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Abstract

In this work, we used CR-39 and LR-115 type Il daltate nuclear track detectors to meastfte, 2Th>*Rn and
2Rn concentrations in Merzouga sand. The measuneckotrations of*®U and®**Th in the studied sand samples vary
from (332.59+16.62) mBq-:cfito (335.54+20.13) mBq-: cthand (80.43+4.02) mBq-cito (84.75+5.08) mBq-ct
respectively. We evaluated the radiation dosebdakin from the application of different sand Isdbly the patients by
using a model based on specific alpha-dose an@gdptticle residual energy concepts. The maximual &quivalent
dose to the skin due to th®U and?**Th series from the cutaneous application of difiesand baths by patients was

found equal to (148.12+11.85) pSvan®

Key words: Solid Nuclear track detectors; sand baths; envitental radioactivity**®u and®**Th concentrations;

radiation dose assessment to skin.

Introduction

Merzouga is a small Moroccan town in the SahareeBesear
the Algerian borderRigure 1). It is well known for its tourist
and therapeutic sand baths, especially for rhegmati
treatment. However, the clumsy use of these satith ltauses
a lot of health problems affecting, a priori, thenfan skin
layers.

Skin is the largest and heaviest organ in the mupealy with
regard to its surface and mass [1]. It is compadeal series of
layers that can be grouped into two structures:dingrmost
layers are collectively called the epidermis and tteeper
layer, the dermis. The critical cells of the skie #ound in the
basal layer of the epidermis which is the most igasskin
layer from radiation hazard. Radionuclides havestexi since
the creation of the earth and contribute signifigamo the
external and internal doses received by the papulaf2].
Among them, radionuclides belonging to t#&U and %**Th
series are particularly important. These radionledi emit
alpha and beta particles, as well as gamma photdhs.
different radiation forms are emitted with diffete@nergies
and power of penetration and therefore have difteedfects
on living beings. Once on the skin, the radionwedicbf the

%) and ?*Th series emit alpha particles of several tens of

microns (between 20 and 100 pum). This is comparabkbe
depth of the basal layer of the epidermis. It tsereéfore,

necessary to measure the concentrations of thdsmrelides
in the studied sand samples, in order to evaluatengial

radiation exposure to patients. Eatough et al. usedew
engraved track detector, worn as a modified wristiyato
measure the total alpha activity of the skin at loadon
concentrations [3]. Eatough estimated that, for lidas
attached to the skin surface, the doses receivethdbasal
layer are approximately 0.5 and 1 pSv décagi® for ***Po
and?*Po radon decay products, respectively [4].
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Figure 1. Merzouga location
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To measure the concentrations’5t), 2*Th, >*Rn and thoron,
we used a model based on the use of solid-statearutack
detectors (SSNTDs) described by Misdaq et al.[&iking the
full course of sand bath application to the skivg equivalent
doses to the skin were evaluated due to alphaiciesremitted
by the nuclei of*®U and®**Th series.

Materials and Methods

2% and #%Th contents in different sand samples

The principle of the method is that described bwddiq et al.
and Touti [5-7]. In a well-sealed plastic capsuisiiig glue and
cellophane tape), 4 cm in diameter and 1 cm in Higithe
studied sample is placed in direct contact with @39 and
LR-115 type Il detectorsH{gure 2) for one month (30 days).
During this exposure time, the alpha particles &ditby
radionuclides from the radioactive families of itan-238 and
thorium-232 bombard the used detectors. After ithéliation,
the exposed films were developed in two solutiohsamium
hydroxide (NaOH) under development optimal condiio
ensuring good film sensitivity and good reprodudipiof
recorded trace densities: 2.5N at 60°C for 2h fer ER-115
type Il and 6.25N at 70°C for 7h for the CR-39 [Bjter this
chemical treatment, the track densities registeredolid-state
nuclear track detectors (CR-39 and LR-115 1) were
determined using an optical microscope. Backgrawise was
determined by placing these detectors separatekellclosed
and empty (air) polyester cylindrical capsules ta=h to those
used to analyze the sand samples for one montta€). This
operation is repeated ten times, the trace dessitieorded on
the detectors CR-39 and LR-115 Il were found idetio the
statistical uncertainties near.

In our experimental development conditions, thsidwal
thickness of the LR-115 type Il detector measurdth \a
mechanical comparator is n. This thickness defines the
minimum energy limit (&, = 1.6 MeV) and the maximum
energy limit (E..x = 4.7 MeV) for recording traces of alpha
particles on the LR-115 type Il detector [8].

