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Sunscreen Properties of Marl
Kitkanya Benjatikul, Hansa Mahamongkol, and Paveena Wongtrakul＊

Faculty of Pharmaceutical Sciences, Huachiew Chalermprakiet University, 18/18 Thepharat (Bang Na-Trad) Road Km. 18, Bang Chalong Sub-
district, Bang Phil District, Samuthprakarn Province 10540, THAILAND

1  Introduction
The exposure of unprotected skin to solar ultraviolet

（UV）radiation, especially UVA and UVB rays, causes skin 
inflammation, photoaging1）, and erythema2）. In addition, it 
may cause DNA abnormality in human skin cells, which di-
rectly leads to skin cancer3）. The scientific evidence of the 
harmful effects of UV radiation provides a compelling 
reason for applying sun protection products to protect the 
skin from both UVA and UVB radiation. Consequently, 
broad-spectrum sun protection products refer to products 
that have a critical wavelength value of at least 370 nm, 
which leads to a breadth of protection from both UVB and 
UVA radiation. The UV absorbers are properly combined to 
achieve broad protection activity for commercial products. 
Titanium dioxide and zinc oxide are preferable UVA ab-
sorbers because of their efficiency and low irritation. They 
primarily absorb UV radiation and to a lesser extent act by 
reflection and scattering the radiation4）. However, these in-
organic mineral UV absorbers, which function well at re-
flecting light, tend to be opaque and white colored on the 
skin, which is unfavorable for cosmetics unless nanosized 
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powder is employed. Chemical UV filters are always used 
in combination because no single active agent provides a 
wide range of UV protection. Their modes of action are 
related to chemical changes in their molecules that prevent 
UV radiation from reaching the skin. Some chemical UV 
filters are effective but not photostable, such as avoben-
zone. They require the use of quenchers or other ingredi-
ents and technologies for photostabilization5）. 

Calcium carbonate（CaCO3）is the main component of 
limestone. It is applied on the skin of fruits and crops for 
sunburn protection. Particle films of CaCO3 tend to reduce 
the incident radiation that could damage the skin of 
fruits6）. Marl is a white natural substance that is classified 
in the group of limestone, which is generally found under-
lying peat bogs. It consists of CaCO3 mixed with clay or 
sand. Marl is a common soil that can be found in Southeast 
Asia. Since the major component of marl is CaCO3, it might 
be possible to use marl as a functional ingredient in sun-
screen products. 

Moreover, purified marl has been widely used in tradi-
tional medicines to cure rashes, heat rash, itching, or skin 

Abstract: The physicochemical and sunscreen properties of marl as a function of particle size were 
investigated. The research findings established that the marl under investigation consisted of more than 
95% calcium carbonate (CaCO3). The particles of marl inspected under a scanning electron microscope 
were calcite, which is the stable polymorph of CaCO3, with a rhombohedral structure. The particle size 
classification by the sieving method showed that grinding using a ball mill could downsize the marl particles 
by 2 to 3 times, reaching below 15 µm on average. Marl particles showed a tendency to reflect ultraviolet A 
(UVA) rays rather than UVB rays and a possibility to steadily absorb both UVAII and UVAI. Finer particles 
obtained after a longer grinding process demonstrated higher efficacy regarding UV reflection and 
absorption properties. The 3 wt.% marl displayed a sun protection factor (SPF) value of 1 to 2. However, 
marl demonstrated a good ability to protect against radiation over a broad spectrum range with a critical 
wavelength above 370 nm. The addition of marl in the formulation containing avobenzone and octinoxate 
had a positive synergistic effect because the marl was able to increase the UV absorbance efficacy (based on 
the area under the curve (AUC) value) and SPF value of the cream. Furthermore, it was also discovered that 
the added marl powder could slow the decrease in UV protection efficacy of the products in terms of the 
AUC calculated from the absorbance profile after exposure to simulated UV rays with an amplitude range 
of 10 J/cm2 to 40 J/cm2 for 30 min, which was similar to the results obtained from octocrylene and 
bemotrizinol.

Key words: marl, calcium carbonate, sun protection properties, photostability, reflection, absorption, SPF
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diseases since ancient times7）. Nevertheless, there are few 
studies on the sun protection properties of marl. In this 
study, the sun protection properties of marl were investi-
gated and mixtures of avobenzone/octinoxate and marl 
powder were activated through simulated irradiation so 
that the influence of marl and its particle size on the per-
formance and stability of avobenzone/octinoxate-based 
cream could be determined.

