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Abstract: Three Arabian eye kohl brands were analyzed for the presence of lead and
cadmium using atomic absorption spectroscopy (AAS) and X-ray diffraction techniques. In
this work, the chemical analysis of the samples was studied according to the concentration
of heavy metals, solubility in different medium, reaction with KI, moisture, and organic
contents. XRD pattern proposed the presence of some crystalline material in an amorphous
background for all investigated brands. Mineral data analysis shows that the main minerals
found in the samples are Manganoshadlunite in Natural Arab Kohl (NAK), samarskite in
Natural Black Al-Athmod Kohl (NBAK), and kitaibelite in Black Al-Hashemi kohl (BHK).
Physical properties such as color, forms, touch, and transparency are nearly the same for all
samples but different in density, average pore diameter, and specific surface area. Atomic
absorption spectroscopy (AAS) showed that the average percentage of Pb was in the range
0.2411 to 6.173 %; and from zero to 0.0019 % for Cd. The maximum concentration of Pb
and Cd was found in Natural Arab Kohl (NAK) sample and is equal to 30.865 mg/g and 9.50
Mg/g respectively. The minimum concentration of heavy metal was found in Natural Black Al-
Athmod Kohl (NBAK) sample. Moisture was present in a very low percent (~ 1%) while
organics was being in a reasonable amount (maximum > 69%). All eye kohl brands are
soluble in acidic medium with different proportions and forms the yellow precipitate of Pbl:
when react with KI which is considered as a chemical evidence for the presence of lead. It is
highly recommended to use Natural Black Al-Athmod Kohl (NBAK) only because it has low
concentration of heavy metals (Pb and Cd), and has higher specific surface area. The risk
factor for using these type of eye kohl is very low. The higher surface area helps in
spreading the active ingredient leading to increase the treatability against eye disease.
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INTRODUCTION

Eye kohl has been used by girls and mature women in the Middle East, Far East and North
Africa cosmetically for eye makeup in many occasions, eye kohl has also been used for eye
treatments against some diseases. Traditionally, in many countries, eye kohl is applied to
newborn children; parents believe it works against pain and evil eyes [1, 2]. Most of the
traditional eye kohl in Libyan markets comes from Africa, Asia and Middle East and all are
made from stones contain elemental substances such lead, nickel, cadmium, and sulfur. Eye
kohl is naturally occurring from the major amount of mineral sulfide, minor amount of
mineral oxides and some of non-metals, especially carbon. The galena ore has a black-gray
color with a shiny surface which is often used for making traditional eye kohl [1]. High
considerations regarding the environment and human health in contact with heavy elements
have been discussed, it has been reported that many medical products cause health risk and
environmental contamination due to the presence of elements such as Pb, Hg, Cd, and Cr
[3]. Heavy metals such as cadmium, chromium, lead, and nickel are highly toxic to humans
and cause acute symptoms like nausea, vomiting, headache, and can damage kidneys and
the liver [4-6]. Several studies reported that a strong correlation between the use of eye
kohl and Pb levels in the human body and its relation to many diseases [7-10]. Lead
compounds are toxic by ingestion, inhalation, and by skin exposure. Children are more
prone to be affected by Pb than adults [11]. Lead toxicity has terrible effects on both
children and adult’s health, including intelligent quotient deficit, behavior disorder, impaired
hearing, and slowed growth [12-15]. Severe Pb poisoning resulting brain damage when
blood Pb concentration is about 70 ug/dL, the level usually proposed as the threshold for
encephalopathy [16]. Pb replaces iron in blood, and more than 90% of Pb in the blood were
found in the red cells and may cause severe illness, it has been reported that, in addition to
other factors, a significant relation refers to the use eye kohl and the development of
anemia [17, 18].