Plastic cover

SSNTD D
q Sand sample

Plastic container——p|

Figure 2. Arrangement of the CR-39 and LR-115 type Il solid-
state nuclear track detectors (SSNTDs) on a sand saie in a
well-closed plastic container of radius q=2cm, &pth D=1cm
and thickness t = 5 mm. Glue is put between the tc cover and
plastic container and both are covered by a Sellope of thickness.
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All alpha particles emitted by the radionuclidesucdinium-238
and thorium-232 radioactive families reaching thR-115
Type Il detector at an angle below its critical elepment
angled; with the residual energy of 1.6 MeV and 4.7 Me¥ ar
recorded as visible traces under the microscope.dmR-39 is
sensitive to all alpha particles that reach itemg at an angle
less than its critical development angle The angle$,. and
6, were calculated using a method described by Misdaa).
[9]. The track densities registered on the detesdBR-39 p&F)
and LR-115 Il pLR), after subtracting the corresponding
backgrounds, are given by the following express[éits

7
C(Th) . R
C(U)d Av Z T AT’lZ ki & " R;
j=1
Eqg. 1
and
C(Th)

LR _ ma’ 8 LR ’ ILR
pk —EC(U)dS[AU ik R+ + ST A BT k) R

c)
Eq. 2

where G and §' are, respectively, the swept surfaces of the
CR-39 and LR-115 Il films, C(U) (ppm) and C(Th) (ppare
the U and ***Th concentrations in the studied material
sample, A (Bg/g) = 0.0123 and 4 (Bg/g)=0.0041 are the
specific activities of a material sample fof*8J content of 1
ppm and a***Th content of 1 ppm , respectivelys i$ the
density of the material sample (gém R and R are the
ranges in the sample of an alpha particle of indamd initial
energy E emitted by the nuclei of th€U and ***Th series
respectively, kand k' are, respectively, the branching ratios
corresponding to the disintegration of the nuclethe %,
and®*Th series and®, ¢f*', effands/* are, respectively, the
detection efficiencies of the CR 39 and LR-115étattors for
the emitted alpha-particles. The first terBgations 1 and2)
corresponds to the number of alpha-particles editte the
238 family (eight alpha-emitting nuclei), whereas thecond
term corresponds to the number of alpha-partictegted by
the?*?Th series (seven alpha-emitting nuclei).

Combining Equations 1 and 2, the following relationship
between track density rates aitrh to?*®U ratios is obtained:

Sd w8 CR PgR
S, Li=1kg "R = ix

pG IICR 1
Pc; j= lkjj R _Sd

8 LR
C(Th) j=1kig " R;

c)

AU %
Arp

T Kig/RR!

Eqg. 3
The uranium content of a material sample is given b
(Equation 4):

! LR
254P6

2 LR ., C(Th) /LR
nq dS[AUZJ 1kjEf R+ C(U)AThZ} 1kjej R]

c(U) = Eq. 4
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By measuring the global track density ratp§?] and pLR)
and calculating the detection efficiencieg @nd €;) using the
Fortran program "SSNTDE & M" [7], we can evaludie tatio
(C(Th)/C(U)) and consequently the uranium and thorium
concentrations in a given sand samggquation 4).

The ranges of the emitted alpha-particles in a ssample
and SSNTDs were calculated by using the TRIM (Tpansof
lons in Materials) program [8]. The TRIM code is a
FORTRAN computer program based on the theory of
penetration of ions in solid as described in ddigilZiegler et
al. [10].

Evaluation of the equivalent doses to the skin

due to alpha-particles emitted by the nuclei

of the ?®®J and ***Th series from the cutaneous
application of sand baths

The epidermis of the human skin is divided intoesal/clearly
defined zones [11]. Indeed, when a sand layerasegal on the
skin of a patient, the nuclei of tf8%U and#*Th series emit
alpha-particles with a range of several tens ofromis (20 to
100 pm) Table 1). This is comparable with the depth of the

basal layer of the epidermis which is more sersifi%0 to
100 pm) [12].

An alpha-particle of index j and initial energy; Emitted
from a nucleus localized on the point M inside saad layer
(Figure 3) has a range:

. i
MF = x; + RS Eq.5

wherex (x5 <R, X is the range of the alpha-particle inside the
sand sample layer) is the distance between thesgemipoint
and the skin surfaceFigure 4) and RF*™™ is the range of the
alpha-particle in the skin.

