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Abstract: Henna and walnut tree bark are widely used by Libyan women as cosmetics. They may
contain lead (Pb), cadmium (Cd) and arsenic (As), which, in turn, pose a high risk to their health.
This study aims to determine the levels of Pb, Cd and As in henna and walnut tree bark products sold
in Libyan markets. The products were analyzed for their Pb, Cd and As content by using inductively
coupled plasma mass spectrometry (ICP-MS) after a microwave acid digestion. The results showed a
significant difference between the henna and walnut tree bark samples in terms of their heavy metals
content (p < 0.05). The highest heavy metal concentrations were observed in the walnut tree bark
samples whereas the lowest was observed in the henna samples. In addition, 60% of the henna and
90% of the walnut tree bark samples contained Pb levels and approximately 80% of the henna and
90% the walnut tree bark samples contained Cd levels, which are much higher than the tolerance
limit. However, As concentrations in all the samples were lower. The results indicated that such
cosmetics expose consumers to high levels of Pb and Cd and hence, to potential health risks. Thus,
studying the sources and effects of heavy metals in such cosmetics is strongly recommended.
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1. Introduction

Henna and walnut tree bark, locally known as souak, are traditional plant cosmetic products
that have been widely used in North Africa, the Middle East, and Western Asia countries for medical
and cosmetic purposes [1-5]. As these traditional plant cosmetics are not permanent, painless, and
cheap, and carry no risk of HIV or hepatitis infections, they are extremely popular among women as
cosmetics [6-9].

Henna is sourced from the finely pulverized dried leaves of Lawsonia inermis L. plant; this tree
is grown in the tropical and subtropical regions of North Africa, India, Sri Lanka, and the Middle
East [10-13]. As per ethnobotanical and historical information, henna is among the first plants
to be used for cosmetic purposes [2—4,14,15]. Henna contains an active dye (red-orange pigment),
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lawsone (2-hydroxy-1,4-naphthoquinone), which can be used to color hair and skin [1,6,16-21].
Traditionally, it is used as a medicine to remedy several ailments [22-28]. Henna has several biological
activities [12,29-34].

When used for cosmetic purposes, henna is often mixed with water or oil to make a paste, which
can be applied to the skin or hair. Upon the application of the henna paste on the skin, its dye
(lawsone) will be adsorbed to the outermost skin layer, creating a red-orange stain [35]. Marketed
henna is often mixed with various herbs and different chemical additives (which contains high levels
of trace elements) to make it permanent or stronger [1,36—-40]. Natural henna is generally safe and
well-tolerated in humans, but henna with additives may have side effects or even life-threatening
effects [37,41,42].

Henna is extremely popular in Libya as it is part of the culture and traditions. Various henna
products with various colors are available in the Libyan market. Some of them are locally produced,
while some are imported from Sudan, Yemen, Tunisia, India, and Pakistan. Unfortunately, over the last
10 years, henna has become a life-threatening material for Libyan women, especially in the eastern
region of Libya where more than 550 victims of henna poisoning have been reported, of which 57 died
as per the Libyan Ministry of health. Till today, the scientific information about the real reasons that led
to this wide scale poisoning and death cases remain unknown. Despite the seriousness of the problem,
published studies on henna in Libya are rare [43].

Walnut tree bark, locally known as souak, is another traditional plant cosmetic material widely
used to clean and whiten teeth, which, after use, leaves an orange-brown tint on gums and lips. It is
obtained as a natural chewing stick from the bark of a walnut tree (Juglan regia L.) [8,9]. Additionally,
it is used as a medicine, improves dental hygiene [44-46], and widely applied in pharmaceutical
industries [5,47-52]. Walnut tree bark is not locally produced in Libya, but imported from other
countries like Algeria, Morocco, Tunisia, Sudan, and India. It is available in herbalist shops as a solid
tough and fibrous material in thin pieces or shreds of varying lengths. Walnut tree bark has a feeble
order and somewhat acrid bitter taste. Currently, it is extensively used by Libyan women as toothbrush
and dye for aesthetics. They detach a piece of walnut tree bark and rinse it with water, then, rub it to
their teeth and gums for a few minutes before rinsing their mouth with warm water several times. The
process can be repeated more than twice a week. Moreover, walnut tree bark is among the popular
materials added for intensifying the color of henna.

Heavy metals toxicity to human is well documented [53]. Lead (Pb), cadmium (Cd) and arsenic
(As), which are extremely toxic to humans, accumulate in internal organs over time [54-57]. The human
skin has been reported in a study to absorb soluble Pb as evidenced by its increased concentration in
sweat, blood, and urine within 6 h of its application on the skin [58]. Cd is a human carcinogen as per
the World Health Organization [59]. Arsenic, on the other hand, has a high affinity for keratin and as
such, can be easily found in the hair and nails. Acute overexposure to arsenic results in skin eruptions,
nails striation, and alopecia [60].

The maximum amounts of metals present in cosmetic ingredients provided by Cosmetica Italia are
20,5 and 5 for Pb, Cd and As, respectively. Dermal absorption of As is 1.9%. The extent of percutaneous
absorption of As was found to be 6.4% for trace doses and 2.0% for high doses in monkeys, and
1.9% when applied in trace doses onto human skin samples. Dermal absorption of Cd is 0.8%; about
0.3-0.8% of Cd is absorbed through the skin. Dermal absorption of Pb is 0.3%. The percutaneous
absorption of lead acetate following the use of hair coloring preparations was almost nil, ranging from
0 to 0.3% of the dose applied onto the skin. Moderate absorption was detectable in the case of the
damaged epidermis [61]. In a study conducted by Ibrahim and others in 2016, they investigated heavy
metal content in henna and reported that the mean concentration of these metals was higher than the
permissible levels [62].

Unfortunately, international standards for impurities in cosmetics are currently unavailable.
However, the limits provided by the United States Food and Drug Administration (US FDA) for Pb
and As contents of henna (as a color additive for cosmetic products) were 20 and 3 pg-g~!, respectively,
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while the Canadian regularity limits for certain metals in cosmetics were 10 pg-g™! for Pb; 3 pg-g™*
for As, and Cd. Other legislation, such as the Danish Statutory Order on Cosmetics number 489, has
banned the marketing of all cosmetic products containing Pb, Cd, and, As.

Many traditional cosmetic and medical plants play an important role in the general state of health of
a population [63-68] and can pose health risks due to the presence of heavy metals [1,69-71]. Therefore,
henna and walnut tree bark may be considered as a potential source of heavy metals poisoning as their
intensive use may increase the body intake of heavy metals through percutaneous absorption.

