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Abstract:

The U.S. Food and Drug Administration defines products cosmetics
(hair dyes) like “goods that are used on our bodies to change hair color,
remove gray hair, improve attractiveness, or change appearance.” This
includes a large number of hair dyes that have become a part of the routine
life modern, especially in women. These products usually consist of a
mixture of chemical components derived from natural and synthetic sources
that are not without traces of the presence of toxic elements (trace elements)
resulting from a mixture of the same components or environmental
pollution. These substances, due to their forced use, may be carcinogenic,
mutagenic or mineral components that may adversely affect human health.
Due to the lack of extensive and sufficient studies on this subject, so this
research focused to determine the concentrations of some trace elements in
some hair dyes imported and locally manufactured in the Libyan markets.
Collected 23 samples of Henna and hair dyes from 11 brands, 6 brands of
chemical hair dyes consist of 3 colors, 1 brand of hair bleach and 4 brands
of Henna dyes, we applied the normal digestion method, weighed 1.0 g of
each sample of hair dye and 0.5 grams of each sample of Henna. The
samples were mixed with highly concentrated acids putted it on a hot plate

until getting the digested and the acidic solutions were filtrated and Samples



were dilute with deionized water. Concentration of Iron, Lead, Cobalt,
Cadmium, Chromium, stannium, Magnesium, Potassium and Arsenic in
hair dyes using an was measured by inductively coupled plasma optical
emission spectrometry (ICP-OES). The results showed that the
concentration of trace elements was (<0.001-0.07 mg L-1), (0.53-95.9 mg
L-1), (71.4-0.09 mg L-1), (62.2-0.07 mg L-1) and (1.28-0.15 mg L-1) for
Cr, K, Mg, Fe and Sn respectively, While the concentrations of the
remaining elements of Co, Cd, Pb and as the results were less than the
detection limit. The standard deviation of the samples was (12.423, 0.0157,
30.791, 23.489, 0.344, 0.000, 0.000, 0.000, 0.000) for Fe, Cr, K, Mg, Sn,
Co, Cd, Pb and As. also for the physical analyzes (conductivity, pH, TDS
and salinity) found that some values exceeded the normal limit for
permissible aqueous solutions it globally as for the Libyan product (Rajhi
Henna) the results did not show any significant difference between it and

other non-local products.

Xi



ol

o Ll (Lmdl) Claaa) Jaanil) il juaniins 45 5aY1 o) sall 5 o123l 5 jla) (a7l

edaall ani ol Apdlall s o gala )l aal A 3] a5 jpnil labual e aaaind
Lala 5 daal) slall (g ) (e 18 3 Gl ) el Glaa (e 1508 1Rae Jady 134
bad) (e dsidal)l Anlasll Gl Sall (e ol he sale bl sda S5 eLall die
o Al (555 paaliall) Aebull yealiall 3 ga b HUT (e 5133 Y ) dpelilaa) 5 dymylall
Lisse (5 _paill Lgalaiinal Camy ¢l gall o2 (5S35 08 ) G gl g s oSl i (e Jala
sa g pdal | plaig el dana o Ul i35 28 diaee b sSa ol <l jilall A g Gyl
O Bl ualiall 3 shad g ddia ) ALYl g gaia sall 138 Jsa 4S5 diapiiiine il 0
5 A yealiall iany ) 58 5 aaat e Gl 138 58 SlA (L) ana e dalodl 3 5l
O Aie 23 Gmen Al 3l (8 Lilae dxiaall 5 32 gl el Clisa (any
o 088 bl el ¢ lual (e IS Jle 6 Ay jlai Adle 11 e el 5 eliall Clisa
Lpnanl) acagll 48y Hla Ui celiall lual Ga gl 514 5 jadl) e e basl 534S e o))l 3
Gliall Lokl &5 coliadl (e die S (e al 2 0.5 goa ol die S el a1 (s dpalall
bt 5 Leadi o5 el a5 clganmn o3 s ALl mtall e 65l Adle o 38 je (alealy
psaadlS) 5 il oS g abia 5 sl 58 55 (el o3 b 5 i ela Aausl g Cilisall
Gl (aliie alaainly jedll Clasa (8 &) 5l 5 o sasli sl 5 @ sasinall 5 jpauaill g o g Sl
aliall 3 5 of il ekl (ICP-OES) &ally ¢ yiiall Lo 33l (5 ead) EilasY)
mg 0.09-71.4) « (mg L2 95.9-0.53) « (Mg L™0.07-<0.001) <& cliall a5 3l
Sle Sn, Fe, Mg, K, Cr e JSV( mg L20.15-1.28) « (mg L 0.07-62.2) « (L2
s e Bl i) cila As s Ph «Cd «Co (e IS Al jualiall <l 3 yi iy ) il
«23.489 <30.791 <0.0157 <12.423) <uilS Gliall (g jlaall il ai¥) a8 | lgadl Caisl)

xii



e As s Pb «Cd «Co «Sn <Mg <K «Cr <Fe (0.000 <0.000 <0.000 <0.000 <0.344
1Al lall ol sall 5 dia gand) s 5o 5 Al sill) 4 o) Ol dpuailly Wl il
Galle Ly = sanal) Al Jdlaall cagadall aad) &) slai 2l lany O a5 a8 (da Ll
(o Oms A (gsine B8 gl il ek o ((aal W dis) () giiell dpsilly Lol

Addaa il sliall Cilatie

xiii



Chapter |
INTRODUCTION

Xiv



INTRODUCTION
1.1 Background:

The practice of changing hair colour is called 'hair colouring'. The main
purpose of this process is cosmetic, which includes covering weak and white
hair, changing to a nice colour considered more fashionable and civilized, or
restoring the original hair colour after it has been discoloured due to hair-
styling operations or solar bleaching. Hair dyeing, an ancient art, involves
treating damaged hair with various chemicals and natural[1]. Hair dyes have
been used by humans since ancient times and were used by ancient
civilizations in most parts of the world. Some of these cultures, such as the
ancient Egyptians, Greeks, Persians, Chinese, and early Hindu peoples, all
mention the use of hair dyes for colouring. Hair dyes were made from plant
leaves, metallic colouring compounds, or a mixture of them. Natural rock
alum, tree wood ash and quicklime were used for bleaching hair in ancient
Roman times. Preparations included ingredients such as birch bark, mullein,
saffron, myrrh, turmeric and Henna, which was known worldwide for
producing a reddish hair dye[2]. In Egypt more than 4,000 years ago, black
dyes were routinely used to dye hair. The dyes were made from a mixture of
Lead oxide and Calcium hydroxide. This recipe made the hair wet; Within
four days, the hair became very black [3]. In the last century, hair colouring
was so routine for everyone that people were not afraid of the negative

effects of these chemicals. In the late quarter of the twentieth century,
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scientists noticed that there are trace elements whose descendants are in dyes,
cosmetics, in general, as impurities from the ingredients of cosmetics or as
additives in these cosmetics, and these are increasing in industrialized
countries[4], Although our bodies require some trace elements in varying
quantities and very little interaction with each other for vital functions in
the body, frequent and excessive exposure to heavy metals can cause
disease[5]. Hair colouring cosmetics are widely used worldwide.
specifically, by the women about 35% over 18 years of age, and 10% of men
to 40 years of age in all countries of the world, especially developed
countries [6]. In an some of try to ensure that hair dyes contain only safe
materials, the European Commission has Adopt guidance 2012/21/EU which
limits the use of around 45 chemicals in hair dyes colours and European
Union Make-up Directives 76/768/EC. (EC) No. 1223/2009[7], Most
mercantile hair dyes have a complex formula, also Contains dozens of
ingredients, and the formulas vary widely from product into product and
large, hair dyes contain dye agents, modifiers, antioxidants, alkalis, soap,
ammonia composite, high wetting agents, fragrances, and a host of other
chemicals that have been used in small amounts to impart special qualities
to hair (like smooth texture)[8]. Oxidative hair dyes are one of the most
important groups of hair dye products and their market share in the United

States of America (USA) or the European Union (EU) is close to 80%. The



Oxidative hair dyes consists of two ingredients that are packed apart and
mixed together prior to application which Lead s to chemical interaction of
the hair dye[9], Trace elements are a term that includes chemical elements
with very similar chemical properties, and some of these Trace elements may
be harmful if their concentrations are higher than the normal limit[10], Trace
elements are one of the oldest toxic elements and compounds known to
humans and a subject of important scientific research because of their real
toxic effects[11]. Fine Chemical analysis is so important to know the
accumulation concentration of trace elements and then their effect on the
organism[12]. Trace elements are found naturally in different concentrations
in the surrounding environment such as soil, water and rocks. Also, some
rare metals are considered toxic in low concentrations, while others are non-
toxic except in high concentrations[13], The toxicity of metals relies on the
dose absorbed, the mode of exposure and the duration of exposure[5]. Trace
elements are one of the most serious environmental pollutants, some of them,
at very low values can pose a danger to human health because they have a
long biological half-life, are non-degradable, and are very toxic at low
concentration[14][15]. Due to the extent and frequency of human contact
with hair colouring products, hair dye ingredients should not be harmful to
human health under normal or expected conditions of use[16]. In general, the

toxicity of metal ions to mammalian systems is due to the chemical



interaction of ions with enzymatic cellular proteins, enzyme systems and
membranes. The target organs for specific metal toxicity may be those
organs in which the highest concentrations of metals accumulate in vivo.
This often depends on the route of exposure and the chemical compound of
the metal, i.e., its symbiotic state, its volatility, its solubility in fats, etc.
Today scientists are most concerned about the potential for cancer-causing
metal compounds like Nickel and Chromium, which have low concentration

and have been linked to a number of human cancers [17].
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1.2 problem Statement of the study:

Trace elements have a significant impact on our environment and Its
presence is difficult to avoid and their effect on the human body, some of
them be necessary for the human organism, Others are highly toxic in very

low concentrations to humans.

The trace elements contained in hair dyes may threaten the health of the

consumer.

Trace elements have the ability to penetrate through the human skin and
hair roots and therefore their deposition in the body in varying concentrations

may cause great damage to the vital organs.

Due to the excessive consumption the cosmetics, particularly hair dyes
in Libya, finite studies have measured human exposure to trace elements

from these products.

It is important to determine the content of some trace elements in the
products of different manufacturers of hair dyes and natural hair dye called

(Henna) used in the Libyan market (Tripoli).

1.3 The aim of the study

The aim of this study is to determine some of trace elements
concentrations by Inductively Coupled Plasma Emission Spectrometry (ICP-

OES) in 23 types of different manufacturing companies' hair dyes are sold in

5



different markets in Tripoli with the aim of evaluating the possible dangers

these dyes could cause to customers.

1.4 Objectives of the study:

1. Determination of some trace elements content in hair dyes and (Hanna)

available in Libyan market.

2. Identifying the trace elements with the highest concentration in hair dyes

and knowing how harmful they are to human health.

3. Recommend strategies that can be taken to reduce human exposure to high

concentrations of trace elements.

1.5. Study subject:

In this study, several types of hair dyes that are most sailed in the Libyan
market and different in the countries of manufacture were selected, as they
were chosen equally between the European, Arab and local industries. Hair
dyes are one of the sources that can cause harm to the human body due to the
adoption of the application of these chemicals directly to the skin of the head,
where the danger is that the skin can run out of heavy metals that are
dangerous to human health, causing their accumulation inside the human

body, causing poisoning or suffer from multiple diseases.
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LITERARURE REVIEW

2.1 Nature hair dyes:

Graying of scalp hair is an inevitable physiological process with age.
Due to this process, pigment-forming melanocytes are lost from primary hair
follicles, reflecting the loss of melanocyte stem cells in ageing hair

follicles[18].

2.2 classified hair dyes into four categories as follows:

» Metal salts.
= Direct (temporary or semi-permanent) dyes
= Oxidative (permanent) dyes

= Natural dyes

Oxidative hair dyes are the most important group and have a market

share in the EU or the US of 80%[19].

Hair consists of the root hair trunk. Where the column consists of three
layers. The cuticle consists of well-packed colourless cells, the cortex also
contains natural colour pigments that determine the colour of his hair and the
cortex has a hollow core. Larger particles of temporary hair dye do not have
the ability to penetrate and the combination of oxidizing and alkaline agents
causes swelling of the hair scalp. It facilitates the spread of the colourless

substance in the cortex of his hair, which Lead s to bleaching of the natural



melanin pigment of his hair. Ultimately, the oxidation of the colourless
precursor moves large colour molecules to be trapped within the hair
coat[20], Thus, the hair shaft can preserve oxidative damage by using
permanent hair dye. The level of damage is increased with dark pigments
(e.g., black, dark brown and dark red) because dark pigments need high

concentrations of precursors [21].