The alpha-particle residual ener@&fs which corresponds to
the (R-x;) determined by using the energy-range relatiotién

sand sampleFigure 44). By using the energy—range relation in
skin one can determine the range of the alphagbaurith skin

RF¥™ (Figure 4b). For x= R Ef¢*=0 MeV; there is no energy
loss of alpha-particles in the skin (case Figiure 3). For x=0
pum, ngs = E,;; the energy loss of alpha-particles in the skin
is maximum R maximum) (case 3 dfigure 3). For <R,
E§fS< E,; the range of alpha-particle in skin is lower tlthat
corresponding to;x 0 pm (case 2 dfigure 3).

Table 1. Ranges of alpha-particles emitted by th&%U and ***Th series inside the skirR;*™

. Eqj v R; . Ey ] R;
Nuclide (Mev) K;j (um) Nuclide (Mev) K;j (um)
(a) Uranium family (b) Thorium family
28y 4,19 1 25,64 22rh 4,01 1 24,09
0rh 4,62 1 29,52 228Th 5,42 1 37,40
By 4,77 1 30,94 2Ra 571 1 40,46
2Ra 4,78 1 31,03 AR 6,05 0,36 44,20
%P 5,30 1 36,16 2Rn 6,29 1 46,93
2Rn 5,49 1 38,13 2% 6,78 1 52,73
28pg 6,00 1 43,64 2lpg 8,78 0,64 79,62
pg 7,68 1 64,20 - - - -
Eaj, m «—1— Sand samples
Eej M
1 1 I Skin surface
ERes = OMeV Efes ERES = By
Case 1
Case 2 . .
-— Epidermis
h
Case 3
50-100um F «—  Basallayer
-— Dermis

Figure 3. MI = x;j is a range of an alpha-particle inside the sand sgple andIF = Rf’“'" is a range of an alpha-particle inside the skin. fis
the initial alpha-particle energy andE&ies is its residual energy on the point I. The sand lar has a depth of about 500 pm.
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Figure 4. Alpha particle range-energy relation fora sand sample (a) and skin (b).

Alpha-equivalent dose rates (S¥) o the human skin due to a
radionuclide of index j belonging to thH&%U series and a
radionuclide of index ' belonging to tH&*Th series from the
application of sand bath by patients are respdgtiyigen by:

Hskin(j) (t) = Ai‘kin(]) (t)DSng( H Eq 6
and

§ — zski ki

Hskin(j,)(t) - AE‘ In(j’)(t)Dsspm(jl)WR Eq 7

skin
c W
due to a radionuclide of index j belonging to fi&J series.

2“'”(] )(t) (Bq) is the alpha-activity, at time t, in skin ditea

radionuclide of index j’ belonging to tH&*Th serlesDSk'n ],)is

where: A (t) (Bq) is the alpha-activity, at time t, in skin

the specific alpha-dose (Gy) deposited by 1Bq of a
radionuclide of index j belonging to th&U series in the skin.

Dgg'”( )IS the specific alpha-dose (Gy) deposited by 1Ba of

radionuclide of index j' belonging to th€’Th series in the
skin. Wk is the radiation weighting factor which is equal20
for alpha-particles [10].
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TheAEki”(].)(t) andAZki“(j,)(t) alpha-activities are respectively
given by:

Sck'”(])(t) = —Asample(BBU)e itx1cm3 Eq. 8
and

Sk'”(] NOE Sample(BZTh)e "tx1em3 Eq. 9
where Asam”le(BsU) (Bq cm?) is the alpha-activity due to

2% inside a sand samplel;*""**(?3?Th) (Bq cm’) is the
alpha-activity due to®Th inside a sand samplé; is the
radioactive decay constant of a radionuclide ofeind]
belonging to the® series andy; is the radioactive decay
constant of a radionuclide of index j belonging tte **2Th
series. The term % means that only half of the tethialpha-
particles inside a sand sample may lose their @®ngside the
skin.