Given the increasing concern about the use of henna in the Libyan society and the absence of
any legal control of heavy metals in traditional plant cosmetics sold in the Libyan markets, we aim to
investigate whether traditional plant cosmetics sold in Libya are possible sources of toxic heavy metals.
Our study will contribute to the existing body of knowledge in this area. Therefore, the aims of this
study are as follows: To estimate Pb, Cd and As contents in henna and walnut tree bark traditional
plant cosmetics sold in Libyan markets, and to compare the obtained results with internal standards
for heavy metals in cosmetic products.

The main enthusiasm for the current research is to have an informative vision of the heavy metal
concentrations (i.e., Pb, Cd, and As) in the henna and walnut tree bark in Libya. Indeed, the accurate
determination of heavy metals in cosmetics is important as they have a narrow range of safety between
adequate amounts and excessive consumption. Among the various methods proposed for heavy
metals analysis in cosmetic products, inductively coupled plasma mass spectrometry (ICP-MS) is the
most frequently used due to its relative simplicity, low sample volume requirements, and low detection
limits [72,73]. A method using microwave acid digestion, followed by ICP-MS determination for the
analysis of heavy metal content in the henna and walnut tree bark samples was used for this study.

2. Material and Methods

2.1. Chemical and Reagent

All chemicals and reagents used were of analytical-reagent grade with no further purification.
Nitric acid (HNOj3) 69% (w/v) and hydrogen peroxide (H,O;) 30% (w/v) purchased from Merck
(Darmstadt, Germany) were used for sample digestion. Ultrapure water (18.2 M().cm quality, model:
LPTA/PB/7/1-Maxima Ultrapure Water, ELGA company, Milan, Italy) was used for solution preparation
and dilution. The heavy metal standard solutions used for the calibration were prepared by the step
dilution of certified stock solutions of 1000 mg-L~! of each heavy metal (Pb, Cd and As) purchased
from Merck (Darmstadt, Germany). For the accuracy tests, a certified reference material (CRM) bush
branches and leaves (NCS DC 73,348 CRM) from the China National Analysis Center for Iron and Steel
(Beijing, China) were used.

To avoid sample contamination, all glassware, plastic ware, and digestion vessels were washed
with Extran® detergent, soaked in 10% (v/v) HNOj; for a minimum of 24 h, washed several times
with tap water, rinsed thoroughly with ultrapure water, dried and stored in closed polypropylene
containers until use.

2.2. Sample Collection

Convenience sampling technique was implemented in 2018 to collect only henna and walnut
tree bark (souak) products that are widely used by Libyan women as traditional plant cosmetics.
Samples were collected from well-known local herbalist shops who were conveniently available to
participate in this study. These herbalist shops sell traditional plant cosmetic products imported from
different countries and those manufactured locally. The sample size ensured that a maximum number
of different brands of henna and walnut tree bark products sold were obtained. Notably, all the walnut
tree bark products are sold as pieces of plant bark in open polyethylene containers without information
labels. Meanwhile, all the henna products are sold without information about their chemical contents.
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A total of 15 different brands of powdered henna and 10 unpacked walnut tree bark (souak)
samples were purchased from local herbalist shops in Benghazi City, Libya. From each brand of
henna and walnut tree bark type, five samples were collected, i.e., 75 and 50 different samples of
henna and walnut tree bark (souak) were collected, respectively. About 15 g of each henna brand
were separated by quartering sampling method (CAC, 2004) and collected separately in polyethylene
ziplock bag previously washed with 10% (v/v) nitric acid (HNOg3) and ultrapure water and dried at
room temperature before the sample collection. The brand names of the powdered henna were blinded,
labeled and given the codes H1-H15. A 200 g of each unpacked walnut tree bark samples of each brand
were dried, ground and mixed together. Likewise, 15 g of powdered walnut tree bark samples were
separated by quartering sampling method (CAC, 2004) and collected in a pre-cleaned polyethylene
ziplock bag, labeled and given the codes S1-510. The collected samples were kept at room temperature
under non-humid conditions until analysis. Analyses were completed within 1 month after collection.

2.3. Samples Pre-Treatment

Prior to analysis, the henna samples were dried at 105 °C in an air ventilated oven for 24 h. The
walnut tree bark samples were cut into small pieces, dried at 50 °C in the oven for 48 h, grounded into
a fine powder using a mixer grinder, and then sieved through a 250 um mesh. The obtained powdered
walnut tree bark samples were again oven-dried for 24 h at 105 °C. Both dried henna and walnut tree
bark samples were allowed to cool over silica gel and stored separately at room temperature in tightly
closed Zip lock polyethylene bags until analysis.

2.4. Sample Digestion

Approximately 0.2 g of each dried henna or walnut tree bark sample was accurately weighed in a
dry and clean digestion vessel. Then, 10 mL of HNO3/H;O, mixture (v/v, 3:1) and 4 mL of ultrapure
water were added to the sample [74]. The digestion process was performed at room temperature for
about 15 min to ensure the completion of the initial reaction. Later, the digestion vessel was moved to
a laboratory microwave digestion system for the microwave-assisted digestion, as shown in Table 1.
After digestion, the vessel was cooled to room temperature before being opened and sonicated for
30 min at room temperature to eliminate nitrous oxide vapor. The inner side of the vessel lid was
rinsed with ultrapure water before transferring the digested solution quantitatively into a volumetric
flask using 1% HNOj_ The final volume of the solution was made up to 100 mL using ultrapure water
before filtering the samples through a 0.45 um Millipore membrane syringe filter. The samples were
later stored at room temperature in polyethylene bottles and analyzed for heavy metals contents by
ICP-MS within a week of storage. The measurements were performed in triplicate, and the mean
value was calculated on a dry weight basis (1g-g~!, dry weight). The blank solutions for the heavy
metals determined by ICP-MS were prepared by following all the analytical steps of the proposed
method in the absence of any sample or standard. A developed Perkin Elmer method was used for the
calculation of the limits of detection (LOD) and quantification (LOQ) of the heavy metals evaluated by
the proposed method using ICP-MS. The level of the studied analytes in a certified reference material
(CRM) was determined using the proposed method to check for its accuracy. Since henna and walnut
tree bark CRM could not be found, bush branches and leaves CRM from the China National Analysis
Center for Iron and Steel were used. Both the blank solutions and CRM were similarly analyzed as
the samples.
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Table 1. Microwave digestion program for the digestion of henna and walnut tree bark samples.

Parameters Steps
1 2 3 4 5
Power (%) 90 90 0 0 0
Time (min) 5 15 10 10 10
Temp (°C) 180 180 50 50 50
Pressure (bar) 60 60 50 50 50
Ramp (min) 36 10 10 10 10

2.5. ICP-MS Determination

The analytical measurements of Pb, Cd and As in the digested henna and walnut tree bark
samples were carried out with a Perkin Elmer SCIEX Elan 9000 ICP-MS (Perkin-Elmer SCIEX, Norwalk,
CT, USA) after its calibration using the certified stock solutions and optimization according to the
recommendation of the manufacturer. The operating conditions of ICP-MS for Pb, Cd, and As
determination are provided in Table 2.