Permanent hair dyes are damaging nature, especially those of a dark
colour. According to international associations, there is a possible link
between these dyes and human cancer. Also, semi-permanent hair colour
contains an alkalizing agent other than ammonia (such as Sodium carbonate
and ethanolamine) with a lower level of hydrogen peroxide (relative to
permanent hair colour) [22] [23], It differs from other dye classes because it
consists of two mixtures of ingredients prior to use and production. Chemical
processes deposit colour on or in the hair. Modern oxidative dyes include a

variety of important components|23].

Primary intermediates: Among them are para-phenylenediamine (PPD),
Para-toluendiamine (PTD), Substituted Para diamin, Ortho or Para-
Aminophenol. Oxidation of these substances and conjugation with the
modifiers result in coloured reaction products. Content From the main
mediators in hair dyes ranges from 0.050% (light colours) to 1.50% (dark

pigments).



Couplers or modifiers: Among them are substitutions include meta-
Aromatic derivatives such as m-phenylene-diamine, m-aminophenol,
resorcinol or others. Couplers are contained in an approximate 1:1 molar

ratio.

Oxidants: Hydrogen peroxide, Urea peroxide, Sodium Percarbonate or

perborate.

Alkalinizing agents: Aminomethylpropanol or monoethanolamine,

ammonia.

Direct dyes represent the second category of economically important
hair dyes, and contain colours that are transient and semi-permanent.
Temporary  colouring agents include azo-, triphenylmethane-,
anthraquinone- or indamine pigments, whereas some azo dyes, nitro-
aminophenols, and nitro-phenylenediamines are found in semi-permanent
colouring compounds. Mineral salts are mainly used to cover gray hair. The
hair is generally based on Lead acetate and other heavy metals, which are
restricted to the EU maximum of 0.60% of content Lead reship(is]. Plant-
based natural dyes are made of relative value Small but increasingly
economically important. The majority of natural dyes employ (Henna),
which is made from the leaf extract of the North African plant (Lawsonia
inermis) or its pure chromosomal component (Lawsone; 2-hydroxy-1,4-
naphthoquinone)[16].
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Background Henna is Lawsonia inermis, family Lythraceae is a naturally
occurring plant grown throughout Africa and Asia. Marketed Henna is a
natural powder derived from the dried and crushed leaves of the plant. Henna
Is very popular in many parts of Libya because it is part of the culture and

traditions.

2.3 Trace Elements Definition:

A chemical element required in minute quantities by an organism
to maintain proper physical functioning, Metals as trace elements
Metals are generally solid materials at room temperature, have
luster, high electrical conductivity, ductility, and can lose electrons
and form positively charged ions. According to their position in the
periodic table, they are composed of transition metals, alkali metals,
alkaline earth metals, and rare earth metals[24].

2.4 The effect of Trace elements on human health:

Trace elements metals can seriously poison the enzyme systems,
increase the production of free radicals and replace or mix them with the
necessary elements that make up the enzyme-mineral mixtures and combine
them with impregnations of food minerals, as Lead acetate is used as the

colour additive in "gradual” hair-dyeing products[25].
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Pregnant women and infants are particularly vulnerable to this because
easy driving can cross the placenta and enter the fetus's brain, it can also be
transmitted to infants through breastfeeding[26].

Heavy elements ions are absorbed upon petition with human skin and
form a few compounds inside the body, which Lead to erratic or fatal
function of cells and produce various diseases, to amine (-NH2), carboxylic
acid (-COOH) and thiol (-SH) proteins[27]. Long-range exposure to certain
trace elements may cause disorders, including cancer, cardiovascular
disease, reproductive and developmental disorders, lung damage,
neurological disease, kidney and liver problems, cardiovascular disease and
hair fall or breakage. In particular, Nickel, Cobalt and Chromium act like
strong skin stimulators; anyway, Arsenic, Lead, mercury, Antimony, and
Cadmium, are highly toxic and have long-lasting effects[28].Some scientists
believe that hair dyes can Lead to cancer, especially when using dark colours
[29].

2.5. Trace elements:
2.5.1. Lead (Pb):

= EXposure sources:

Lead is one of the oldest known historically heavy metals. The ancient
Babylonians, Greeks and Egyptians were involved in the manufacture and
welding of water pipes. Lead compounds are abundant in the earth's crust.

Lead is mainly used in the manufacture of storage batteries, electrical wires,
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and industry Shields protection from X-ray and rumors that emit nuclear
reactors. Lead compounds are also heavily involved in the synthesis of paint
pigments (Lead sulphate is white, Lead sulfate is black, Lead Chromate is
yellow and Lead carbonate is white and in the manufacture of Ceramics and
pesticides [30].

= Physiological role:
Lead is a metal that is toxic to the body and does not have any important
physiological role[30].

= Toxicokinetic:
a. Absorption: Lead is absorbed through the digestive tracts, but its
bioavailability depends on its intake with food, where its absorption
decreases in the presence of food becomes 12% or less, while without food
it is absorbed by 23%[31], Digestive absorption is affected by several factors
such as age Absorption in children is higher than in adults), fasting the
presence of food in the digestive tract reduces the absorption of water-
soluble Lead ), normal diet (the presence of Iron reduces the absorption of
digestive Lead , and the presence of Calcium and phosphorous also reduces
absorption). Its absorption increases during pregnancy), by dose, and by the
size of the particles ingested[32] [30]. It is also absorbed when it enters the
respiratory system, and its skin absorption is in a small amount.
b. Distribution: Lead is distributed in the plasma where it is found in the

blood — mainly in the red blood cells account for 33% of the total, and it is
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distributed in the soft tissues in a basic way as well. It is present in high
concentrations in the liver, lung, spleen and soft tissues and then
redistributed to accumulating emulate in the bones. That is, Lead is not
distributed in the bones in a basic way, but rather accumulates within them

due to the effectiveness of Calcium in them[31].

c. Metabolism: Organic Lead compounds are metabolized in the liver by
oxidative dealkylation by cytochrome 450CYP enzymes. As for the
inorganic Lead compounds, they are not metabolized or bio transformed, but

rather form complexes with different proteins[31].

d. Excretion: It is excreted by the kidneys in the urine as soluble salts or
through the bile conjugated with organic compounds[31]. In addition to
secondary elimination pathways such as sweat, saliva, nails, hair and breast

milk[30].