In recent studies, toxic heavy metals such as Hg, As, Cr, Se, and Pb have been detected
quantitatively in eye cosmetic samples [19, 20]. These studies highlight the toxicity and risk
of using such products. Many studies were done in North Africa and in the Middle East
regarding the composition of traditional eye kohl. Among these studies were conducted on
18 traditional eye kohl samples purchased from markets in Cairo, 6 samples were found to
be mainly PbS [1]. In Oman, 47 kohl samples were analyzed and reported that 14 of those
sampled contain Pb in different concentrations [21]. Another study of 21 eye kohl samples

was created in Saudi Arabia and Pb percentage was found between 2.9% and 34.1% in 4
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samples and more than 84% in 10 samples, while 7 samples did not contain Pb [22]. Eye
kohl products were studied in Tunisia, it was reported that Pb concentrations ranged
between 51.1 ug/g and 4839.5 ug/g while Cd concentrations ranged between 1.0 ug/g and
158.6 ug/g [23].

A research carried on a different samples of eye kohl collected from state of Libya, Egypt
and Kingdom of Saudi Arabia (KSA) and the results indicate that kohl samples are
contaminated with a significant concentrations of semi and heavy metals such as As, Cd, Hg,
and Pb [24]. In United Arab Emirates (UAE), a survey of minerals was carried out for 53 kohl
samples. It was found that only 20 samples contain galena [25]. The above results were
summarized in Table 1 which show that a significant difference in both chemical constituents
and percent concentration of hazardous heavy metals between all samples investigated in
many different countries, it is highly recommended to conduct further studies and
researches in these fields. The present work aimed to investigate the physical and chemical
characteristics of commercially available eye kohl samples commonly used by Libyan people
as cosmetics. Physical investigations include the following: Density, particle radius, specific
surface area, color, touch, forms, transparency and X-ray diffraction (XRD) analysis.
Chemical investigations contain the analysis of lead and cadmium using atomic absorption
spectroscopy (AAS), solubility in different medium, moisture contents, organic contents, and

the effect of potassium iodide solution on the samples.
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Table 1. Concentration of heavy metals in different kohl samples from different Arab countries.

Country No. of Heavy metal Tools of analysis Reference
kohl concentrations No.
samples

Cairo, Egypt 18 6 samples contain galena X-ray powder diffraction [1]

10 samples contain (XRPD)
amorphous carbon, calcite, Scanning electron
cuprite, goethite and talc. microscope (SEM)

Oman 47 14 samples contain Pb in X-ray powder diffraction [21]

different concentrations. (XRPD)
Scanning electron
microscope (SEM)

Kingdom of 21 Pb = 2.9-34.1 % Energy dispersive X-ray [22]

Saudi Arabia (4 samples) (EDXR)

(KSA) Pb = 84 %

(10 samples)
Nil
(7 samples)
Tunisia 11 Pb concentrations ranged Atomic absorption [23]
between 51.1 ug g~! and spectrophotometer
4839.5 ug g~1. (AAS)
Cd concentrations ranged
between 1.0 ug g~! and
158.6 ug g
Cu concentrations ranged
between 2.5 ug g~! and
162.5 ug g=1.
Zn concentrations ranged
between 0.7 ug g~! and
185.0 ug g—1.

Libya, Egypt 8 Kohl samples are Inductively coupled [24]

and Kingdom of contaminated with a plasma & Optical emission

Saudi Arabia significant concentrations of spectrometer

(KSA) heavy metals As, Cd, Hg and (ICP-OES)

Pb
United Arab 53 20 samples contain galena X-ray powder diffraction [25]

Emirates (UAE)

33 samples amorphous
carbon, calcite/aragonite,
hematite, goethite, sassolite,
talc and zincite

(XRPD) and
Scanning electron
microscope (SEM)

Galena=PbS
Goethite=FeO(OH)

EXPERIMENTAL

Materials

Calcite/aragonite=CaCOs3
Sassolite=H3B03

Hematite=Fe203
Zincite=Zn0O

Cuprite=Cu20
Talc=MgsSis010(0OH)2

All chemicals used were of analytical grade. Three types of eye kohl samples are available

and were purchased from the local Libyan market as a shiny black solid powder. All obtained

samples were investigated without any further pre-chemical treatment. Because of the

morphological appearance of all samples are nearly the same, eye kohl brands were labeled

according to their local/public commercial hames as follows:
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Common Arabic name Symbol/Code Brand

Natural Arab Kohl NAK Local public
Natural Black Al-Athmod Kohl NBAK Local public
Black Al-Hashemi kohl BHK Local public

The above names of the three investigated kohl samples are pure Arabic common names
related to the Arabic culture. These names were used by public to differentiate between the

source, the quality or the type of the kohl which they would used.