The D" u )and D o specific alpha-doses are respectively
given by:
k: gRes
pskin j Zaj Eqg. 10
P () T dskinSskin RF™ q
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and
sin g kit Faf Eq. 11
SPn dskinSskin R}?/km

where: dis the density of skin (g- ¢ Ssun is the skin surface
(cn). k = 1.6.10°° (J MeV?) is a conversion factoRF*™ is
the range, in the skin, of the alpha-particle afleix j and
residual energyEx¢* belonging to thé*U seriesR§*™ is the
range, in the skin, of an alpha-particle of indearjd residual
energyER®s belonging to thé**Th series Figure 4).

By integratingEquations 6 and 7, equivalent doses (Sv) to
the skin due to an alpha-particle of residual eyleFxﬁjes
emitted by a radionuclide of index j belonginghe*?U series
and an alpha-particle of residual eneﬁﬁif emitted by a
radionuclide of index j’ belonging to tHf&*Th series from the
application of sand baths are respectively given by

Skin

pgkin  w
Hsking ;) = —s L ASOPIE (2380 (1 — ¢ Hite) Eq. 12
)] 22 ¢
and
pSkin . w
HSkin(j,) — p2+)RA~C‘?ample (232Th)(1 _ e—lj,ta) Eq 13
]I

where { is the application time.

Equivalent doses to the epidermis (EP) of skin ¢fe to all
residual energies of an alpha-particle of indexng anitial
energy E; belonging to thé*®U series and an alpha-particle of
index |’ and initial energy & belonging to thé**Th series are
respectively given by:

H;) (EP)
_ Kl A () (1 — e ') f Bal® _ pres
21 Ssuindsinb BTy Jo RSP(ELS)
Eqg. 14
and
H (;, (EP)
_ kij‘gample(BzTh)(l _ e—/ljta ) Eqjr Eg]gls Jghes
22/ Sskindskin AE g5, o RYM(ERS) Y
Eq. 15

whereAES™ andAES:® are the chosen steps.
The equivalent doses (S gm?) to a skin surface of 1¢m
of the epidermis during an exposure time equal yedr due to
alpha-particles emitted by tR&U (eight alpha-emitting nuclei)
and ®°Th (seven alpha-emitting nuclei) series from the

application of a sand bath by patients are resgalgtgiven by:

and
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Results and Discussion

238 and ?*%Th alpha activities per unit volume in
sand samples

The alpha activities per unit volunf&U [A(***U)] and ***Th
[A(*?Th)] were evaluated in various sand sampleb(e 2).

Since the track detectors used were etched in N@OH
solutions at optimal conditions of etching, ensgria good
sensitivity of the SSNTDs and good reproducibildy the
registered track density rates and their backgrsunere
determined and subtracted from the measured globak
density rates registered on these films determbyetheans of
the same optical microscope with magnification 4@xly the
statistical uncertainty on track counting is predwant. The
uncertainty on track density production per unihdi was
determined from the statistical uncertainty on kraounting,
and then the uncertainty of the measufé) and ?*?Th
concentrations were determined, which gave valdesbout
8%. The results presented irable 2 show that all studied
samples contain more uranium than thorium. Theseitaes
vary from (332.59 +16.62) mBq-¢into (335.54 + 20.13)
mBgq-cm® for uranium and from (80.43 + 4.02) mBq-Eio
(84.75 + 5.08) mBq- cthfor thorium.

Equivalent doses to the skin due to the
radionuclides of the®*®U and ?**Th series from
the application of sand baths in Merzouga town

People who are treated for Rheumatism disease gakand
bath in Merzouga can spend 15 minutes a day forvesek,
one month, or two months. We evaluated the equivaleses
to the epidermis of the skin due to alpha-emittinglei of the
Z% [H(U)(EP)] and ?**Th [H(Th)(EP)] series from the
application of sand baths for different exposurees and for
female and male adults using equations 16 andhE7rdsults
obtained data for the equivalent dosesto the epide of
human skin (Sv tm?), due t0®®U and®*Th series from the
cutaneous application of different sand baths ofzdega by
adult female and male for 15 min a day during oreekvper
year, were shown imables3 and 4. We have also shown
obtained data for the equivalent doses to the epideof skin
(Sv y'cm?), due to thé*U series and**Th series from the
cutaneous application of different sand baths ofadega by
adult female and male for 15 min a day during ot per
year, inTable 5 and Table 6, respectively. Besides, obtained
data forthe equivalent doses to the epidermis kih s
(Svy'cm?), due to thé*®U and®?Th series from the
cutaneous application of different sand baths ofZdega by
adult female and male for 15 min a day during twanths per
year, inTable 7 andTable 8, respectively. It is to be noted that
the equivalent doses to the epidermis of the skirfemale
adults always greater than those received by ndésa This
is due to the skin surface of female adults whiclower than
that of male adults (§.=1.90 16 cn? for the adult male.
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Suin = 1.66 16cnt for adult female) [2] and that the equivalent  the **®U and #°Th series was found equal {6.148+0.011)