2  Experimental Procedures
2.1  Materials

Marl powder was purchased from Tha Phra Chan Co., 
Ltd., Thailand. Octocrylene, propylene glycol, xanthan 
gum, edetate disodium, cetyl alcohol, and cyclopentasilox-
ane were purchased from Sinthai Chemicals & Trading 
Ltd., Thailand. Bis-ethylhexyloxyphenol methoxyphenyl 
triazine（bemotrizinol）was purchased from The Sun Chemi-
cal Co., Ltd., Thailand. Ethylhexyl methoxycinnamate（oc-
tinoxate）was purchased from Chemico Inter Corporation 
Co., Ltd., Thailand. Butylmethoxy dibenzoylmethane（avo-
benzone）, steareth-21, steareth-2, dicaprylyl carbonate, 
and decyl cocoate were purchased from The Real Three 
Co., Ltd., Thailand. Carbopol Ultrez 10 was purchased from 
Chem Sources Ltd., Thailand. Phenoxyethanol was pur-
chased from Bronson & Jacobs International Co., Ltd. and 
triethanolamine was purchased from ROSRIN Cosmetics & 
Spa Ingredients, Thailand.

2.2  Apparatus
The efficacies of the samples in the absorption and 

transmission of UV rays ranging from 280 nm to 400 nm 
were measured using a Labsphere UV-2000S UV transmit-
tance analyzer（Labsphere Inc., NH, USA）, and the reflec-
tion of radiation in the range of 200 nm to 1,000 nm was 
measured using a Cary 5000 UV-Vis NIR spectrophotome-
ter（Agilent Technologies, CA, USA）. The measurement of 
the refractive index（RI）was conducted using an automatic 
digital RX-5000α refractometer（Atago Co., Ltd., Japan）. 
The shapes of the particles were observed using a scanning 
electron microscope（SEM）model JSM-5410 LV（JEOL, 
Ltd., Japan）. The particle sizes were measured using a 
Malvern Master X particle size analyzer（Malvern Panalyti-
cal, UK）. A Q-Sun Xenon test chamber model Xe-1（Q-Lab 
Corporation, Germany）was used as the radiation simulator.

2.3  Measurements
2.3.1  Particle size reduction

A 500 g marl sample that had been cleaned with gamma 
rays was winnowed by mesh with the slope of the holes 
ranking from 100 mesh to 400 mesh and the size of the 
holes ranging from 37 μm to 149 μm. After, the marl 
powder on each sieve was observed under the SEM. 

Particle size reduction of the marl sample（200 g）collect-
ed in the lowest shelf of the sieve was conducted by a ball 
mill. Various sizes and numbers of ceramic balls were filled 
into a plastic bottle according to the planetary ball milling 
guidelines. The milling speed was set at 1,450 rpm with 
continuous rotation for 8, 24, 36, and 48 h. 
2.3.2   Determination of the particle size and shape of the 

marl
Microscopic images of the marl particles were observed 

under the SEM. First, 0.5 g of marl powder was mounted 
on a stub with an adhesive. Then, the stub was blown to 
remove the excess powder and coated with an Au-Pd alloy. 
The samples were observed under the microscope at 20 kV 
with magnification up to 5,000x.

The particle sizes of the marl, titanium dioxide, and 
CaCO3 were measured using the Malvern particle sizer. The 
light sources were in two sets, namely helium-neon and 
argon, which allowed the measurement of the particle sizes 
in the range of 0.02–600.00 mm.
2.3.3   Determination of the physicochemical properties of 

marl
2.3.3.1  Chemical analysis of marl

The method of chemical analysis of the marl sample was 
adopted from the study of Balog et al.8）. The analysis was 
performed using a SEM coupled with energy dispersive 
X-ray（EDX）spectroscopy. The elemental composition of 
the marl sample expressed as oxides was determined by an 
X-ray detector attached to the SEM. The X-ray diffractom-
eter（XRD）measurement of marl and CaCO3 was performed 
using a Rigaku TTRAX III X-ray diffractometer（D/max-
2500/PC）under an N2 atmosphere in the temperature range 
of 40℃ to 80℃ with a heating rate of 10℃/min.
2.3.3.2  Physical properties of marl

The pH of 10％ w/v marl suspension in deionized water 
was measured using a pH meter（Eutech pH 150）at 30℃. 