= Mechanism of toxicity:

The toxic effects of Lead include all parts and systems of the body, due
to the ability of Lead to inhibit or mimic the action of Calcium and to bind
to important proteins in the body by binding to sulfhydryl groups, amine
groups, phosphate groups, and carboxyl groups, Lead increases the
intracellular Calcium concentration in blood vessels, nerve cells (neurons),
liver cells and various arteries, which Lead s to smooth muscle contraction

and thus an increase in arterial pressure.
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The circulating level, Lead interferes with the biosynthesis of heme
through its inclusion in ferro chelatase, ALAS (aminolaevulinic acid

synthetase) and ALAD (aminolaevulinic acid dehydrase) enzymes.

The bone level, Lead causes a change in the levels of 1.05-
dihydroxyvitamin D (1.25-dihydroxyvitamin D), causing a change in

Calcium homeostasis in the bones and a change in osteoblast function.

At the level of the nervous system, Lead replaces Calcium, which acts
as a second messenger in the neurons, blocking the voltage-related Calcium
channels, inhibiting Calcium flow, releasing neurotransmitters later. As a
result, synaptic transport is inhibited. Lead also inhibits the process of
glutamate uptake and the activity of the enzyme glutamate synthetase in
astrocytes Lead Ing to inhibition of glutamate regeneration and high

excitability in neurotransmission[31].

On the molecular level, Lead causes carcinogenicity but the gear mechanism
is completely clear.
= Acute toxicity:
Excessive exposure to Lead results in cramping, abdominal pain, and
constipation. This may be associated with nausea, vomiting, and bloody
stools. Patients initially show signs of fatigue, apathy, pain of unknown cause

in the digestive tract which later turn into neurological symptoms[31].
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= Chronic toxicity:

Chronic exposure to Lead causes anemia and jaundice, due to acute
hemolysis. Examination of the gums also shows the appearance of

blue-gray pigmentation "Lead streaks".

= Treatment
Acute poisoning is treated by injection of chelating agents from
Dimerco Bal and EDTA-2CaNa together to reduce Lead absorption.
It is permissible to take it orally for the treatment of poisoning in

children when the concentration of Lead in the blood more than 15ug /d1[31].

2.5.2 Cadmium (Cd):

= Routes of exposure:

Cadmium is used as an astringent, and it is also included in the
composition of number of an important adhesive substance. The presence of
Cadmium is due to the environment from coal combustion, waste burning,
metal smelters, and the use of phosphate chemical fertilizers. Cadmium
exposure is product from drinking water, from cigarette smoke, and from
food as the U.S.EPA in foodstuffs in cereals, potatoes and leafy vegetables
having the highest content of Cadmium. On average, a person consumes

about 32.0ug of Cadmium daily and 3.0ug daily if he is a smoker[31].
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= Physiological role

Cadmium has no physiological role in the body[33].

= Toxicokinetic:

a. Absorption: Its absorption depends on the way it enters the body. Its
intestinal absorption is small (less than 3% of the dose of Cadmium
ingested in the gastrointestinal tract). As for pulmonary absorption, it
may exceed 32% as it enters through the alveolar epithelium and then
enters the bloodstream.

b. Distribution: Cadmium is distributed through the blood to a number
of tissues and is concentrated in them, especially in the acacia and rind
because it contains a large amount of metallothionine.

c. Metabolize: The direct metabolic method, such as oxidation, reflux,
or alkylation, was not known. However, the Cadmium ion is bound to
anionic groups, especially sulfhydryl protein groups, especially
albumin and metallothionine and their protein molecules.

d. Excretion: Most of the unabsorbed Cadmium ingested orally or by
inhalation is transported to the gastrointestinal tract through mucosal
cilia and is excreted in the feces. As for the absorbed Cadmium, it is
very slowly excreted in the urine and feces, with a half-life of more

than 2 years in humans[30] .
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= Mechanism of toxicity:

Cadmium is dangerous for two reasons: Its biological half-life (20-30
years) and its accumulation in tissues. Acute poisoning rare, with Cadmium
causing lung damage. It damages the intestinal mucosa, while in high doses
it causes liver damage showed hepatic necrosis with inflammatory cell
infiltration. As for chronic nephrotoxicity, harmful pathogens accumulate in
the proximal tubules of the renal nephron, which is represented by severe
proteinuria, as a result of reduced reabsorption of low molecular weight
proteins. Cadmium toxicity — acute hepatocellular and chronic renal — is due
to the molecular level to the binding of Cadmium to sulfhydryl groups,
especially in the complex metallothioneine (MT), in the form of the
Cadmium-metallothionine complex (Cd-MT), which is excreted from the
liver into the kidneys. The tubular lumen accumulates in the epithelial cells
of the proximal tubule cells, releasing the academia with lysosomal
degeneration. In 1993, Cadmium became a human carcinogen, occupational
exposure to it was inflicted on those prone to prostate and lung cancer by a

very clear mechanism[31].

= Acute toxicity

It usually counteracts acute Cadmium poisoning by exposing Cadmium
or mononitrate. Its salts are heated, and we have Cadmium oxide fumes,
which you inhale and give rise to two Symptoms are similar to spray
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infection, while severe exposure to such causes fumes that cause lung

damage[31].

= Chronic toxicity

Chronic exposure to Cadmium affects the kidneys, lungs, and bones.
What is the price It contributes to cancer at the kidney level and to pulmonary

hemorrhage Emphysema Osteoporosis and osteoma Acia[31].

= Treatment

There is no cure for Cadmium poisoning, especially if Cadmium ions
accumulate in the body However, administration of Calcium and Zinc
compounds stimulates the synthesis. This may have led to competition with
Cadmium for enzymatic binding sites. This is why tender Zinc and Calcium

supplementation may reduce Cadmium nephrotoxicity[31][30].