Table 2. Operating conditions for ICP-MS determination of Pb, Cd and As in digested henna. and
walnut tree bark samples.

Parameters Conditions
RF Generator 40 MHz
RF Power 1000 W
Spray Chamber Ryton Scott
Nebulizer Cross-Flow
Plasma gas flow rate 15.0 L/min
Auxiliary gas flow rate 1.0 L/min
Nebulizer gas flow rate 0.60 L/min
Sampler and skimmer cone Nickel
Resolution 0.7 £0.1 amu
Dwell time 250 ms
Sweeps/Reading 20
Reading/Replicates 3

2.6. Statistical Analysis

The results for heavy metals estimation were tabulated, expressed as mean =+ standard deviation
(SD), and analyzed for statistical significance using Statistical Package for Social Sciences (SPSS version
23.0). Independent sample t-test was used to determine the level of statistical significance between the
mean concentration levels of Pb, Cd and As of henna samples and those of walnut tree bark samples;
differences at p < 0.05 were considered significant.

3. Results and Discussion

3.1. Analytical Characteristics

A Perkin Elmer method was used for the calculation of the LOD and LOQ values of the studied
heavy metals evaluated by the used ICP-MS method [75]. To determine the LOD and LOQ, a blank
solution used for the digestion of henna and walnut tree bark samples was first used to blank the
instrument before recording the concentrations of Pb, Cd and As in 10 ug-L ™! solution of the samples
(Table 3). The LOD and LOQ were calculated using the following equations:

LOD = 3 SDplank Csample/ (Isample = Iblank), @

LOQ =10 SDpjank - Csample/ (Isample = Iblank), 2)
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where SDpjank, Csample, Isample, and Iplank are the recorded standard deviation for the blank signal, the
analyte concentration in the sample [g-L '], the recorded signal intensities for the sample, and the
recorded signal intensities for the blank, respectively.

Table 3. The LOD and LOQ of Pb, Cd and As.

LOD LOD LOQ LOQ
I
Heavy Metal Iblank SDblank sample (ngL) (ngkg1) (ngL1) (ngkg 1)
Pb 20.78 2.27 30,164.88 2 1 7 4
Cd 28.04 2.05 16,199.97 4 2 10 5
As 43.07 7.14 13,869.12 10 5 50 30

The LOD and LOQ were additionally calculated in the original samples (pg-g_l) by considering
the amount of digested sample (0.2 g) and the final dilution used during the procedure (100 mL). The
results obtained for the LOD and LOQ values of the selected heavy metals in henna and walnut tree
bark samples are listed in Table 3. The LOD values of the studied heavy metals were 1,2 and 5 ng-kg™!
for Pb, Cd and As, respectively, and the LOQs were 4, 5 and 30 ng-kg_l. The LOD and LOQ values
were adequate for the determination of Pb, Cd, and As in henna and walnut tree bark samples.

The results were validated through recovery tests. The recoveries of the studied heavy metals
were evaluated by adding Pb, Cd and As standard solutions ranging from 5 pg-L™! to 100 pg-L™! to
the henna and walnut tree bark samples. The samples were digested and then analyzed by ICP-MS
at optimum conditions. The absolute recovery value for the entire calibration range of each heavy
metal was obtained from the ratio between the slope of the line corresponding to the spiked henna or
walnut tree bark samples and the slope of the line for direct standard analysis by ICP-MS, as shown
in Figures 1-3. The obtained recoveries of Pb, Cd and As in the henna samples were 100.3%, 99.6%,
and 100.1%, respectively; and in walnut tree bark samples, 97.8%, 99.8% and 98.2 (Table 4). The high
recovery values clearly indicated the absence of analyte loss during the sample preparation step and
that sensitivity (intensities) was not influenced by the henna and walnut tree bark samples matrix,
which allowed us to use a linear calibration technique without needing a standard addition technique.

® Pbstandard © Spiked henna samples @ Spiked walnut tree bark Samples
350,000.00 ¥ =25003x + 71114
R2=0.9997
300,000.00 P y=2563x + 49026
% R?=0.9997
250,000.00 Ty =2555.6x - 2.8357
= e Pt R2 =0.9998
Z 200,000.00 : % 9
7] T )
150,000.00 & %
100,00000 | . & & @
50,00000 ¢ ¢ &
000 ¢® ‘ . . .
20 40 60 80 100
Concentration of Pb (ug L)

Figure 1. Recoveries of Pb from spiked henna and walnut tree bark samples.
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Figure 2. Recoveries of Cd from spiked henna and walnut tree bark samples.
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Figure 3. Recoveries of As from spiked henna and walnut tree bark samples.

Table 4. Recoveries of Pb, Cd and As heavy metals added to henna and walnut tree bark samples.

7 of 14

0,
Heavy Metal Slope % Recover
Standard Solution Henna Walnut Tree Bark Henna Walnut Tree Bark
Pb 2555.6 2563.0 2500.3 100.3 97.8
Cd 1699.2 1692.5 1669.3 99.6 98.2
As 1374.5 1375.8 1372.1 100.1 99.8
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To evaluate the accuracy of the ICP-MS proposed method, Pb, Cd and As contents in a CRM
(NCS DC the CRM 73348-bush branches and leaves) were determined. The CRM was digested and
analyzed by the ICP-MS proposed method. The results are summarized in Table 5. The determined
values agreed well with those of the certified material, with relative accuracy errors of 1.41, 7.14 and
2.11% for Pb, Cd and As, respectively. This good agreement supported the suitability and accuracy of
the proposed ICP-MS method.

Table 5. ICP-MS determination of Pb, Cd and As in an NCS DC 73,348 bush branches and leaves CRM.

Heavy Metal Concentration of Heavy (Metal Mean + SD, ug-g~1) % Relative Error
Certified Value Determined Value *
Pb 710+ 1.10 7.0+1.29 1.41
Cd 0.14 + 0.06 0.13 + 0.09 7.14
As 0.95 +0.12 0.93 +£0.20 211

* Mean of seven determinations at 95% confidence level. SD = Standard deviation.