The tapped density of the marl powder was determined 
using a graduated 250 mL cylinder with a mechanical 
tapping machine（SVM 12, Erweka GmbH, Germany）ac-
cording to General Chapter 616 Bulk Density and Tapped 
Density of Powders of USP 38. 

The water content in the marl powder was measured 
using a moisture analyzer（OHAUSTM MB25, USA）equipped 
with a halogen lamp. The first 5 g of marl powder was 
placed on the plate and the remaining weight was mea-
sured after being dried by heating. The moisture content in 
the samples was then automatically calculated. 
2.3.4  Measurement of the refractive index

The RI values of marl powder, titanium dioxide, and 
CaCO3 were measured using the Atago RX-5000 digital re-
fractometer（Atago, Japan）at 20℃. The samples were pre-
pared in a mixture of 90％ glycerol in the water at a final 
concentration of 3％ w/w according to the method modi-
fied from Niskanen et al.9）.
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2.3.5   Measurement of reflection-absorption spectra, in vi-
tro sun protection factor, and critical wavelength

Samples of marl, titanium dioxide, and CaCO3 were pre-
pared and tested at 3％ w/w suspended in glycerol. The re-
flection spectra were measured using a UV-Vis-NIR spec-
trophotometer. The spectrophotometer was set to scan a 
wavelength range of 200–1,000 nm with 1 nm increments. 
The scanning was set at a 0.5 s integration time and 0.5 s 
setting time per wavelength.

The absorbance profiles and sun protection factor（SPF）
of the marl samples were measured using a UV transmit-
tance analyzer（Labsphere UV-2000S, Labsphere Inc., NH, 
USA）. Briefly, the transmission measurements from 240 
nm to 400 nm were conducted on substrate（polymethyl-
methacrylate（PMMA）plates, HelioScreen Laboratories）
and substrate plus the testing sample（2 mg/cm2）. The ra-
diation transmittance of the samples was determined by 
the difference between the two measurements, and the at-

tenuation was the reciprocal of the transmittance. 
The in vitro UVA protection measurement was based on 

the absorbance-by-wavelength curves. The critical wave-
length is the shortest wavelength for which the area under 
the curve（AUC）from 290 nm to that wavelength is equal to 
90％ of the total area.
2.3.6  Photostability assessment

The model formula contained the ingredients in accor-
dance with the referential formula of sunscreen products 
in the manual for analysis of efficacy in UV ray protection 
according to COLIPA 2011（Table 1）. All formulations were 
water-in-oil emulsions prepared using a 5％ PEG-12 di-
methicone cross-polymer as the emulsifier and 5％ avoben-
zone and 3％ octinoxate as the UVA and UVB absorbers, 
respectively. The oil phase and water phase were separate-
ly warmed to 70℃. The oil phase was added to the water 
phase under constant homogenization at 10,000 rpm for 3 
min. Phase 3 was then added under the homogenization 

Table 1　Compositions of the testing formula. 

Amount by weight (% w/w)

S2 S2-1 M1
S2-1 

+BM0
S2-1 

+BM8
S2-1 

+BM24
S2-1 

+BM36
S2-1 

+BM48
Phase 1 

Water 62.44 67.44 72.44 64.44 64.44 64.44 64.44 64.44

Propylene glycol  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00

Xanthan gum  0.60  0.60  0.60  0.60  0.60  0.60  0.60  0.60

Carbopol Ultrez 10  0.15  0.15  0.15  0.15  0.15  0.15  0.15  0.15

Disodium EDTA  0.08  0.08  0.08  0.08  0.08  0.08  0.08  0.08

Marl － －  3.00  3.00  3.00  3.00  3.00  3.00
Phase 2 

Octocrylene  3.00 － － － － － － －
Butylmethoxy dibenzoylmethane 
(Avobenzone)

 5.00  5.00 －  5.00  5.00  5.00  5.00  5.00

Ethylhexyl methoxycinnamate 
(Octinoxate)

 3.00  3.00 －  3.00  3.00  3.00  3.00  3.00

Bis-ethylhexyloxypbenol Methoxy-phenyl 
triazine (Bimotrizinol)