2.5.3 Iron (Fe):

» Routes of exposure:

Iron exposure is mainly through food, especially in people with a
genetic predisposition to increased Iron absorption. There are many foods
that contain Iron, such as liver and dark green leafy vegetables. Mineral
water is also another source of Iron as well as soil (because it is the most
abundant mineral in the earth's crust), as well as the use of Iron-containing
pharmaceuticals as nutritional supplements[34].
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= Physiological role:

Iron is an important element in the body, as it is involved in the
formation of hemoglobin. Myoglobin is also a necessary component of
oxidative phosphorylation because it is a component, of cytochromes and
Iron-containing proteins. It also requires the neutralizing enzyme

Myeloperoxidase to function fully Suitable[35].

Iron deficiency anemia is the most common cause of anemia. Where A
third of the world's population suffers from it. Because Iron is necessary for
the body to enter it, Normal composition is one of the important vital
components and its deficiency leads to serious effects on the cellular

functions of many organs [34][36].

= Toxicokinetic:

a. Absorption: Iron is usually poorly absorbed; only 10% of
Blacksmiths are consumed medicinally, but in the cases of severe
need, the percentage of blacksmiths increases. Absorption percentage
up to 30%.

b. Distribution: The absorbed Iron travels to the liver and bone marrow
to produce hemoglobin and myoglobin, and various tissues to enter
the synthesis of proteins and enzymes Cytochromes.

c. Excretion: is mainly excreted in the feces, and it is excreted in very
small quantities in the feces Paul[35].
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= Toxicity Mechanism:

Acute Iron intake Leads to cell damage and organ damage; it affects the
beta cells of the heart, liver and pancreas, due to its induction of
glycogenesis, free radicals (Fenton reaction). Their accumulation in particles
makes them sensitive to rupture and thus limits the release of their enzymes
into the cytoplasm Acute phagocytosis and acute cell death programmed cell

death, necrosis[35] [37].

= Acute toxicity:

Acute poisoning is divided into several clinical stages, namely:

a. Gastrointestinal poisoning

b. Circulatory shocks and metabolic acidosis

c. liver toxicity

d. gastrointestinal scarring[35]

» Chronic toxicity:

Symptoms of chronic poisoning include disturbances in liver function

due to depression and Iron in hepatocytes[35] [37].

= Treatment:
Treatment aims to remove Iron from the digestive tract by inducing

vomiting. Deferoxamine is an Iron chelating compound and is one of
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the Treatment options in cases of acute Iron poisoning. Phlebotomy
can be used as a treatment for Iron poisoning Where 02 mg of Iron is

eliminated in this way[35].

2.5.4 Cobalt (Co):

= Routes of exposure:

Cobalt is found widely and in low concentrations in the environment,
so it may limit poisoning Exposure to Cobalt through food, drinking water,
or air channels. May also limit exposure through skin contact with soil or

water or its waste.

However, food is the main source of Cobalt, with an average individual
eating 0.11 mg L of Cobalt per day in his diet, including vitamin B12

content and Cobalt intake[38].

As for occupational poisoning, it is limited to metal miners by inhaling

large amounts of it[39].

Cobalt is an important mineral element because it is included in the
vitamin B12 complex. It is Necessary in maintaining human health (its
deficiency causes anemia), (as Cobalt is sometimes used to treat anemia)

0.16-0.1 mg L™ of body weight[40][36].
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= Toxicokinetic:

a. Absorption: The amount of hydrated Cobalt ranges between 5- 45%
and depending on the state of health, the amount eaten and the period
of time taken while taking Cobalt. Cobalt absorption also increases
when it is deficient the body's need for it. It also absorbs Cobalt if it
enters the respiratory tract{41]. With skin contact, especially damaged
skin[30].

b. Distribution: Absorbed Cobalt is distributed to all tissues of the body,
but mainly in the liver, kidneys and bones[38] The excretion of slowly
absorbed Cobalt is excreted mainly in the urine. Part of it is excreted
through feces[42].

e Mechanism of toxicity:

Cobalt generates free radicals, including peroxides, in addition to its ability
to formation of toxic oxygen species, Lead in to increased and emergence of

oxidative stress and its toxic effects on the lungs in particular[30].

e Chronic toxicity

Symptoms of poisoning appear on a number of parts of the body, including:
a. dermatitis[43].

b. Increase in the number of red blood cells RBCs[33].
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c. Respiratory effects include coughing, wheezing, shortness of
breath, decreased function, lung and respiratory infections,
asthma and pulmonary fibrosis [30]

d. goiter[30].

e Treatment:

The patient is treated by inducing vomiting and performing procedures for
him. A chelating agent is also used in treatment N-acetylcysteine (NAC) is

the most effective chelating agent in the treatment of poisoning Cobalt [30].

2.5.5Chromium (Cr):

» Routes of exposure:

Food is a major source of Chromium exposure, such as meat and
vegetables Acidic foods in contact with stainless steel bowls or utensils Rust
has higher levels of Chromium due to its exudation compared to stainless
steel. Since Chromium is a component of the earth's scale, large amounts of
it are transferred to the water and soil. The presence of Chromium in
phosphate fertilizers may be responsible for Its presence in water, soil and

some dirt[30][44].

It is also exposed professionally by inhaling or touching the dust it contains

skin[45].
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= Physiological role:

Strengthening the interaction between insulin and its receptors on cell
surfaces as a component Glucose tolerance factor (GTF) has a synergistic
effect with insulin in improving it Metabolism, as a result, Chromium
deficiency causes an increase in blood sugar and an imbalance in endurance

Glucose[30].