Instruments

Determination of Pb and Cd in the obtained eye kohl samples was carried out using the
Atomic Absorption Spectrophotometer (AAS) (VARIAN system, 220FS Model, Made in USA).
X-ray diffraction (XRD) patterns and crystallinity measurements were obtained using a
PHILIPS X-ray diffractometer, model PW 1890, with a nickel filter and a Cu-K, radiation.

Measurements
The radius of the particle of the sieved samples were determined according to El-Naggar
method by measuring the diameter of 100 particles with an optical microscope. The particles
were assumed to have a uniform spherical shape and a mean equivalent radius was
calculated [26].

Procedure

The leaching process of lead and cadmium ions from solid eye kohl samples and preparation
of Pb2* and Cd?* ion as concentrated solutions for analysis has been carried out according to
the following steps:

1. Three times, 0.50 grams of each eye kohl sample were weighed and transferred into
100 mL beakers.

2. Concentrated solution of agua regia containing a mixture of concentrated HCI| and
HNOs3 (3:2 vol. / vol. ratio) was prepared and 10 mL of the mixture was added to
each beaker.

3. Samples were gently heated to almost dryness on a hot plate in a good ventilation
hood.

4. Again 10 mL of the concentrated aqua regia solution was added to each beaker and
heated again to almost dryness.

5. Samples were left to cool, then the desired amount of doubly distilled water was

added and stirred with a glass rod to dissolve the residue.
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6. Finally, dissolved samples were filtered into 50 mL volumetric flasks and completed to
the mark with doubly distilled water.

7. The used glassware and filter papers were washed continuously with doubly distilled
water to ensure that all Pb?* and Cd?* ions are completely leached from solid kohl
samples.

8. The dissolved sample solutions were subjected directly to an air-acetylene flame
atomic absorption spectrophotometer (UNICAM, 969) by the standard calibration
technique for quantitative analysis.

9. Standardization and calibration curves take into consideration before measuring of

Pb2* and Cd?* ions.

RESULTS AND DISCUSSION

Physicochemical characteristics of the three investigated eye kohl samples were presented in
Tables 2 and 3. The physical properties include color, forms, bulk density, particle size,
specific surface area, and crystallinity. While chemical analysis shows Pb and Cd contents,
moisture content, organic content, reaction with KI, chemical stability in different medium,
and pH of the sample solution. A complete identification of any sample should contain
chemical, physical and mineralogical investigation. The obtained results will be discussed in

the following parts.

Physical characteristics

The physical properties of the investigated Libyan eye kohl samples were shown in Table 2,
from which we can notice that all samples have nearly the same color and the predominant
color is black which absorbs all the wavelengths of the sunlight. Shiny black color may be
due to the presence of naturally occurring mineral sulfide galena or coal. Powdered granular
forms in all samples also support the homogeneous chemical constituent’s hypothesis. Bulk
density measurements prove that Natural Arab Kohl sample is the heavier sample with the
value equal to ~ 3.53 g/mL. The bulk density sequence has the order: Natural Arab Kohl >
Black Al-Hashemi Kohl > Natural Black Al-Athmod Kohl. These orders reflect the higher
concentration of Pb (6.1730 %) and lower carbon (organic) contents (>60 %) in a Natural
Arab Kohl sample as shown in Table 3. As a result, Natural Black Al-Athmod Kohl has low
lead concentration (0.2411 %) and high carbon content ( =69 %).