doses to the epidermis of skin are inversely priaggual to the mSv y'cm?, obtained for an adult female who spends 15
skin surface. We also note that the equivalent slase more minutes each day in the sand bath for two monthsciwis
important when the exposure time is higher. Theissizal significantly smaller than the dose limit to theirskor the
relative uncertainty of the equivalent dose isneated to be members of the public&0 mSv y'cmi?) [2].

about 9%. A maximum total equivalent dose to the dkie to

Table 2. Data obtained for the?*®U and 2*2Th contents in different sand samples.

Sand samples Pg" x10° PE"x10° C(*) C(*Th) Ac(*U) Ac(***Th)

(tr em?sY) (tr om?sY) (ppm) (ppm) (mBa/cn) (mBa/cn)
S1 56.5+2.82 218.40+10.92 16.92+0.84 12.62+0.63 B326.64 82.79+4.13
S2 57.01+3.42 220.40£13.22 17.05+1.02 12.92+0.77 335.54+20.13 84.75+5.08
S3 56.90+4.55 219.99+17.59 17.01+1.36 12.80+1.02 4.78326.78 83.97+6.71
S4 56.20+2.81 217.10+10.85 16.90+0.84 12.26+0.61 332.59+16.62 80.43+4.02
S5 56.8+3.4 219.60+13.17 16.99+1.01 12.77+0.76 F3£20.06 83.77+5.02
S6 65.68+4.59 219.10+15.33 16.97+1.18 12.75+0.89 3.99323.37 83.11+5.81
S7 65.85+5.26 219.75+17.58 17.01+1.36 12.67+1.01 4.78326.78 83.12+6.64
S8 65.56+3.27 219.03+10.95 17.02+0.85 12.79+0.63 4.9%316.74 83.90+4.19
S9 65.60+3.93 218.75+13.12 16.96+1.01 12.85+0.77 3.73320.02 84.3045.05
S10 64.80+4.53 218.76+15.31 16.98+1.18 12.62+0.88 34.1%5+23.39 82.78+5.79

Table 3. Equivalent doses to the epidermis of skin () (EP) expressed in Svycm? due to all residual energies of an alpha-particlef index
j and initial energy E,; belonging to the?% series from the cutaneous application of differemsand baths of Merzouga by an adult female
for 15 min a day during one week per year

Sand HZ) H(*Th) H(***) H(**Ra) H(**%o) HERn) H(*®Po) HE“Po) H(U)(EP)
samples  (10%svy'em?) (10°Svy'em?) (10°Svy'em? (10%°Svylcm? (10%Svylcm? (10%Svylem? (10%Svylem?) (10%Svylem?  (uSv y'ecm?)

S1 290 322 307 326 356 364 14.52 154 19.76+1.59
S2 292 325 309 328 359 367 14.63 155  19.92+1.60
S3 291 324 308 327 358 366 14.60 155 19.87+1.59
® S4 289 322 306 325 356 364 14.50 154  19.74+1.58
© S5 291 323 308 327 358 366 14.58 155 19.85+1.59
EEI-: S6 290 323 308 327 357 365 14.56 155 19.82+1.59
S7 291 324 308 327 358 366 14.60 155 19.87+1.59
S8 291 324 309 328 358 366 14.61 155 19.88+1.60
S9 290 323 308 327 357 365 14.55 155 19.81+1.59
S10 291 323 308 327 357 365 14.57 155 19.83+1.59
S1 253 281 268 285 311 318 12.69 135 17.27+1.39
S2 255 284 270 287 314 321 12.78 136  17.40+1.40
S3 254 283 270 286 313 320 12.75 136 17.36+1.39
S4 253 281 268 284 311 318 12.67 135  17.25+1.38
% S5 254 283 269 286 312 319 12.74 135 17.34+1.39
= S6 254 282 269 286 312 319 12.72 135 17.32+1.39
S7 254 283 270 286 313 320 12.75 136 17.36%1.39
S8 255 283 270 286 313 320 12.76 136 17.37+1.39
S9 254 282 269 285 312 319 12.72 135 17.31+1.39
S10 254 282 269 286 312 319 12.73 135 17.33+£1.39
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Table 4. Equivalent doses to the epidermis of skin Aip) (EP) expressed in Sv ycm? due to all residual energies of an alpha-particlef
index j’ and initial energy E,; belonging to the 232Th series from the cutaneous plication of different sand baths of Merzouga by aradult
female for 15 min a day during one week per year