= Toxicokinetic:

a. Absorption :Only 1-2% of Chromium is taken orally. Professionally,
it sucks Dust containing Chromium is respiratory, and Chromium
penetrates the skin especially in the presence of skin damage.

b. Distribution: The largest distribution of Chromium is found in the
lung, spleen, liver, kidney and bone. As such Chromium crosses the
placental barrier in fetuses.

c. Excretion: The excretion is excreted mainly in the urine and partly in
the Stool, hair and nails It is also excreted in breast milk[30] [44] [45].

d. Mechanism of toxicity:

The Mechanism of toxicity of Chromium depends on the oxidation state
of the Chromium atom Hexavalent is more toxic than Chromium because it
has a higher oxidation capacity and more able to enter cells[30] [44]. The
toxic effect of hexa-Chromium is due to its feedback products entering the
ring Oxidative stress is associated with the formation of reactive oxygen
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tables that cause oxidative stress, which interact with the presence of proteins
and DNA, there are a number of harmful effects in it and thus in its

generation of cancers[46].
= Acute toxicity:
Acute exposure to Chromium causes many diseases, including the following:

At the level of the kidneys, renal tubule necrosis may occur, and death
may occur if it exceeds the dose, it is 5 g. At the level of the liver, diffuse
hepatic necrosis appears within 10 hours if it is the dose is 5 g. Severe
gastrointestinal bleeding, Neurotoxicity, Bloody urine, At the level of the
respiratory system, this causes tingling in the airways, jaundice, dysuria

Appearance of albumin in urine[47][48].

= Chronic toxicity:

Chronic occupational exposure to hexa-Chromium usually results in
localized lesions.

Include the following:

1. A corrosive reaction in the nasal septum appears with severe
ulcerations of the nasal septum, and Lead s to ulceration on both sides.
Cartilage necrosis eventually Leads to perforation of the nasal septum.

2. Local effects in the lungs (pneumonia).
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3. Chromium ulcers caused by Chromium corrosion Hexagonal, allergic
eczematous dermatitis, Carcinogenic effects of chronic occupational

exposure to carcinogenic Chromium compounds lung[48][49].

» Treatment:

In cases of digestive poisoning with Chromium compounds, vomiting
occurs through the procedure of Gastric bypass but if Chromium is absorbed
into the body, the poisoned person is given chelating agents such as Ca-
EDTA, in cases of severe poisoning, Chromium toxins should be excreted
by inhalation in the open air While monitoring for respiratory distress, this
IS accompanied by the administration of oxygen and medication

bronchodilator[48][50].

2.5.6 Arsenic (As):

= Routes of exposure:

One of the most significant heavy metals that is unsettling the
environment and human health is Arsenic. It is widely available as oxides,
sulphides, or salts of Iron, Sodium, Calcium, Copper, and other elements,

has a semi-metallic quality, and is noticeably poisonous and carcinogenic.

It is most common element on earth, Arsenic, is toxic to both the
environment and living things in its inorganic forms, such as Arsenic and

arsenate compounds[51] Natural geological processes and human actions
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both contribute to Arsenic contamination. Human activities like mining and
ore processing are sources of Arsenic. also, Arsenic can be released
throughout the smelting process, whether ancient or modern, into the air and

soil[52].

Arsenic is a common ingredient in paints, dyes, soaps, metals,
semiconductors, and medications. In addition, some pesticides, fertilizers,
and methods of feeding animals release more Arsenic into the environment.
It has been determined that Arsenic in its inorganic forms, such as Arsenic
and Arsenic compound, poses a greater threat to human health. They are
extremely carcinogenic and can result in skin, bladder, lung, and liver cancer.
Arsenic exposure in humans occurs through food, drink, and the air. One of
the Lead in causes of Arsenic poisoning in more than 30 nations throughout
the world is drinking water contamination[53]. Health risks to people can
arise if groundwater levels of Arsenic are 10-100 times higher than what the

WHO recommends for drinking water (10 pg/L)[54].

= Physiological role

Arsenic is a metal that is toxic to the body and does not have any

important physiological role.

= Toxicokinetic:
= Arsenic is the twenty-first most common element on Earth, and both

the environment and living things are killed by its inorganic forms,
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such as Arsenic and Arsenic compounds. Arsenic may be ingested by
people naturally, through industrial sources, or by accidental sources.
Pesticides containing Arsenic, naturally occurring mineral deposits, or
incorrect disposal of Arsenic compounds might all contaminate
drinking water[55]. It is a highly toxic and carcinogenic substance,
and it is widely available in the form of oxides, sulphides, or salt of
Iron, Sodium, Calcium, Copper, etc.

= Mechanism of toxicity:

inorganic Arsenic (1As) is a carcinogen that ranks the 20th in terms of
frequency of elements in the earth’s crust with an average of 1.8 mg/kg. It is
naturally found in the oxidation state of As V (arsenate) and As Il (arsenite),

the latter being about 60 times more toxic than the former[56]

The biotransformation pathway of As involves several changes in oxidative
state, oxidative methylation, and production of at least four metabolites.
When this metalloid enters the body, iAs is metabolized from arsenate to
Arsenite and then metabolized by oxidative methylation to monomethyl
Arsenic (MMA). After the conversion from arsenate to Arsenite, at the final

methylation stage, dimethylarsinic acid (DMA\) is produced [57][58]

iAs (V) ———iAs (III) ———> MMA (V) ———> MMA (III) ——— DMA (V)
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= Acute toxicity:

Intentional consumption of Arsenic in the event of suicide attempts or

accidental consumption, in children, may also Lead to severe poisoning[59]

= Chronic toxicity:

Chronic Arsenic poisoning in humans has cutaneous manifestations
due to its specificity in diagnosis. Pigmentation and keratosis are specific
skin lesions indicative of chronic Arsenic poisoning[60]. Labelled
“raindrops on a dirt road” (bone marrow; non-neoplastic, benign and toxic
changes to Arsenic, available from dermatological lesions caused by Arsenic

poisoning

Vascular damage can result from exposure to low doses of Arsenic.
Vomiting, nauseousness, and irregular pulse, decreased production of red
blood cells, white blood cells, Tingling sensation in hands and legs. Skin
lesions, internal malignancies, neurological issues, lung disease, peripheral
vascular disease, hypertension, cardiovascular disease, and diabetes can all

develop as a result of prolonged exposure[61].

= Treatment:

Bio-methylation is the detoxification process and its end products are
inorganic methyl Arsenic such as MMA (V) and DMA (V), which are
excreted through the urine, and is a biomarker of chronic Arsenic exposure.
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But, MMA (111) is not secreted and remains inside the cell as an intermediate
product. Monomethyllarsonic acid (MMA I11), an intermediate the product
is highly toxic compared to others including Arsenic which is potentially
responsible for inducible Arsenic Carcinogenesis[55]Chronic Arsenic
poisoning Lead to many irreversible changes in the vital organs of the human
body and the mortality rate is higher. Despite the magnitude of this
potentially fatal toxicity, it has been concluded that there is no effective

treatment for this disease[59].