The particle size distribution shows that the average particle radius in mm are in the range
from 0.12 £ 0.03 for NBAK sample to 0.18 £ 0.03 for NAK sample. The specific surface area
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in m?/g is in the range from 0.22 for NAK sample to 0.65 for NBAK sample. The data show

that both the average particle radius and the specific surface area are in the opposite

sequence:
The average particle radius: NBAK sample < BHK sample < NAK sample
The specific surface area: NBAK sample > BHK sample > NAK sample
Table 2. Physical characteristics of Libyan eye kohl samples.
Item NAK NBAK BHK
Bulk density (g/c.c) ~ 3.53 ~ 2.63 ~ 2.78
Average particle radius (mm) 0.18 + 0.03 0.12 £ 0.03 0.16 + 0.03
Specific surface area (m?/g) 0.22 0.65 0.38
Color Black / Gray Shiny black Shiny black
Forms Powdered granules Powdered granules Powdered granules
. Greasy feel and Greasy feel and
Touch Greasy feel an.d stains stains fingers and stains fingers and
fingers and skin : -
skin skin
Transparency Opaque Opaque Opaque
Intensive continuum Intensive continuum Intensive continuum

XRD pattern peaks at low 20 value  peaks at low 20 value peaks at low 260 value

The above results were attributed to the fact that the higher surface area of the solid
samples is associated with the lower particle radius and vice versa [27]. The values of
average particle radius and the specific surface area of the Black Al-Hashemi Kohl sample is

in between values of Natural Arab Kohl sample and Natural Black Al-Athmod Kohl sample.

X-ray diffraction pattern of the three investigated kohl samples was obtained along a wide
range of 20 degree and represented in Figure 1, which shows two separate peaks of
crystallinity, one of them is the intensive continuum peaks at very low 26 value (260 = 12.6
degree, d = 7.02A°) with relatively high intensity (I = 60-80%) for all investigated samples.
Another peak at 20 = 25.3 degree, d= 3.51A° with relatively low intensity (I = 10-30%).
This reveals that some crystallinity was found and all samples contain crystalline materials in
an amorphous background [28]. Mineral analysis for NAK sample (Pb=6.173%) shows the
presence of Manganoshadlunite which has the empirical formula Mn2+o.75Pbo.25sCusFe?*2Ss at
tolerance = 20 %. For NBAK sample (Pb=0.2411%), the major mineral found is samarskite
with empirical formula Ybo.os Ero.os Yo.0s Dyo.os Luo.o1 Ndo.ox Tmo.o1 H0o.01 Gdo.o1 Smo.o0s Tbo.oos
Ceo0.004 Pro.oo1Lao.o01Uo.12Tho.12Ca0.12Fe2+0.11Mn2%0.0404. All metals in samarskite was found as
oxides and the mineral has shiny black color as shown in Figure 2. The mineral composition
of NBAK sample was obtained at tolerance = 20. Finally, Figure 3 exhibits the shiny metallic
lead gray color of kitaibelite which is the major mineralogical constituents of BHK sample
(Pb=2.277%) at tolerance = 10%. The empirical formula of kitaibelite is Agi10PbBiz0Ss1 [29].

From the above-mentioned results, it was noticed that the obtained amount of Pb from both
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chemical analysis by AAS and mineralogical analysis by XRD are closely related to each
other and hence, the data analysis of XRD is in agreement with that of AAS for all
investigated samples. In fact, mineralogical data analysis for Cd at trace concentration in

eye kohl samples does not exhibit any specific major mineralogical constituents.
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Fig. 1. XRD pattern for investigated Libyan eye kohl samples.
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shiny black color shiny metallic lead gray color

However, as shown in Table 2, all the investigated samples have the same general physical
characteristics such as touch and transparency, they also have a greasy feeling in touching
and stains fingers and skin while it is opaque. From the above-mentioned results, it can be
concluded that Natural Arab Kohl has higher bulk density, higher particle size and lower
specific surface area, but Natural Black Al-Athmod Kohl has a lower bulk density, lower

particle size and higher specific surface area while Black Al-Hashemi Kohl is in between.
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Chemical characteristics

The chemical properties of eye kohl samples commonly used in Libya were investigated
according to lead concentration, cadmium concentration, moisture content, organic content,
solubility in different media, and the reaction with potassium iodide which give a
characteristic intensive yellow color with Pb%* jon. Chemical properties of the investigated
samples were shown in Table 3, from which we can conclude that the highest concentration
of Pb and Cd was found in Natural Arab Kohl samples. This result is in agreement with the
bulk density measurements mentioned above. The density of Pb and Cd is equal to 11.34
and 8.65 g/mL, respectively, and hence the presence of heavy metals in a sample will raise
its bulk density. The concentration of Pb takes the following order: Natural Arab Kohl sample

> Black Al-Hashemi Kohl sample > Natural Black Al-Athmod Kohl sample.