Sand H(*2Th) H(**®Th) H( *Ra) H *Bi) H (**Rn) H(*%Po) HE%Po) H(Th)(EP)
samples  (10%v ylcm? (108 Sv y'emd) (108 Sv y'emd) (10® Sv y'em?) (10°Sv y'cmd) (10%%sv ylem?)  (10%Sv ylem?) (uSV y'em?)
S1 278 363 379 77.80 45.32 138.1 251 11.01+0.89
S2 280 366 382 78.40 45.66 139.2 2.53 11.10+0.89
S3 280 365 381 78.22 45.56 138.9 2.53 11.07+0.89
© S4 278 362 378 77.71 45.26 138.0 2.51 11.00+0.88
g S5 279 364 380 78.12 45.50 138.7 2.52 11.06+0.89
g S6 279 364 380 78.03 45.45 138.5 2.52 11.04+0.89
S7 280 365 381 78.21 45.56 138.9 2.53 11.07+0.89
S8 280 365 381 78.26 45.58 138.9 2.53 11.08+0.89
S9 279 364 380 77.98 45.42 138.5 2.52 11.04+0.89
S10 279 364 380 78.08 45.48 138.6 2.52 11.05+£0.89
S1 243 317 331 67.97 39.59 120.7 2.20 9.62+0.77
S2 245 320 334 68.50 39.90 121.6 2.21 9.70+0.78
S3 244 319 333 68.34 39.80 121.3 2.21 9.67+0.78
S4 243 317 331 67.89 39.55 120.5 2.19 9.61+0.77
% S5 244 318 332 68.26 39.76 121.2 2.21 9.66+0.78
= S6 244 318 332 68.18 39.71 121.0 2.20 9.65+0.78
S7 244 319 333 68.33 39.80 121.3 2.21 9.67+0.78
S8 245 319 333 68.38 39.83 121.4 2.21 9.68+0.78
S9 244 318 332 68.13 39.69 121.0 2.20 9.64+0.78
S10 244 318 332 68.21 39.73 1211 2.20 9.66+0.78

Table 5. Equivalent doses to the epidermis of skin () (EP) expressed in Svycm? due to all residual energies of an alpha-particlef index
j and initial energy E,; belonging to the?%U series from the cutaneous application of differemsand baths of Merzouga by an adult female
for 15 min a day during one month per year

Sand H®Z) H(**Th) H( Z4) H(***Ra) H(*%Po) HE?Rn) H(*%Po) HE®Po) H(U)(EP)
samples (10%svylcm? (10%°Svy'ecm? (10°Svy'em?) (10%Svylem?) (10°Svylem?) (10%Svy'em?)  (10%Svylem?) (10%°Svy'em?)  (uSvy'ecm?)
S1 1085 1190 1226 1221 1333 1336 14.52 154 74.9345.
S2 1093 1199 1235 1230 1343 1346 14.63 155 74.6045.97
S3 1090 1197 1232 1227 1340 1343 14.60 155 74.98+5.
© S4 1083 1189 1224 1219 1332 1334 14.50 154  73.9415.92
E S5 1089 1195 1231 1226 1339 1342 14.58 155 74.93+5.
N S6 1088 1194 1229 1224 1337 1340 14.56 155 74.98+5.
S7 1090 1197 1232 1227 1340 1343 14.60 155 74.98+5.
S8 1091 1197 1233 1228 1341 1344 14.61 155 74.98+5.
S9 1087 1193 1229 1224 1336 1339 14.55 155 74.90+5.
S10 1089 1195 1230 1225 1338 1341 14.57 155 74.99+5
S1 948 1040 1071 1067 1165 1167 12.69 135 64.68+5.1
S2 955 1048 1079 1075 1174 1176 12.78 136 65.1745.22
S3 953 1046 1077 1072 1171 1174 12.75 136 65.02+5.2
S4 947 1039 1070 1065 1163 1166 12.67 135 64.6045.17
% S5 952 1044 1075 1071 1170 1172 12.74 135 64.90+5.2
= S6 951 1043 1074 1070 1168 1171 12.72 135 64.89+5.1
S7 953 1046 1077 1072 1171 1173 12.75 136 65.02+5.2
S8 953 1046 1077 1073 1172 1174 12.76 136 65.06+5.2
S9 950 1043 1074 1069 1168 1170 12.72 135 64.89+5.1
S10 951 1044 1075 1070 1169 1171 12.73 135 64.90+5.
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Table 6. Equivalent doses to the epidermis of skin Aip) (EP) expressed in Sv ycm? due to all residual energies of an alpha-particlef
index j’ and initial energy E,; belonging to the?®*Th series from the cutaneous application of diffenet sand baths of Merzouga by an adult
female for 15 min a day during one month per year