2.5.7 Stannum (Tin) (Sn):

Grasping cellular physiology and pathology requires a thorough
understanding of the mechanisms driving selective toxicity. The molecular
mechanisms causing specific toxicity are classified as such because they
directly impart protective and cellular damage-promoting effects. Organotin
compounds are among the top selective cytotoxic agents that cause cell
damage[62]. In particular, the three-substituted organic tin shows different
tissue cellular damage patterns that depend on the alkyl chain length. The
substituent groups on Hazardous effects are caused by groups like ethyl,
methyl, and butyl on the tin atom, to some extent directly. It causes myelin
swelling and cerebral edema, and TMT salts also Lead to rapid selective

apoptosis in certain peripheral regions of the mammalian nervous system,
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and many specific subsets of cells of the immune system[63]. As opposed to

that, tributyltin (TBT) T cell apoptosis is triggered by salts[64].

= Physiological role:

There is no known biological role for tin in living organisms. It is also
difficult to absorb humans and animals easily. It is still unclear, but the
possibility of organotin toxic substances activity concurrent biological

processes that differ from Sn's typical biological function[65].

= Toxicokinetic:

Tin can get into when you consume contaminated food or drink polluted
water, it enters your body. Tin can be ingested, touched, or inhaled when
exposed to air, water, or soil pollutants, or it can be found in some soils. Tin
in food is ingested in trace amounts, which pass through the digestive tract
and enter the bloodstream. The majority of the tin passes through your
intestines and is excreted in your stool. Urine from some people contains
your body. Tin dust or fumes may be caught in your lungs if you breathe
them in, although this won't stop you from breathing if the amount is
minimal. Most inorganic tin may be eliminated by your body in less than a
month, but not all of it remains in your body for two to three months. The
dangers of tin are becoming increasingly important due to the increased use

of tin in plasticizers, fungicides, mollusks It remains in your body for two to
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three months. the dangers of tin and antitumor agents and the resulting

increased human exposure to organic and inorganic tin compounds.

= Acute toxicity:

Exposure to a large amount in a short period of time to organotin
compounds causes respiratory tract irritation, irritation of the skin and eyes,
gastrointestinal effects, and neurological problems. After the poisoning,
certain neurological issues lasted for years. After ingesting extremely high
amounts, fatal occurrences have been observed. Animal tests have revealed
that organic tin is safe primarily affects the body's immune and nervous

systems.

= Chronic toxicity:

Inorganic tin compounds enter the human body and quickly leave it
after breathing or ingestion. Typically, they don't have any negative effects.
However, anemia, liver and renal issues, as well as stomach distress, have
been reported in humans who were exposed to significant doses of inorganic
tin during studies. Animal studies with inorganic tin have revealed outcomes
resembling those seen in people. There is no proof that substances containing
inorganic tin alter birth abnormalities, genetic changes, or reproductive
functions. Cancer-causing organotin chemicals are not known to exist. Some
organotin compounds have been proven to have negative effects on humans
when inhaled (through breathing), orally (through eating or drinking), or
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topically (through skin contact). However, the principal effect will vary

depending on the particular organotin compound.

» Treatment:

Tin itself is not actually a toxic metal, as there are no recorded cases of
poisoning by tin, its oxides, or any of its inorganic salts, but some organotin
compounds are highly toxic, close to that of cyanide[66], The allowable limit
for exposure to metallic tin in the workplace has been set by the US
Occupational Safety and Health Administration (OSHA) at 2 mg/m3 during
a period of eight working hours; the same amount as a suggested value by
the US National Institute for Occupational Safety and Health; but at levels

greater than 100 mg/m3, so metallic tin is dangerous to living organisms[67].

2.5.8 Potassium (K):

Is a crucial part of cations in extracellular and intracellular fluids.
Together, they serve a crucial physiological role in regulating bodily fluid
balance as well as membrane potential, contraction, and muscle contractions.
It has a significant impact on health, including blood pressure (BP),
cardiovascular disease (CVD), arrhythmia and glucose disease (CVD),
stomach cancer, osteoporosis, Asthma, kidney stones, sclerosis and muscle

weakness[68].
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The average daily Potassium intake ranged from 90 to 120 mmol.
Increased Potassium intake did not appear to have any negative effects on
lipid levels, renal function, or catecholamine concentrations. These BP
findings concur with a prior meta-analysis of 33 randomized controlled trials
(26 participants) [69]

Individuals who have high levels of blood pressure, high levels of
potassium, and high urinary sodium excretion will have an easier time

lowering their blood pressure when potassium consumption increases[67]

2.5.9 Magnesium (Mg):

Is naturally present in bone tissue and is necessary for human
metabolism[70] [71] ,It ranks as the fourth most abundant cation in the
human body, the proportion of 1 mole of Magnesium stored in the body of
a normal adult being about 70 kg, approximately half of the total
physiological Magnesium stored in bone tissue [70] ,Magnesium is a
cofactor for many enzymes in the body, and it stabilizes DNA and RNA
structures[71] The level of Magnesium in extracellular body fluids ranges
between 0.7 and 1.05 mmol/L, so Kidneys and intestines maintain
equilibrium [70]. But levels of Magnesium in the blood that exceed 1.05
mmol/L can Lead to severe muscle paralysis in the body, hypotension, severe

shortness of breath[72] and cardiac arrest if the serum level is extremely high
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of 6-7 mmol/l, The occurrence of hypermagnesemia is rare due to the large

and active excretion of the element in the urine[70] [72] [73].