3.2. Heavy Metals Content in Henna and Walnut Tree Bark Samples

The concentration levels of Pb, Cd and As (ug-g™!) in the henna and walnut tree bark samples
collected from local herbalist shops in Benghazi markets, Libya are presented in Tables 6 and 7,
respectively. Lead and cadmium were found in all the samples; meanwhile, arsenic was found in
all the samples except one henna sample (H6), which had an arsenic content of less than the LOD of
0.0077 ug-g_l (Table 4). Based on the overall mean concentrations, shown in Tables 6 and 7, the mean
heavy metal contents in the henna and walnut tree bark samples were in the following decreasing
order: Pb > Cd > As. The lead contents in the henna samples varied from 0.47 + 0.01 pg-g~! (H10) to
31.98 + 0.93 ug-g~! (H15), with an overall mean concentration of 15.13 + 11.51 pg-g~! (Table 6). In the
walnut tree bark samples, the values varied from 3.43 + 0.10 ug-g_l (S9) to 41.47 + 1.82 pg-g_l (S3),
with an overall mean concentration of 23.16 + 8.89 ug-g~! (Table 7). The cadmium content in the henna
varied from 0.29 + 0.01ug-g~! (H6) to 11.55 + 0.40 pg-g~! (H10), with an overall mean concentration of
6.30 = 3.59 ug-g_l (Table 6). In the walnut tree bark, the values varied from 1.41 + 0.01 (S9) ug'g_l
to 15.69 + 0.24 ug-g_1 (S6), with an overall mean concentration of 10.18 + 4.35 ug-g_1 (Table 7). The
arsenic contents of the henna samples varied from the LOD of 0.0077 ug-g~! (H6) to 1.45 +0.04 pg-g~!
(H7) with an overall mean concentration of 0.68 + 0.33 pg-g~! (Table 6). In the walnut tree bark, the
arsenic contents varied from 0.26 + 0.01 pg-g~! (S9) to 2.41 + 0.07 pg-g~! (S7), with an overall mean
concentration of 1.17 + 0.75 ug-g~! (Table 7).

Table 6. Concentration levels of heavy metals (ug-g_l) in the investigated henna samples.

Concentration of Heavy Metal (Mean + SD)

Henna Samples Color Place of Origin

Pb Cd As
H1 Black India 20.47 + 0.39 8.81 +0.01 0.56 + 0.02
H2 Green Libya 0.81 £ 0.02 6.57 £ 0.15 0.90 + 0.01
H3 Green Libya 547 +£0.21 11.48 + 0.45 0.70 = 0.01
H4 Green Libya 1.05 £ 0.02 6.53 + 0.21 0.40 + 0.01
H5 Green Sudan 1.51 +0.05 0.40 + 0.01 0.90 + 0.04

Hé6 Green Sudan 0.85 + 0.02 0.29 + 0.01 ND
H7 Black Sudan 20.51 + 1.00 4.60 £+ 0.01 1.45 +0.04
H8 Black Sudan 21.02 + 0.89 5.32 +0.18 0.47 £0.02
H9 Black Sudan 22.60 + 0.83 1.44 +0.05 0.72 £ 0.02
H10 Green Yemen 0.47 + 0.01 11.55 + 0.40 0.60 + 0.02
H11 Black Yemen 22.51 +0.98 6.47+ 0.21 1.11 £ 0.04
H12 Black Pakistan 24.76 + 0.65 4.88 +0.06 0.55 + 0.01
H13 Black Pakistan 25.68 + 0.59 7.34 +0.29 0.41 +£0.01
H14 Black India 27.23 £0.43 7.48 £ 0.32 0.71 £ 0.05
H15 Black India 31.98 +£ 0.93 11.32 £ 0.30 0.67 +0.01
Over all mean + SD (n = 15) 15.13 + 11.51 6.30 + 3.59 0.68 + 0.33

ND = Not detected (lower than the LOD for As of 0.008 pg~g‘1), SD = Standard deviation. SD = Standard deviation.
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Table 7. Concentration levels of heavy metals (ug-g~!) in the investigated walnut tree bark samples.

BVﬁirg;t:;; Color Place of Origin Concentration of Heavy Metal (Mean + SD)
Pb Ccd As

S1 Dark brown Algeria 22.04 £1.01 11.65 + 0.29 0.96 + 0.03
52 Dark brown Algeria 25.73 + 0.03 13.73 + 0.03 0.55 +0.01
S3 Dark brown Algeria 41.47 +1.82 12.30 £ 0.21 2.25+0.04
54 Dark brown Algeria 21.01 £ 0.01 533 +£0.10 1.59 £ 0.05
S5 Light brown Morocco 20.47 + 0.55 9.34+0.21 1.78 £ 0.05
S6 Light brown Morocco 25.18 + 0.05 15.69 + 0.24 0.85 + 0.04
57 yellowish brown Tunisia 2412 + 1.06 14.45 + 0.41 2.41 £ 0.07
S8 yellowish brown Tunisia 21.86 + 0.58 11.19 + 0.17 0.44 +0.01
59 Brown Sudan 343 +£0.10 1.41 +0.01 0.26 +0.01
S10 Brown Sudan 26.24 + 0.50 6.69 +0.29 0.61 +0.01
Overall mean + SD (n = 10) 23.16 + 8.89 10.18 + 4.35 1.17 £ 0.75

SD = Standard deviation.

In accordance to Tables 6 and 7, it was noted that standard deviations of the overall means
concentrations of the studied heavy metals in henna (11.51, 3.59 and 0.33 for Pb, Cd and As, respectively)
and walnut tree bark products (8.89, 4.35 and0.75 for Pb, Cd and As, respectively), were very high.
The very high standard deviations are not resulted as an error, but rather a significant difference
between the concentrations of Pb, Cd and As levels in the different of henna and walnut tree bark
products themselves. Indeed, the variation in the concentration levels of heavy metals in the different
brands of henna or walnut tree bark products might be attributed to the difference in the way of
manufacturing the products (different chemical coloring additives) and product origin, which varies in
climatic conditions. It was also observed, the Pb concentration was higher in black henna than in the
green henna (See Table 6). However, these results were observed by other investigators [1,11,69] who
reported that Pb concentration in black henna is higher than that in green henna.

The results obtained in this study also revealed that the walnut tree bark samples had high levels
of heavy metals whereas the henna samples had low levels (Figure 4). Independent sample t-test was
conducted in order to determine whether this difference between henna and walnut tree bark samples
was statistically significant (Table 8). The results indicated that there are significant variations between
the concentration levels of heavy metals in henna and in walnut tree bark samples, p < 0.05 (Table 8).
Given that barks have longer lifespans than leaves, the former had larger heavy metal accumulation
than the latter. Moreover, walnut tree bark products are usually stored in uncovered polyethylene
containers in contrast to henna products, which are sold in tightly closed polyethylene packages. Thus,
walnut bark products may be more exposed to heavy metals than henna products.

Table 8. Comparative between concentration levels of Pb, Cd and As in henna and walnut tree
bark samples.