Sand H(*2Th) H(**®Th) H( *Ra) H (i) H (*%Rn) H(*%Po) HE%Po) H(Th)(EP)
samples  (10%sv y*cm?) (10% svy'em? (10 Svy'ecm?) (10%svy'em?  (10°Svy'cm?)  (102Svy'cm? (10 Svy'cm?d (MSv y*cm?)
S1 1042 1359 1419 103.74 45.32 138.1 251 39.23+3.1
S2 1050 1370 1430 104.53 45.66 139.2 2.53 39.58+3.17
S3 1047 1366 1427 104.29 45.56 138.9 2.53 39.48+3.1
© S4 1040 1358 1418 103.62 45.26 138.0 251 39.23+3.14
g S5 1046 1365 1425 104.17 45.50 138.7 2.52 39.48+3.1
g S6 1045 1363 1424 104.05 45.45 138.5 2.52 39.38+3.1
S7 1047 1366 1427 104.29 45.56 138.9 2.53 39.48+3.1
S8 1048 1367 1428 104.35 45.58 138.9 2.53 39.57+3.1
S9 1044 1362 1423 103.98 45.42 138.5 2.52 39.33+3.1
S10 1045 1364 1424 104.10 45.48 138.6 2.52 39.46+3.
S1 910 1188 1240 90.63 39.59 120.7 2.20 34.31+£2.75
S2 917 1197 1250 91.33 39.90 121.6 2.21 34.58+2.77
S3 915 1194 1247 91.12 39.80 121.3 2.21 34.50+2.76
S4 909 1186 1239 90.53 39.55 120.5 2.19 34.2742.75
% S5 914 1192 1245 91.01 39.76 121.2 2.21 34.46+2.76
= S6 913 1191 1244 90.90 39.71 121.0 2.20 34.42+2.76
S7 915 1194 1247 91.12 39.80 121.3 2.21 34.50+2.76
S8 916 1195 1248 91.17 39.83 121.4 2.21 34.52+2.77
S9 912 1190 1243 90.85 39.69 121 2.20 34.40+2.76
S10 913 1192 1245 90.96 39.73 121.1 2.20 34.44+2.76

Table 7. Equivalent doses to the epidermis of skin(d)) (EP) expressed in Svcm? due to all residual energies of an alpha-particlef index
j and initial energy E,; belonging to the?3 series from the cutaneous application of differemsand baths of Merzouga by an adult female
for 15 min a day during two month per year