 2.00 － － － － － － －

Cetyl alcohol  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00

Steareth-21  2.50  2.50  2.50  2.50  2.50  2.50  2.50  2.50

Steareth-2  3.00  3.00  3.00  3.00  3.00  3.00  3.00  3.00

Dicaprylyl carbonate  6.50  6.50  6.50  6.50  6.50  6.50  6.50  6.50

Decyl cocoate  6.50  6.50  6.50  6.50  6.50  6.50  6.50  6.50

Phenoxyethanol  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00
Phase 3

Cyclopentasiloxane  2.00  2.00  2.00  2.00  2.00  2.00  2.00  2.00

Triethanolamine  0.23  0.23  0.23  0.23  0.23  0.23  0.23  0.23

Note : BM0 : marl powder without grinding process; BM8 : marl powder after grinding for 8 hr., BM24 : marl powder after grinding for 24 hr., 
BM36 : marl powder after grinding for 36 hr., BM48 : marl powder after grinding for 48 hr.
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speed of 20,000 rpm for 10 min.
The photostability of avobenzone and octinoxate in the 

product vehicles was evaluated by means of the change in 
the absorbance profiles after UV exposure. The product 
films were prepared on a PMMA plate and irradiated with 
increments of 10, 20, 30, or 40 J/cm2 each for 30 min. Prior 
to and after each successive increment of UV ray exposure, 
the absorbance profiles of each substrate were analyzed 
and used to calculate the AUC. Photostability was then 
monitored by following the changes in the area under the 
UVB and UVA spectral regions as a function of UV ray 
doses. 

3  Results
3.1  Particle shape and size of the marl

The marl used in this study was fine powder with a pale 
brown color. The winnowing process by sieves made the 
marl powder become finer and lighter in color. Approxi-
mately 48.7％ of the marl powder was found at the lowest 
shelf of the mesh system, and the impurities were com-
pletely removed from the marl sample. The continuous 
grinding by the ball mill for 36 h and 48 h significantly 
downsized the particle size of the marl（p ≤ 0.05）. The 
average particle size was decreased from 43.10 μm to 
20.30, 23.90, 13.19, and 13.43 μm after grinding for 8, 24, 
36, and 48 h, respectively（Table 2）. The marl powder in-
spected under the SEM was in the shape of rhombohedral 
crystals（Fig. 1）. The sharp edge of the rhombus shape 
became substantially dull after the grinding process. 

3.2  Physicochemical properties of marl
EDX spectroscopy was used to analyze the chemical 

components in the marl. The concentration of each com-

Table 2　�The average particle size of titanium dioxide 
and marl samples after grinding by the ball mill.

Samples Grinding time 
(hours)

Particle size 
(μm)

Titanium dioxide － 30.00
Calcium carbonate － 60.40
Marl (BM0)  0 43.10
Marl (BM8)  8 20.30
Marl (BM24) 24 23.85
Marl (BM36) 36 13.19
Marl (BM48) 48 13.43

Fig. 1　Electron microscope images of marl powder after grinding by the ball mill for（a）8 h, （b）24 h, （c）36 h, and（d）48 h.

Table 3　 Chemical constituents in the studied marl 
powder analyzed by Energy Dispersive X-Ray 
Spectroscopy attached to SEM.

Constituents
Amount (% w/w)

Marl CaCO3

CaCO3 96.21 98.83
SiO2  2.32  0.47
Al2O3  0.72  0.27
Fe2O3  0.38 ND
MgO  0.37  0.43

ND＝not detected
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pound found in the marl sample is presented in Table 3. 
The marl powder contained 96％ CaCO3 and sequentially 
smaller amounts of other elements, such as silicon dioxide
（SiO2）, aluminum oxide（Al2O3）, ferric oxide, and magne-
sium oxide（MgO）. Meanwhile, CaCO3 powder contained 
more than 98％ CaCO3 and trace amount of SiO2, Al2O3, 
and MgO.

Figure 2 depicts the XRD patterns of marl in comparison 
with those of CaCO3 powder. Similar to CaCO3 powder, 
marl powder exhibited 2θ diffraction peaks at 29.476°, 
39.434°, 43.170°, 47.720°, and 48.614°. 