Concentration of Heavy Metal (ug-g~1)

Element Henna Sample Walnut Tree Bark Sample F Value p Value
Mean = SD Mean = SD
Pb 15.13 £ 11.51 23.16 + 8.89 18.37 0.001
Cd 6.30 + 3.59 10.18 + 4.35 2.233 0.000
As 0.68 + 0.33 1.17 £ 0.75 47.80 0.002

SD = Standard deviation.
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Figure 4. Comparison of mean concentration levels of Pb, Cd and As in henna and walnut tree
bark samples.

3.3. Toxicity of Heavy Metals

As shown in Tables 6 and 7, 60% of the 15 henna samples and 90% of the 10 walnut tree bark
samples had Pb levels that are much higher than the limits recommended by the US FDA (20 pug-g™?)
and Canadian Government (10 ug-g~!). Approximately 80% of the 15 henna samples and 90% of the
10 walnut tree bark samples contained Cd levels were much higher than 3 pg-g~! as recommended
by the Canadian Government. However, As concentrations in the tested samples were lower than
the regulated limit of 3 ug-g~! recommended by the US FDA and the Canadian government (Tables 6
and 7). The Pb and Cd concentrations in the studied henna and walnut tree bark traditional plant
cosmetics were high and pose a major public health hazard especially for the women users. Although
the As concentrations in the samples were minimal, the slow release of As may nevertheless have
harmful effects on the human body. Thus, the prolonged use of traditional plant cosmetics can increase
the absorption of Pb, Cd and As into the human body and elevate the health hazards, especially among
women that regularly use henna and walnut tree bark cosmetics.

4. Conclusions

The study indicated that Pb and Cd contents in most henna and walnut tree bark products were far
above the recommended limits, whereas As concentrations were lower in the most products. It is also
noted that there is a very high difference between the concentration levels of Pb, Cd and As in henna and
walnut tree bark products themselves. The high difference between the Pb, Cd and As concentrations
levels is due to the difference between the samples, sources, and contamination percentage. It is also
noted that the walnut tree bark products had higher concentrations of Pb, Cd and As than the henna
products, and the differences were statistically significant. Therefore, the walnut tree bark products are
more exposed to these heavy metals. They may cause harmful effects to the consumers over time. As
Libya currently has no proper safety regulations, strict legislation for enforcing the acceptable limits
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of potential contaminants in traditional plant cosmetics and good manufacturing practice must be
established, and regular inspection of marketed natural products should be conducted for the detection
of fraudulent or hazardous products. The selling of unlabeled or noncompliant products should be
prohibited, especially henna products because they pose considerable risk to young children and
pregnant women. Further studies on traditional plant cosmetics and medicinal plant samples in local
markets are highly recommended.

Author Contributions: Conceptualization, A.M.B.; Data curation, A.M.B.; Formal analysis, A.M.B. and LA.;
Investigation, A.M.B.; Methodology, A.M.B.; Project administration, Z.M.Y.; Resources, A.M.B.; Supervision, S.B.S.
and N.A.-A ; Validation, AM.B,, L. A. and ZM.Y.; Visualization, Z.M.Y.; Writing—original draft, A.M.B., LA. and
Z.M.Y.; Writing—review and editing, . A. and Z.M.Y.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Lekouch, N.; Sedki, A.; Nejmeddine, A.; Gamon, S. Lead and traditional Moroccan pharmacopoeia. Sci. Total
Environ. 2001, 280, 39-43. [CrossRef]

2. Gallo, ER.; Multari, G.; Palazzino, G.; Pagliuca, G.; Zadeh, SSM.M,; Biapa, P.C.N.; Nicoletti, M. Henna through
the centuries: A quick HPTLC analysis proposal to check henna identity. Rev. Bras. Farmacogn. 2014, 24,
133-140. [CrossRef]

3.  Kumar, S; Singh, Y.V; Singh, M. Agro-history, uses, ecology and distribution of henna (Lawsonia inermis L.
syn. Alba Lam). In Henna: Cultivation, Improvement, and Trade; Central Arid Zone Research Institute: Jodhpur,
India, 2005; pp. 11-12.

4. Roy, PK; Singh, M.; Tewari, P. Composition of Henna Powder, Quality Parameters and Changing Trends
in its Usage. In Henna: Cultivation, Improvement, and Trade; Central Arid Zone Research Institute: Jodhpur,
India, 2005; pp. 39-40.

5. Ogunmoyole, T.; Kade, L].; Korodele, B. In Vitro antioxidant properties of aqueous and ethanolic extracts of
walnut (Juglans regia). |. Med. Plants Res. 2011, 5, 6839-6848. [CrossRef]

6.  ElHabr, C.; Mégarbané, H. Temporary henna tattoos and hypertrichosis: A case report and review of the
literature. J. Dermatol. Case Rep. 2015, 9, 36. [CrossRef] [PubMed]

7. Onder, M. Temporary holiday “tattoos” may cause lifelong allergic contact dermatitis when henna is mixed
with PPD. J. Cosmet. Dermatol. 2003, 2, 126-130. [CrossRef] [PubMed]

8. Gazi, M.I. Unusual pigmentation of the gingiva: Report of two different types. Oral Surg. Oral Med. Oral
Pathol. 1986, 62, 646-649. [CrossRef]

9.  Osman, N.A,; Gaafar, S.M.; Salah, M.E.; Wassel, G.M.; Ammar, N.M. Hazardous effect of topical cosmetic
application of Deirum (Juglans regia L. plant) on oral tissue. EQypt. Dent. ]. 1987, 33, 31-35.

10. Oomah, B.D.; Ladet, S.; Godfrey, D.V,; Liang, J.; Girard, B. Characteristics of raspberry (Rubus idaeus L.)
seed oil. Food Chem. 2000, 69, 187-193. [CrossRef]

11. Jallad, K.N.; Espada-Jallad, C. Lead exposure from the use of Lawsonia inermis (Henna) in temporary
paint-on-tattooing and hair dying. Sci. Total Environ. 2008, 397, 244-250. [CrossRef]

12.  Chaudhary, G.; Goyal, S.; Poonia, P. Lawsonia inermis Linnaeus: A phytopharmacological review. Int. |.
Pharm. Sci. Drug Res. 2010, 2, 91-98.

