could indicate greatesver, when the sample is irradiated, the pattern is modified,
damage caused by radiation. displaying a pair of dark and bright fringes that are separated

According to the literature, the increased rigidity in bio- and not rotated compared with the pattern without UVB radi-
logical tissue is associated with higher frequencies and, coration. On the other hand, the displacement maps and the scale
sequently, lower displacements. Conversely, softer or elastisar showed that the displacement value is slightly higher in
skin results in lower frequencies, and therefore, greater dehe sample without radiation, which agrees with the maxi-
formations. Viscoelasticity also plays a role in the tests, asnum displacement values shown in Table II.
it dampens the sinusoidal signal, leading to modifications in A further result of the experiment was the discovery of a

the vibration modes. Another important factor is tissue hy-complex vibration pattern found at 1.62 kHz for the sample
dration; as the sample dehydrates, it loses elasticity, which

increases its stiffness [54-58]. Thus, after irradiation of the
sample with UVB rays, a change occurred in the biologicalrag e 11. Maximum displacements at a frequency of 1 kHz.
tissue that caused dehydration and/or aging, which caused the
displacement values to change for the same frequency. Without UVB radiation With UVB radiation

Another vibration pattern was found at a frequency of 0.252 + 0.0014 pm 0.248 + 0.0011 pm

Rev. Mex. Fis72061301
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FIGURE 6. Biological sample at a frequency of 1 kHz and with a dose of 0.0014%)afnVB radiation, a) fringe pattern, b) wrapped
phase, and c) displacement map.
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FIGURE 7. Biological sample at a frequency of 1.62 KHz and without UV radiation, a) fringe pattern, b) wrapped phase, and c) displacement
map.
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FIGURE 8. Biological sample with a UVB radiation at a frequency of 1.75 KHz, a) fringe pattern, b) wrapped phase, and c) displacement
map.

prior to exposure to radiation, as illustrated in Fig. 7. How-  The vibration frequency of biological tissue depends on
ever, following the application of UVB radiation to the sam- the mechanical properties inherent to its viscoelastic nature.
ple, it was inspected at 1.62 kHz and did not vibrate at thidt is worth noting that the biological sample used in this work
frequency. Consequently, an exhaustive search for the vibraxhibited various vibration modes at different frequencies, in-
tion pattern was carried out, which was found at 1.75 kHzdicating that it cannot be considered a homogeneous system
This indicates that there was a change in frequency, as wedind that its internal structure is complex.
as a decrease in the magnitude of the displacement, which is In addition, the alteration of the sample with UVB radi-
an indicator that the sample is affected after being irradiatedation caused slight changes in the displacement information
as illustrated in Fig. 8. and the vibration patterns detected by optical techniques.

A maximum displacement d.407 = 0.0013 pum was
quantified for the biological sample without UVB radia- 4. Conclusions
tion at 1.62 kHz, and a maximum displacement@50 +
0.0012 um was determined for the biological sample with The research presented allowed us to analyze biological tis-
UVB radiation dose at a frequency of 1.75 kHz. sue using a non-invasive optical technique, which facilitated

Rev. Mex. Fis72061301
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the quantification of micro-displacements and changes ifiound, the frequency of the sound load at which they were

them caused by UVB radiation applied to the sample. Thdound remained the same for both sample conditions with

laser interferometry technique permitted the biological samand without radiation. However, the behavior of the phase

ple to be evaluated without manipulation, which helped toand displacement maps changed, and a decrease in the dis-

avoid external alterations that could influence the measurglacement values of the irradiated sample was observed. In

ments. Furthermore, the optical technique used in this worla complex vibration pattern, in addition to the change in dis-

lets us see superficial variations and/or modifications in thg@lacement, the frequency also changed from 1.62 kHz to 1.75

biological sample that are not perceptible to the naked eyedHz due to the effects of UVB radiation on the tissue.

In this regard, changes in the outer layer of the sample due to It should be noted that the difference in maximum dis-

UVB radiation can be seen in the 3D displacement maps. placement between the irradiated and non-irradiated samples
It was imperative to discover the vibration modes of thewas small due to the low dose of radiation that was applied;

tissue prior to its quantitative analysis, and consequently, tisthese small changes of the order of microns can be detected

sue information was obtained and analyzed before and aftevith the technique presented. In future work, focus will be on

UVB radiation. The displacement in the tissue before UVBobtaining mechanical parameters such as stiffness, Young's

radiation was greater in comparison to the displacement vaimodulus, and Poisson’s ratio, among others, in order to bet-

ues obtained with the irradiated sample; additionally, wherter understand the damage that prolonged exposure to UVB

the sample was subjected to UVB radiation, the fringe patrays can cause to human skin.

terns and elasticity were modified, as UVB rays generate an

increase in viscoelastic stiffness on the tissue surface, indicat-

ing photoaging and dehydration, as well as possible interna\cknowledgments

alterations in elastin, fragmentation, and collagen reorgani-

zation [15]. Thus, in the first and second vibration modeslhe authors acknowledge support from their institution.
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