The dispersion of marl in deionized water had alkaline 
properties with a pH range of 8–9. The grinding process 
slightly decreased the moisture content in the marl, which 

Fig. 2　 X-ray diffraction patterns of calcium carbonate powder（A）and marl powder after grinding by the ball mill for 0 h, （C）
8 h, （D）24 h, （E）36 h, and（F）48 h. 
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became constant at 0.5％ after continuous grinding for 8 h 
or more. The tapped density of the marl powder gradually 
increased from 0.98 g/mL to 1.12 g/mL after the continuous 
grinding process（Table 4）. 

3.3  Sunscreen properties of marl
The study on the sun protection properties of marl was 

performed at 3％ w/w in testing samples according to our 
preliminary study. It was found that marl and CaCO3 
powder could reflect light with a wavelength range from 
200 nm to 1,000 nm. However, they could reflect UVA rays
（320–400 nm）better than UVB rays（290–320 nm）（Fig. 
3A）. Almost 40％ of the incoming radiation was reflected 
beyond the wavelength of 320 nm. Meanwhile, titanium 
dioxide apparently showed a higher level of UVA ray reflec-
tion with less UVB reflection in comparison with those of 
marl. The absorbance and transmission profiles（Fig. 3B, 
C）indicated that marl and CaCO3 powder showed low 
levels of radiation absorption in the UV range with high 
levels of transmission. However, the smaller particles of 
marl as a result of longer grinding time providing greater 
efficacy in UV ray reflection and absorption with lower 
transmission compared with those of CaCO3 powder. By 
contrast, titanium dioxide showed lower UVA and higher 
UVB absorption in comparison with those of the marl 
ground for 48 h. 

The RI of marl as a function of particle size is shown in 
Fig. 4. It clearly shows that the RI of marl was significantly 
lower than that of titanium dioxide. The SPF values and 
critical wavelength indicating the UVB and UVA protection 
efficacy of marl are presented in Table 5. The results 
showed that marl had a relatively low UVB protection 
property at 3％ w/w, while the critical wavelength was 
greater than 387 nm. The size reduction of the marl 
powder resulted in an increase in the SPF value and a de-
crease in the critical wavelength. Unlike marl, CaCO3 
powder showed negligible values of SPF and AUC（Table 
5）. 

3.4  Photostability 
The assessment of the resistance of the avobenzone/oc-

tinoxate-based creams after UV irradiation ranging 
between 290 nm and 400 nm with a radiation dose of 10, 
20, 30, and 40 J/cm2 for 30 min led to the finding that the 

radiation absorbance values at all wavelengths decreased 
when the magnitude of UV rays increased. Consequently, 
the percentage loss of AUC, which was calculated from the 
absorbance-by-wavelength profiles, was significantly in-
creased as the UV dose increased（Fig. 5）. The addition of 
octocrylene and bemotrizinol into the avobenzone/octinox-
ate-based cream showed the highest resistance to UV rays, 
while the avobenzone/octinoxate-based cream showed the 
greatest loss of UV absorbance efficacy. When the creams 
were mixed with marl with a smaller particle size, a lesser 
decline in the radiation absorbance efficacy after irradia-
tion activation was clearly observed. 

4  Discussion
Inorganic sunscreens, namely zinc oxide and titanium 

dioxide, are popular because as insoluble particulates, they 
lay on top of the skin and are not absorbed systemically. 
For this reason, they are generally perceived as safer than 
chemical sunscreens. However, these two particular metal 
oxides are known to generate highly oxidizing radicals（OH－ 
and O2）and other reactive oxygen species, such as H2O2 
and singlet oxygen10, 11）, which are known to be cytotoxic 
and genotoxic12）. Therefore, titanium dioxide is coated with 
Al2O3 or silica for sun protection applications in order to 
prevent oxygen radical formation13）. Therefore, the attempt 
to determine natural, safe, and eco-friendly substances still 
attracts the attention of researchers. Marl is a material of 
interest because it is a naturally occurring substance that 
has been used as a skin cosmetic and therapeutic agent 
dating back to the Roman Empire7, 14）. The major compo-
nents of marl are CaCO3 with trace amounts of SiO2, alumi-
num silicates, iron oxide, and MgO. The SEM images of 
marl powder revealed its rhombohedral structure, which is 
a crystal habit of calcite15）. No needle-like crystals of arago-
nite were detected. Therefore, calcite was a major poly-
morph of CaCO3 found in the studied marl. Additionally, 
the XRD patterns of CaCO3 and marl powder exhibited 
peak characteristics of calcite（JCPDS 72-1651; 2θ diffrac-
tion peaks at 29.476°, 39.434°, 43.170°, 47.720°, and 
48.614°）, which is known as the most stable polymorph of 
CaCO3.