13. Chung, W.-H.; Chang, Y.-C.; Yang, L.-].; Hung, S.-I.; Wong, W.-R.; Lin, ].-Y.; Chan, H.-L. Clinicopathologic
features of skin reactions to temporary tattoos and analysis of possible causes. Arch. Dermatol. 2002, 138,
88-91. [CrossRef] [PubMed]

14. OZBEK, N. Elemental analysis of henna samples by MP AES. |. Turk. Chem. Soc. 2018, 5, 857-868.

15. Ozbek, N.; Akman, S. Determination of lead, cadmium and nickel in hennas and other hair dyes sold in
Turkey. Requl. Toxicol. Pharmacol. 2016, 79, 49-53. [CrossRef] [PubMed]

16. Anand, KK, Singh, B.; Chand, D.; Chandan, B.K. An evaluation of Lawsonia alba extract as hepatoprotective
agent. Planta Med. 1992, 58, 22-25. [CrossRef]

17.  Rostkowska, H.; Nowak, M.].; Lapinski, L.; Adamowicz, L. Molecular structure and infrared spectra of
2-hydroxy-1, 4-naphthoquinone; experimental matrix isolation and theoretical Hartree-Fock and post
Hartree-Fock study. Spectrochim. Acta Part A Mol. Biomol. Spectrosc. 1998, 54, 1091-1103. [CrossRef]


http://dx.doi.org/10.1016/S0048-9697(01)00801-4
http://dx.doi.org/10.1016/j.bjp.2014.03.008
http://dx.doi.org/10.5897/JMPR11.1238
http://dx.doi.org/10.3315/jdcr.2015.1204
http://www.ncbi.nlm.nih.gov/pubmed/26236410
http://dx.doi.org/10.1111/j.1473-2130.2004.00083.x
http://www.ncbi.nlm.nih.gov/pubmed/17163917
http://dx.doi.org/10.1016/0030-4220(86)90257-4
http://dx.doi.org/10.1016/S0308-8146(99)00260-5
http://dx.doi.org/10.1016/j.scitotenv.2008.02.055
http://dx.doi.org/10.1001/archderm.138.1.88
http://www.ncbi.nlm.nih.gov/pubmed/11790171
http://dx.doi.org/10.1016/j.yrtph.2016.05.013
http://www.ncbi.nlm.nih.gov/pubmed/27184940
http://dx.doi.org/10.1055/s-2006-961382
http://dx.doi.org/10.1016/S1386-1425(98)00032-8

Int. |. Environ. Res. Public Health 2019, 16, 1957 12 of 14

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.
32.

33.

34.

35.

36.
37.

38.

39.

40.

41.

Rehman, F.; Adeel, S.; Qaiser, S.; Bhatti, I.A.; Shahid, M.; Zuber, M. Dyeing behaviour of gamma irradiated
cotton fabric using Lawson dye extracted from henna leaves (Lawsonia inermis). Radiat. Phys. Chem. 2012, 81,
1752-1756. [CrossRef]

Hema, R.; Kumaravel, S.; Gomathi, S.; Sivasubramaniam, C. Gas chromatography-Mass Spectroscopic
analysis of Lawsonia inermis leaves. Life Sci. J. Acta Zhengzhou Univ. Overseas Ed. 2010, 7, 48-50.

Bhuiyan, M.A.R.; Islam, A.; Ali, A.; Islam, M.N. Color and chemical constitution of natural dye henna
(Lawsonia inermis L.) and its application in the coloration of textiles. J. Clean. Prod. 2017, 167, 14-22. [CrossRef]
Singh, D.K.,; Lugman, S.; Mathur, A.K. Lawsonia inermis L.—A commercially important primaeval dying
and medicinal plant with diverse pharmacological activity: A review. Ind. Crop. Prod. 2015, 65, 269-286.
[CrossRef]

Ali, N.A.A; Jiilich, W.-D.; Kusnick, C.; Lindequist, U. Screening of Yemeni medicinal plants for antibacterial
and cytotoxic activities. J. Ethnopharmacol. 2001, 74, 173-179. [CrossRef]

Okpekon, T.; Yolou, S.; Gleye, C.; Roblot, F.; Loiseau, P.; Bories, C.; Grellier, P.; Frappier, F.; Laurens, A.;
Hocquemiller, R. Antiparasitic activities of medicinal plants used in Ivory Coast. J. Ethnopharmacol. 2004, 90,
91-97. [CrossRef]

Marimuthu, S.; Rahuman, A.A.; Santhoshkumar, T.; Jayaseelan, C.; Kirthi, A.V.; Bagavan, A.; Kamaraj, C.;
Elango, G.; Zahir, A.A.; Rajakumar, G.; et al. Lousicidal activity of synthesized silver nanoparticles using
Lawsonia inermis leaf aqueous extract against Pediculus humanus capitis and Bovicola ovis. Parasitol. Res.
2012, 111, 2023-2033. [CrossRef]

Satyavati, G.V.; Raina, M.K.; Sharma, M. Medicinal Plants of India; Indian Council of Medical Research:
New Delhi, India, 1987.

Ahmed, S.; Rahman, A.; Alam, A.; Saleem, M.; Athar, M.; Sultana, S. Evaluation of the efficacy of Lawsonia
alba in the alleviation of carbon tetrachloride-induced oxidative stress. ]. Ethnopharmacol. 2000, 69, 157-164.
[CrossRef]

Bellakhdar, J. The Traditional Moroccan Pharmacopoeia: Ancient Arabic Medicine and Popular Knowledge; Ibis
Press: Lake Worth, FL, USA, 1997.

Lahsissene, H.; Kahouadji, A. Ethnobotanical study of medicinal and aromatic plants in the Zaér region of
Morocco. Phytothérapie 2010, 8, 202. [CrossRef]

Alia, B.H.; Bashir, A K,; Tanira, M.O.M. Anti-inflammatory, antipyretic, and analgesic effects of Lawsonia
inermis L.(henna) in rats. Pharmacology 1995, 51, 356-363. [CrossRef] [PubMed]

Handa, G.; Kapil, A.; Sharma, S.; Singh, J. Lawnermis acid: A new anticomplementary triterpenoid from
Lawsonia inermis seeds. ChemlInform 1997, 28, 252-256. [CrossRef]

Ali, M.; Grever, M.R. A cytotoxic naphthoquinone from Lawsonia inermis. Fitoterapia 1998, 69, 181-183.
Mikhaeil, B.R.; Badria, F.A.; Maatooq, G.T.; Amer, M.M.A. Antioxidant and immunomodulatory constituents
of henna leaves. Z. Nat. C 2004, 59, 468-476. [CrossRef]

Sultana, N.; Choudhary, M.1;; Khan, A. Protein glycation inhibitory activities of Lawsonia inermis and its
active principles. J. Enzym. Inhib. Med. Chem. 2009, 24, 257-261. [CrossRef]

Hsouna, A.B.; Trigui, M.; Culioli, G.; Blache, Y.; Jaoua, S. Antioxidant constituents from Lawsonia inermis
leaves: Isolation, structure elucidation and antioxidative capacity. Food Chem. 2011, 125, 193-200. [CrossRef]
Al-Suwaidi, A.; Ahmed, H. Determination of para-phenylenediamine (PPD) in henna in the United Arab
Emirates. Int. J. Environ. Res. Public Health 2010, 7, 1681-1693. [CrossRef]