Table 3. Chemical characteristics of Libyan eye kohl samples.

Item NAK NBAK BHK

Pb (% w/w) 6.1730 % 0.2411 % 2.2770 %
Cd (% w/w) 0.0019 % Nil 0.0015 %
Pb concentration (mg/qg) 30.8650 1.2055 11.385
Cd concentration (ug/g) 9.50 Nil 7.50
Reaction with KI Yellow ppt. (+++) Yellow ppt. (+) Yellow ppt. (+)
Moisture content (%) ~ 1.0 % ~ 1.0 % ~ 1.0%
Organic (carbon) content (%) > 60 % > 69 % > 65 %
Solubility in H20 (cold or hot) - - -
Solubility in 3M HCI ++ + +
Solubility in 3M HNO3 ++ Cloudy solution +++ +++
Solubility in agua regia ++++ ++++ ++++

pH of solution 7.9 7.3 7.4

(-) Insoluble (+) Sparingly soluble (++) Slightly soluble (+++) Soluble (++++) Highly soluble

It was calculated that for a Natural Arab Kohl sample, the concentration of Pb exceeded to
the concentration of cadmium by about = 3249 times. For Black Al-Hashemi Kohl sample,
the concentration of Pb exceeded to the concentration of Cd by about = 1518 times. A
quantity of Pb in the samples is in tenths of milligrams per one-gram sample, while the
quantity of Cd is in few micrograms per one-gram sample. The concentration of Cd is traced
and in the range from 7.5 to 9.5 ug/g for Black Al-Hashemi Kohl sample and Natural Arab
Kohl sample, respectively. These results refer to the lead is the main heavy metal affected
on the chemical behavior of the eye kohl samples commonly used in Libya. The leached
solution of three eye kohl samples was subjected to react with the potassium iodide solution
and the preliminary tests show that the intense yellow color of lead iodide precipitate

appeared with Natural Arab Kohl sample indicating to the presence of high lead
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concentration. On the other hand, pale yellow color which appearing with Natural Black Al-
Athmod Kohl sample and Black Al-Hashemi Kohl refers to the low concentration of Pb in
these samples. The chemical reaction between lead ion as lead sulfide and potassium iodide

can be expressed as follows:
yields

PbS{aq) + 2Ky — Pbly5 L + K>5(aq)

B yields
Ph (NOB)Zan) + ZK‘{aq} ? PE’IZ(S} 1+ ZKNOB-:aq}

The moisture content does not exceed ~ 1.0 %, which can be attributed to the physically
adsorbed water on the sample surfaces. The carbon / organic content was in the range from
60 to 69 %, and the relative high carbon content reflects availability and durability of carbon
material in the environment. In addition to the economic and commercial factors affecting

on the public, industry of the eye kohl.

Solubility results show that all samples are insoluble in cold and hot water, but soluble in
acidic medium especially aqua regia. Natural Black Al-Athmod Kohl Sample and Black Al-
Hashemi Kohl is sparingly soluble in hydrochloric acid solution. Because of oxidation of sulfur
ion (S?7) to sulfur in the presence of nitric acid, Natural Arab Kohl sample forms cloudy
solution with nitric acid, indicating the presence of PbS [30] in Natural Arab Kohl sample.
The values of pH were measured for the aqueous solution of the investigated samples and

the results show that the solutions are between neutral and slightly alkaline.