CaCO3 has been widely used as a particle film for appli-

Table 4　Some physical properties of marl after size reduction process by the ball mill.

Properties
Grinding time

0 hr. (BM0) 8 hrs. 
(BM8)

24 hrs. 
(BM24)

36 hrs. 
(BM36)

48 hrs. 
(BM48)

Moisture content (%) 0.6 0.5 0.5 0.5 0.5 
pH 8.5±0.02 8.1±0.01 8.5±0.02 8.3±0.01 8.9±0.01 
Density (g/mL) 0.98 1.04 1.06 1.12 1.12 
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cation on fruits and crops for sunburn protection16）. The 
temperature diminishing activity of CaCO3 film covering 
the surface of fruit peels relies on its reflective property17）. 
The results from this study also showed that marl attenu-
ated both UVA and UVB radiation via reflection and ab-
sorption properties. The solar responsive characteristics of 
marl were typical and different from those of titanium 
dioxide and zinc oxide. Marl powder tends to reflect UVA 
rays at a higher level than UVB rays. Additionally, the 

degree of UVB reflection of marl was higher than that of ti-
tanium dioxide. Marl showed a sharp decline in radiation 
absorption below 320 nm to a plateau in the UVA range; 
however, the absorption property of marl, as indicated by 
the AUC, was significantly lower than that of titanium 
dioxide. Titanium dioxide attenuated UVB radiation mostly 
via absorption while blocking the transmission of long UVA 
radiation by reflection, while the blocking of transmission 
of UVB and UVA radiation by marl was conducted by a 

Fig. 3　 Ultraviolet attenuation profiles of marl after grinding by the ball mill for 0 h（BM0）, 8 h（BM8）, 24 h（BM24）, 36 h
（BM36）, and 48 h（BM48）: （A）reflection spectra, （B）absorbance spectra, and（C）transmission spectra.
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combination of its absorption and reflection ability. The ap-
parently low SPF value was a result of the addition of 3 
wt.％ marl in the testing sample; nevertheless, CaCO3 
powder at this concentration showed much lower AUC and 
SPF values than those of marl powder. This implied that 
CaCO3 was not the only active substance that played a role 
in the sun protection properties of marl. The existence of 
other elements, such as SiO2, which is widely used as a 
flow aid or anti-caking agent in cosmetic products, may 
improve the sun protection properties of marl. 

It was clearly discovered that the smaller the marl 
powder, the better the marl could reflect and absorb UV 
radiation, thereby resulting in an increase in the SPF and a 
slight decrease in the critical wavelength. This finding may 
have been attributed to the large increase in the effective 
contact area of the marl particles exposed to the UV radia-
tion as a result of a decrease in the marl particle size and 
the effect of the close packing density of the smaller parti-
cles on the irradiated plates. 

The particle size reduction of marl by impact force in the 
continuously operated ball mill caused significant edge 
chamfering of the marl particles. Therefore, smoother ap-
plication with less scraping of the skin could be expected. 
Moreover, marl is a softer material as listed in the Mohs 
scale（calcite form of CaCO3: 3.0; zinc oxide: 4.5; titanium 
dioxide: 5.5–6.5）compared with titanium dioxide and zinc 

oxide18）. The general rule is that materials with a lower 
Mohs scale value are susceptible to scratching when 
applied on the skin. CaCO3 itself has poor particle disper-
sion, which makes it difficult to apply on the skin. The SiO2 
found in marl could improve the spreadability of the Ca-
CO3-rich marl powder. Furthermore, the significantly lower 
RI value of marl when compared with those of titanium 
dioxide and zinc oxide provided a higher degree of trans-
parency and less degree of whiteness.

Based on their chemical structures, metal oxides poten-
tially generated harmful radicals, while marl as a carbonat-
ed compound had alkaline properties. Therefore, purified 
CaCO3 is safe to consume for reducing stomach acidity. 
Under these circumstances, cream containing a smaller 
size of 3％ w/w of marl would have a higher pH value, 
which may be too alkaline for the skin. The incorporation 

Fig. 4　 Refractive index of marl powder after grinding by 
the ball mill for（a）8 h（BM8）, （b）24 h（BM24）, （c）
36 h（BM36）, and（d）48 h（BM48）.