Corbett, J.F. Hair coloring. Clin. Dermatol. 1988, 6, 93-101. [CrossRef]

Aktas Sukuroglu, A.; Battal, D.; Burgaz, S. Monitoring of Lawsone, p-phenylenediamine and heavy metals
in commercial temporary black henna tattoos sold in Turkey. Contact Dermat. 2017, 76, 89-95. [CrossRef]
Neri, I; Guareschi, E.; Savoia, F; Patrizi, A. Childhood allergic contact dermatitis from henna tattoo. Pediatr.
Dermatol. 2002, 19, 503-505. [CrossRef]

Al-Tufail, M.; Krahn, P.; Hassan, H.; Mahier, T.; Al-Sedairy, S.T.; Haq, A. Rapid identification of
phenylenediamine isomers in henna hair dye products by gas chromatography-mass spectrometry (GC-MS).
Toxicol. Environ. Chem. 1999, 71, 241-246. [CrossRef]

Kang, I].; Lee, M.H. Quantification of para-phenylenediamine and heavy metals in henna dye. Contact
Dermat. 2006, 55, 26-29. [CrossRef]

Ortiz, G.; Terron, M.; Bellido, J. Contact allergy to henna. Int. Arch. Allergy Immunol. 1997, 114, 298-299.
[CrossRef]


http://dx.doi.org/10.1016/j.radphyschem.2012.06.013
http://dx.doi.org/10.1016/j.jclepro.2017.08.142
http://dx.doi.org/10.1016/j.indcrop.2014.11.025
http://dx.doi.org/10.1016/S0378-8741(00)00364-0
http://dx.doi.org/10.1016/j.jep.2003.09.029
http://dx.doi.org/10.1007/s00436-011-2667-y
http://dx.doi.org/10.1016/S0378-8741(99)00091-4
http://dx.doi.org/10.1007/s10298-010-0569-2
http://dx.doi.org/10.1159/000139347
http://www.ncbi.nlm.nih.gov/pubmed/8966192
http://dx.doi.org/10.1002/chin.199734223
http://dx.doi.org/10.1515/znc-2004-7-803
http://dx.doi.org/10.1080/14756360802057500
http://dx.doi.org/10.1016/j.foodchem.2010.08.060
http://dx.doi.org/10.3390/ijerph7041681
http://dx.doi.org/10.1016/0738-081X(88)90037-5
http://dx.doi.org/10.1111/cod.12702
http://dx.doi.org/10.1046/j.1525-1470.2002.00219.x
http://dx.doi.org/10.1080/02772249909358795
http://dx.doi.org/10.1111/j.0105-1873.2006.00845.x
http://dx.doi.org/10.1159/000237683

Int. |. Environ. Res. Public Health 2019, 16, 1957 13 of 14

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.
61.

62.

63.

64.

Al Saif, F. Henna beyond skin arts: Literatures review. . Pak. Assoc. Dermatol. 2016, 26, 58-65.

Kumar, K.S.; Kathireswari, P. Biological synthesis of Silver nanoparticles (Ag-NPS) by Lawsonia inermis
(Henna) plant aqueous extract and its antimicrobial activity against human pathogens. Int. J. Curr. Microbiol.
App. Sci. 2016, 5, 926-937. [CrossRef]

Guarrera, PM. Traditional antihelmintic, antiparasitic and repellent uses of plants in Central Italy. .
Ethnopharmacol. 1999, 68, 183-192. [CrossRef]

Alkhawajah, A.M. Studies on the antimicrobial activity of Juglans regia. Am. J. Chin. Med. 1997, 25, 175-180.
[CrossRef]

Jagtap, A.G.; Karkera, S.G. Extract of Juglandaceae regia Inhibits Growth, In-vitro Adherence, Acid Production
and Aggregation of Streptococcus mutans. J. Pharm. Pharmacol. 2000, 52, 235-242. [CrossRef]

Mirzaei, N.; Mirzaei, A. Antioxidant and antimutagenic property of Iranian oak and walnut plants. Intf. |.
Biol. Pharm. Allied Sci. 2013, 2, 620-629.

Noumi, E.; Snoussi, M.; Noumi, L; Valentin, E.; Aouni, M.; Al-Sieni, A. Comparative study on the antifungal
and antioxydant properties of natural and colored Juglans regia L. barks: A high activity against vaginal
Candida strains. Life Sci. J. 2014, 11, 327-335.

Fathi, H.; Ebrahimzadeh, M.A.; Ahanjan, M. Comparison of the antimicrobial activity of caucasian wingnut
leaf extract (Pterocarya fraxinifolia) and Walnut (Juglans regia L.) plants. Acta Biol. Indica 2015, 4, 67-74.
Ara, I; Shinwari, M.M.A; Rashed, S.A.; Bakir, M.A. Evaluation of Antimicrobial Properties of Two Different
Extracts of Juglans regia Tree Bark and Search for Their Compounds Using Gas Chromatohraphy-Mass
Spectrum. Int. ]. Biol. 2013, 5, 92. [CrossRef]

Ebrahimi, S.; Jamei, R.; Nojoomi, F.; Zamanian, Z. Persian Walnut Composition and its Importance in Human
Health. Int. ]. Enteric Pathog. 2018, 6, 3-9. [CrossRef]

Fernandez-Agull6, A.; Pereira, E.; Freire, M.S.; Valentao, P.; Andrade, P.B.; Gonzélez-Alvarez, J.; Pereira, J.A.
Influence of solvent on the antioxidant and antimicrobial properties of walnut (Juglans regia L.) green husk
extracts. Ind. Crops Prod. 2013, 42, 126-132. [CrossRef]

Nordberg, G.F; Fowler, B.A.; Nordberg, M.; Friberg, L. Handbook of the Toxicology of Metals, 3rd ed.; Academic
Press: London, UK, 2007.

Zanini, E.; Bonifacio, E.; Cuttica, G.C. Heavy metals in soils near a steel-making industry: A case study in a
complex valley situation in Italy. J. Environ. Sci. Health Part A 1992, 27,2019-2036. [CrossRef]

Singh, K.P.; Mohan, D.; Sinha, S.; Dalwani, R. Impact assessment of treated/untreated wastewater toxicants
discharged by sewage treatment plants on health, agricultural, and environmental quality in the wastewater
disposal area. Chemosphere 2004, 55, 227-255. [CrossRef]

Chen, Y.; Wang, C.; Wang, Z. Residues and source identification of persistent organic pollutants in farmland
soils irrigated by effluents from biological treatment plants. Environ. Int. 2005, 31, 778-783. [CrossRef]
Turkey, K. Some heavy metal contents of various slaughtered cattle tissues in Sivas-Turkey. J. Turk. Chem.
Soc. 2017, 4, 721-728.