Sand H®U) H(**Th) H(®U) H(***Ra) H(*%Po) HERn) H(*®*Po) HE“Po) H(U)(EP)
samples (10%svy'cm? (10%Svylem? (10%Svylem? (10%Svylem?  (10%Svylem?  (10%Svylem?  (10%Svylem?)  (10%°Svylem?)  (uSvylem?d)
S1 2169 2364 2451 2440 2664 2598 14.52 154 1461996
S2 2186 2382 2470 2459 2685 2618 14.63 155 148.12+11.85
S3 2180 2377 2464 2454 2679 2612 14.60 155 14717831
° S4 2166 2361 2448 2438 2661 2595 14.50 154 146.82+11.75
c_Ers S5 2178 2374 2461 2451 2675 2609 14.58 155 14716811
2 S6 2175 2371 2458 2448 2672 2606 14.56 155 1471481
S7 2180 2377 2464 2453 2678 2612 14.60 155 14717831
S8 2182 2378 2466 2455 2680 2614 14.61 155 14718831
S9 2174 2370 2457 2446 2671 2604 14.55 155 14713491
S10 2177 2372 2460 2449 2674 2607 14.57 155 147158%
S1 1895 2066 2141 2132 2328 2270 12.69 135 12801281
S2 1910 2081 2158 2149 2346 2287 12.78 136 129.41+10.36
S3 1905 2077 2153 2144 2340 2282 12.75 136 129001231
S4 1893 2063 2139 2130 2325 2267 12.67 135 128.27+10.27
(i; S5 1903 2074 2150 2141 2337 2279 12.74 135 1280821
= S6 1901 2072 2148 2139 2335 2277 12.72 135 12808811
S7 1905 2077 2153 2144 2340 2282 12.75 136 12901331
S8 1906 2078 2154 2145 2342 2284 12.76 136 12901941
S9 1899 2070 2147 2137 2333 2275 12.72 135 1280731
S10 1902 2073 2149 2140 2336 2278 12.73 135 1280882
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Table 8. Equivalent doses to the epidermis of skin Aip) (EP) expressed in Sv ycm? due to all residual energies of an alpha-particlef
index j’ and initial energy E,; belonging to the?®*Th series from the cutaneous application of diffenet sand baths of Merzouga by an adult
female for 15 min a day during two months per year

sand H(%2Th) H(?2Th) H( 2%Ra) H (*3Bi) H (*Rn) H(®%Po) HE%Po) H(Th)(EP)
samples  (10%sv y'cm?) (10% svy'em? (10 Svy'ecm?) (10%svy'em?  (10°Svy'cm?)  (102Svy'cm? (10 Svy'cm?d (MSv y*cm?)
S1 2083 2717 2838 104.35 45.32 138.1 2.51 77.4616.2
S2 2099 2738 2860 105.15 45.66 139.2 253 78.0616.25
S3 2094 2732 2853 104.91 45.56 138.9 2.53 77.8816.2
° S4 2080 2714 2835 104.23 45.26 138.0 2.51 77.3746.19
g S5 2091 2729 2850 104.78 45.50 138.7 2.52 77.7816.2
& S6 2089 2725 2847 104.66 45.45 1385 2.52 77.6946.2
s7 2094 2732 2853 104.90 45.56 138.9 2.53 77.8346.2
S8 2095 2734 2855 104.97 45.58 138.9 2.53 77.92+6.2
S9 2088 2724 2845 104.60 45.42 1385 2.52 77.6816.2
S10 2090 2727 2848 104.72 45.48 138.6 252 77.2216.
S1 1820 2374 2480 91.17 39.59 120.7 2.20 67.6815.42
S2 1834 2392 2499 91.87 39.90 121.6 2.21 68.2045.46
S3 1829 2387 2493 91.66 39.80 121.3 221 68.0415.45
S4 1818 2371 2477 91.06 39.55 120.5 2.19 67.605.41
° S5 1827 2384 2490 91.55 39.76 121.2 221 67.9645.44
p= S6 1825 2381 2487 91.44 39.71 121.0 2.20 67.8815.44
S7 1829 2387 2493 91.65 39.80 121.3 221 68.0415.45
S8 1831 2388 2495 91.71 39.83 121.4 221 68.0815.45
S9 1824 2380 2486 91.39 39.69 121.0 2.20 67.8415.43
S10 1826 2383 2489 91.49 39.73 121.1 2.20 67.9245.4
Conclusion equivalent doses to the skin due to the alpha-emittuclei of

the 28U and®?Th series increase with the application time of
the studied materials. One can conclude that therao
radiation hazard to the sensitive basal layer ef @épidermis
from the application of sand baths by the patients.
Nevertheless, we can take into account the stacheBects
which do not have a threshold dose and can appebrwa
doses. For this reason, we recommend people having
undergone a rheumatism treatment to reduce asdqussible
their spent time in sand baths.

In this work, it has been shown that the use of3%Rand
LR-115 type Il solid-state nuclear track detectorsNEBs)
allows evaluation of®®U and #?Th alpha activities per unit
volume in various sand samples. This method used tia
advantage of being inexpensive, accurate, and tsensind
does not need the use of standard sources foalitwation. It
is a useful tool for measurirffU and®**Th concentrations in a
sand material sample. A personalized dosimetric ahdds
been developed in order to assess radiation dostd®tskin
due to the alpha-emitting nuclei of th®U and ?**Th series
from the application of sand baths. It is concludisct
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