Table 5　 The AUC（area under the curve of absorption profile）, Sun Protection Factors（SPF）and critical 
wavelength values of marl measured by Ultraviolet Transmittance Analyzer, Labsphere UV2000S）.

Attributes CaCO3

Grinding time
0 hr. 

(BM0)
8 hrs. 

(BM8)
24 hrs. 

(BM24)
36 hrs. 

(BM36)
48 hrs. 

(BM48)
AUC 0.16 3.58 2.34 6.05 4.54 9.15
SPF 0.91 1.15 1.33 1.28 1.83 1.79
Critical wavelength (nm.) 301.0 390.3 388.89 389.28 387.0 387.0

Fig. 5　 The percentage loss of area under the curve（AUC）
calculated from the absorbance-wavelength profile 
ranging from 290 nm to 400 nm of the testing 
formula after the exposure to ultraviolet（UV）rays 
with UV doses of 10, 20, 30, and 40 J/cm2 for 30 
min.
Note: BM0: marl powder without grinding; BM8: 
marl powder after grinding for 8 h; BM24: marl 
powder after grinding for 24 h; BM36: marl powder 
after grinding for 36 h; BM48: marl powder after 
grinding for 48 h.
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of a suitable amount of marl into formulations should be a 
point of concern.

A known problem with avobenzone, a UVA filter, and 
ethylhexyl methoxycinnamate（octinoxate）, a UVB filter, 
found in sun protection products is that they are photo-un-
stable. The enol form of avobenzone exhibits excellent 
UVA absorption at 357 nm while the diketo form is ineffec-
tive as a UVA and UVB filter. It has also been reported to 
fragment into inactive species when exposed to UV radia-
tion5）. When avobenzone is combined with octinoxate, it is 
further destabilized19）. In the presence of UV radiation, oc-
tinoxate molecule binds to avobenzone, thereby resulting 
in the formation of a structure that does not allow either 
octinoxate or avobenzone molecules to properly function. 
Therefore, it was found that the UV attenuation activity of 
the creams containing avobenzone and octinoxate de-
creased by 50％ after a UV radiation dose of 40 J/cm2 for 
30 min. The reason for the decrease in the AUC was a 
decline in the radiation absorption properties of the creams 
as a result of the photodegradation of the UV absorbers, 
namely avobenzone in the presence of octinoxate. The 
higher radiation doses caused higher photodegradation of 
the UV absorbers. According to the publication of Herzog 
et al.20）, who reported the behavior of UV absorbers under 
irradiation, it was found that a decrease in the amount of 
the effective form of avobenzone was observed when the 
UV irradiation dose increased. 

The addition of octocrylene（3％）and bemotrizinol（2％）
into the cream tended to retard the loss of protection such 
that after the irradiation, a decrease of only approximately 
20％ was detected. Similar findings have been published5, 21）. 
This photostabilization approach has been reported and is 
currently approved worldwide. 

Avobenzone is not approved in combination with titani-
um dioxide and zinc oxide because enhanced photodegra-
dation of avobenzone is observed in the presence of titani-
um dioxide, and no scientific evidence supports the 
synergistic UVA protection of avobenzone and zinc oxide11）. 
It was found from the study that 3 wt.％ marl incorporated 
in avobenzone/octinoxate-based cream could boost the 
SPF value of the formulations, and the loss of UV attenua-
tion ability after the intensive irradiation was rather low at 
a decrease of approximately 25–35％ compared with that 
of the initial cream. This photostabilization property was 
dependent on the particle size and concentration of marl. 
The specific solar property of marl was the radiation atten-
uation by steady absorption throughout the UVA range, 
which could not be detected from titanium dioxide. This 
meant that marl reduced the incident radiation that could 
destabilize the UVA filter avobenzone via absorption and 
reflection. 

5  Conclusion
The purpose of this work was to investigate the UV at-

tenuation characteristics of marl, which is a naturally oc-
curring substance composed of more than 95％ CaCO3 and 
trace amounts of SiO2 and Al2O3. Marl depicted a typical UV 
reflection-absorption spectrum, thereby indicating UV at-
tenuation properties. It was found that marl could act as a 
sun protection booster and photostabilizer in the avoben-
zone and octinoxate system. 
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