From Tables 1 and 2 and according to the above mentioned results, we can indicate that:

1) Natural Arab Kohl was characterized by high bulk density, high particle size, high
concentration of heavy metals, small specific surface area, and finally low carbon content.

2) Natural Black Al-Athmod Kohl was characterized by low bulk density, small particle size,
low concentration of heavy metals, big specific surface area, and finally high carbon
content.

3) Black Al-Hashemi Kohl was characterized by a relatively mild physical and chemical

properties.
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CONCLUSION

1) It is highly recommended that consumers use Natural Black Al-Athmod Kohl only because
it has low concentration of heavy metals (Pb and Cd), and has a high specific surface
area. The risk factor for using these type of eye kohl is very low. The higher surface area
helps in spreading the active ingredient leading to increase the treatability against eye
disease.

2) It is recommended that consumers avoid using Natural Arab Kohl and Black Al-Hashemi
Kohl because these types of eye kohl have high concentrations of Pb and Cd, and this
increase the risk factor for human and the environment.

3) To complete the profile of eye kohl commonly used in Libya, it was recommended to

continue the chemical and physical research by further tools.
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Tiirkce Oz ve Anahtar Kelimeler

Libya’da Kozmetik Uriinii Olarak Kullanilan Arap “"Eye Kohl”
Markalarinin Kimyasal ve Fiziksel Incelemesi

Maher Mohamed Abed EI-Aziz, Mohamed Ammar Khalifa, Rabia Alhadi Ghariani, Hasan Daw
Ashtawi Mohamed, and Mahmud Ashtewi S. Ashtewi

Oz: Ug Arap “eye kohl” markasi kursun ve kadmiyum varli§i icin atomik absorpsiyon
spektroskopisi (AAS) ve X-isini sagilmasi teknikleri ile incelenmistir. Bu galismada, érneklerin
kimyasal analizleri agir metallerin derisimi, farklh ortamda c¢ozinirlik, KI ile tepkime, nem
ve organik icerik bakimindan calisiimistir. XRD deseni bitliin markalarda amorf artalan
lzerinde bir kisim kristalize maddenin oldugunu gdstermistir. Mineral verilere gore
orneklerde bulunan temel mineraller Manganoshadlunite (Natural Arab Koh., NAK),
samarskit (Natural Black Al-Athmod Kohl, NBAK) ve kitaibelit (Black Al-Hashemi kohl, BHK)
olarak bildirilmistir. Renk, bicim, dokunus ve seffaflik bltin 6rneklerde neredeyse aynidir,
ancak yodunluk, ortalama go6zenek capi ve 6zgul yizey alani bakimindan farkliliklar
gostermektedir. AAS’ye gbére ortalama kursun ylizdesi %0,2411 ile %6,173 arasindadir ve
kadmiyum icin ylizde degeri %0,0019 olarak bulunmustur. Pb ve Cd’nin maksimum derisimi
NAK oOrnedinde sirasiyla 30,865 mg/g ve 9,50 ug/g olarak tespit edilmistir. Agir metaller
bakimindan en dislk derisim NBAK o6rnedinde bulunmustur. Nem c¢ok disik bir ylzdede
(~%1) bulunmustur, ancak organik maddeler en fazla %69’dan buylktlir. Bitiin markalar
asidik ortamda farkli oranlarda céziinmektedir ve KI ile tepkimeye sokuldugunda sari renkli
PbI> katisi olusturmaktadir, bu da kursunun varhdi icin delil olarak kullanilmistir. Incelenen
markalar arasinda NBAK'In kullaniimasi son derece isabetli olur, ¢linkli adir metaller (Pb ve
Cd) acisindan distk ylzdeye sahiptir ve 6zgil ylzey alani daha ylksektir. Bu tir kozmetik
drindnin kullanilmasindaki risk faktori gok dusuktir. Yiksek ylzey alani, géz hastaliklarina
kars! kullanilabilirlik olasiligini ylkseltecek sekilde aktif icerigi yaymaktadir.

Anahtar kelimeler: “Eye kohl” kozmetik Urinleri; kursun; kadmiyum; atomik absorpsiyon
spektrometrisi (AAS).
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