Stauber, ].L.; Florence, T.M.; Gulson, B.L.; Dale, L.S. Percutaneous absorption of inorganic lead compounds.
Sci. Total Environ. 1994, 145, 55-70. [CrossRef]

Friberg, L.; Elinder, C.G.; Kjellstrom, T. Environmental Health Criteria 134: Cadmium; World Health Organization:
Geneva, Switzerland, 1992.

Guy, R.H. Metals and the Skin: Topical Effects and Systemic Absorption; CRC Press: Boca Raton, FL, USA, 1999.
Marinovich, M.; Boraso, M.S.; Testai, E.; Galli, C.L. Metals in cosmetics: An a posteriori safety evaluation.
Regul. Toxicol. Pharmacol. 2014, 69, 416—424. [CrossRef]

Toxicol, ].E.A.; Ibrahim, S.Y.; Fawzi, M.M.; Saad, M.G.; Rahman, S.M.A. Environmental & Analytical
Toxicology Determination of Heavy Metals and Other Toxic Ingredients in Henna (Lawsonia inermis). J.
Environ. Anal. Toxicol. 2016, 6. [CrossRef]

Dasgupta, A.; Hammett-Stabler, C. Efficacy, Toxicity, Interactions with Western Drugs, and Effects on Clinical
Laboratory Tests; John Wiley & Sons: Hoboken, NJ, USA, 2011.

Campos, M.M.A ; Tonuci, H,; Silva, S.M.; de S. Altoé, B.; de Carvalho, D.; Kronka, E.A.M.; Pereira, AM.S.;
Bertoni, B.W.; de C. Franga, S.; Miranda, C.E.S. Determination of lead content in medicinal plants by
pre-concentration flow injection analysis-flame atomic absorption spectrometry. Phytochem. Anal. Int. ].
Plant Chem. Biochem. Tech. 2009, 20, 445-449. [CrossRef]


http://dx.doi.org/10.20546/ijcmas.2016.503.107
http://dx.doi.org/10.1016/S0378-8741(99)00089-6
http://dx.doi.org/10.1142/S0192415X97000202
http://dx.doi.org/10.1211/0022357001773751
http://dx.doi.org/10.5539/ijb.v5n2p92
http://dx.doi.org/10.15171/ijep.2018.02
http://dx.doi.org/10.1016/j.indcrop.2012.05.021
http://dx.doi.org/10.1080/10934529209375839
http://dx.doi.org/10.1016/j.chemosphere.2003.10.050
http://dx.doi.org/10.1016/j.envint.2005.05.024
http://dx.doi.org/10.1016/0048-9697(94)90297-6
http://dx.doi.org/10.1016/j.yrtph.2014.05.005
http://dx.doi.org/10.4172/2161-0525.1000364
http://dx.doi.org/10.1002/pca.1145

Int. |. Environ. Res. Public Health 2019, 16, 1957 14 of 14

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Zhou, H.; Yang, W.-T,; Zhou, X; Liu, L.; Gu, J.-F,; Wang, W.-L.; Zou, J.-L.; Tian, T.; Peng, P.-Q.; Liao, B.-H.
Accumulation of heavy metals in vegetable species planted in contaminated soils and the health risk
assessment. Int. J. Environ. Res. Public Health 2016, 13, 289. [CrossRef]

Fischer, A.; Brodziak-Dopierata, B.; Loska, K.; Stojko, J. The Assessment of Toxic Metals in Plants Used in
Cosmetics and Cosmetology. Int. ]. Environ. Res. Public Health 2017, 14, 1280. [CrossRef]

Alwakeel, S.S. Microbial and heavy metals contamination of herbal medicines. Res. J. Microbiol. 2008, 3,
683-691. [CrossRef]

Saeed, M.; Muhammad, N.; Khan, H. Assessment of heavy metal content of branded Pakistani herbal
products. Trop. |. Pharm. Res. 2011, 10, 499-506. [CrossRef]

Al-Saleh, I.A.; Coate, L. Lead exposure in Saudi Arabia from the use of traditional cosmetics and medical
remedies. Environ. Geochem. Health 1995, 17, 29-31. [CrossRef] [PubMed]

Nouioui, M.A.; Mahjoubi, S.; Ghorbel, A.; Ben Haj Yahia, M.; Amira, D.; Ghorbel, H.; Hedhili, A. Health risk
assessment of heavy metals in traditional cosmetics sold in Tunisian local markets. Int. Sch. Res. Not. 2016,
2016, 6296458. [CrossRef] [PubMed]

Badea, D.N. Determination of potentially toxic heavy metals (Pb, Hg, Cd) in popular medicinal herbs in the
coal power plant area. Rev. Chim. 2015, 66, 1132-1136.

Jackson, S.E.; Pearson, N.J.; Griffin, W.L.; Belousova, E.A. The application of laser ablation-inductively
coupled plasma-mass spectrometry to in situ U-Pb zircon geochronology. Chem. Geol. 2004, 211, 47-69.
[CrossRef]

Cheng, H.; Shen, L,; Liu, J.; Xu, Z.; Wang, Y. Coupling nanoliter high-performance liquid chromatography
to inductively coupled plasma mass spectrometry for arsenic speciation. J. Sep. Sci. 2018, 41, 1524-1531.
[CrossRef] [PubMed]

Huang, C.-Y.L.; Schulte, E.E. Digestion of plant tissue for analysis by ICP emission spectroscopy. Commun.
Soil Sci. Plant Anal. 1985, 16, 943-958. [CrossRef]

Voica, C.; Dehelean, A.; Iordache, A.; Geana, I. Method validation for determination of metals in soils by
ICP-MS. Rom. Rep. Phys. 2012, 64, 221-231.

@ © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.3390/ijerph13030289
http://dx.doi.org/10.3390/ijerph14101280
http://dx.doi.org/10.3923/jm.2008.683.691
http://dx.doi.org/10.4314/tjpr.v10i4.16
http://dx.doi.org/10.1007/BF00188629
http://www.ncbi.nlm.nih.gov/pubmed/24194037
http://dx.doi.org/10.1155/2016/6296458
http://www.ncbi.nlm.nih.gov/pubmed/27382641
http://dx.doi.org/10.1016/j.chemgeo.2004.06.017
http://dx.doi.org/10.1002/jssc.201701178
http://www.ncbi.nlm.nih.gov/pubmed/29274204
http://dx.doi.org/10.1080/00103628509367657
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Material and Methods 
	Chemical and Reagent 
	Sample Collection 
	Samples Pre-Treatment 
	Sample Digestion 
	ICP-MS Determination 
	Statistical Analysis 

	Results and Discussion 
	Analytical Characteristics 
	Heavy Metals Content in Henna and Walnut Tree Bark Samples 
	Toxicity of Heavy Metals 

	Conclusions 
	References