2.6 Heavy metals in hair dyes:

Hair dyes have been in use for at least 4000 years. Where they found it
in the hair of Egyptian mummies, it was dyed with Henna. In the days of the
ancient Roman Empire, Lead combs dipped in vinegar were permanently
used to darken white hair to gray. Today, humans use large numbers of hair
dyes. Due to the constant human desire to improve our appearance, these
products play a major role in our quality of life[ie]. Thus, the traceability of
the presence of these metals in food, water and other habitats is significant
for the study of chemistry, ecology, and human health, and is very important
and necessary for public safety[74]. Prior to 1960, it was widely believed
that skin could not absorb personal care items. As a result, some local
consequences among consumers of such goods raise questions about public
safety, and it was later shown in some studies that some of them are capable
of penetrating the skin[75]. Since hair dyes in general are cosmetics,
Regulation (EC) in the European Union No. 2009.1223 states that their
components must adhere to a number of severe standards. According to the
list of forbidden substances in cosmetic compounds, restricted minerals in
the case of cosmetics include As, Cd and Cr, Co, Hg, Ni, Pb, and tin[76]. As

a result of Health Canada's (HC) recent publication of a cosmetic hot list in
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2015, some minerals like As, Cr, Cd, Sh, Hg, and Pb (and their components)
are now restricted or forbidden from use in cosmetics[77]. Furthermore,
Canada defined the average percentage of impurities in heavy metals in
cosmetics as 10ug/g of As, Hg, Cd, 10ug/g of Pb, and 5ug/g of Sb[78]. The
rate of heavy metal impurities in cosmetics was also specified by the German
federal government as follows: 15 pg/g of As, 120 ug/g of Hg, 120 pg/g of
Pb, and 110 pg/g of Sb[79]. Various amounts of this mineral density have
been found in various hair dye brands, according to several researchers from
Saudi Arabia, Iran, India, Turkey, Nigeria, and Brazil[80]. Thus, before
going on the market, this kind of cosmetics and its contents must be
thoroughly and comprehensively assessed and be safe for use under typical
conditions. As a result, investigations were conducted on the levels of heavy
metals in both natural and chemically treated hair in various marketplaces
across various nations. For instance, quantities of Lead, Copper, Iron, and
Cadmium in Irag were found to be between 0.41 to 0.91 mg L, 0.26, 0.31,
0.11and 0.16 mg L™ respectively[81]. Additionally, in a different
investigation on natural hair colouring in Nigeria, levels of Copper, Lead,
Chromium, Nickel and Zinc were reported in the ranges <0.03-20.5, <0.03-
3.5,<0.1-9, 1.33-8.4 and <0.03-298mg L. The millionth. million moreover,
they discovered that Al, Cd, and Co concentrations were below the detection
limit;g2). Furthermore, the levels of Cadmium, Lead and Nickel were

checked on both natural hair dyes and the dye sold in the Turkish market.
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The concentrations for the two natural hair colours, the simultaneous hair
dyes had acceptable Pb, Cd, and Ni values in the ranges of LOD-0.56 mg g
1 LOD-0.011 ng g*, and 0.030-0.37 mg g*. 0.033-0.065 ng g, 0.60-0.93
mg g%, and 0.49-1.06 mg g, respectively[83]. There is a study that made it
clear the average Fe defined in hair made from hair is 209.8 mg/kg [14]. In
another study on WA hair dyes, they were reported as 20.3x103mg/kg and
10.2 x103mg/kg, respectively [84].In a previous study mentioned that the
concentration of Cr in 12 brands of preparations (L4 to L13, L22 and L23)
was below the detectable limit. The maximum concentration of Cr was
determined at L20 (0.69 = 0.02 mg L-1) [85] relatively, Also in a previous
study it was the Potassium and magnesium concentrations in hair dye
samples ranged between for K (8.33-3.67 mg L-1) [86]and magnesium
ranged between (2.71-1.44 mg L-1) [86] .Sn According to the World Health
Organization, it is assumed an MRL of 0.3 mg/kg/day has been derived for
intermediate duration oral exposure (15-364 days ) to inorganic tin [87] In
another study on the element Cobalt, Lead and Cadmium, the results of
Cobalt concentration ranged between (44.52 + 0.9ug /g)[85] Lead and
Cadmium  (0.07-0.18ug/g) and (0.012-0.13pug/g) respectively[88]
Unfortunately, no study has been conducted on the concentration levels of
these dangerous substances in Industrial hair dyes used in Libyan markets

(Tripoli).
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EXPERMENTAL
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Experimental

3.1. Reagent and Apparatus:
3.1.1 Sample Collection:

Dye samples were collected from different stores in the Libyan market
in Tripoli. The selected dye types were of the most common types used by

consumers in the market.
3.1.2 Sample preparation:

instructions attached to the leaflet in each dye box. The samples were
prepared according to the can of dye cream mixed with the oxygen canister
according to the percentage specified in the leaflet for each dye, and then a

soft dye cream that can be applied to the hair was formed.

Figure(3.1 ) Sample preparation
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No
S1
S2
S3
S4
S5
S6
S7
S8
S9
S10
S11
S12
S13
S14
S15
S16
S17
S18
S19
S20
S21
S22

S23

Dye name
Loreal
Loreal
Loreal
Beauty
Beauty
Beauty

Sea Colour
Sea Colour
Sea Colour
Syoss

Syoss

Syoss
Farmavita
Farmavita
Farmavita
Farmcolor
Farmcolor
Farmcolor
White Touch
Royal Henna
Taj Henna
Kase
Henna
Rajhi Henna

Alkalije

Type of colour
Black
Red
Blonde
Black
Red
Blonde
Black
Red
Blonde
Black
Red
Blonde
Black
Red
Blonde
Black
Red
Blonde
White
Red
Red
Red

Red

Source
French
French
French
Bulgarian
Bulgarian
Bulgarian
Turkish
Turkish
Turkish
German
German
German
Italia
Italia
Italia
Tunisia
Tunisia
Tunisia
Syria
India
Sudan
Pakistan

Libya

Table (3.1)Samples of hair dyes colours from different manufacturers

3.1.3 Chemicals:

In this study, we used chemicals to digest the samples, as we used

concentrated (nitric acid 69.5% for analyse CARLO ERBA), as well as

(Hydrogen peroxide 30%, (Perhydrol™) for analysis EMSURE 1SO), All the

solutions were prepared in deionized water.
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3.1.4. Glassware cleaning:
All glassware was soaked first with nitric acid (1:1) for 24 hours, then
washed well with deionized water, and placed appropriately to dry it from

the water.

3.1.5 Preparation of Sample:

1.0 g of dyes(0.5 g Henna) was placed in 80ml of beakers, for each dye
sample added 10ml of 69.5% nitric acid and 4.0 ml of 30% peroxide were
added to the sample Inside the hood, The samples were stirred well with a
glass stem and put on the heating plate for at least half an hour, stirring each
10 minutes until the sample is completely dissolved and so that the samples
do not leak from the cups, after half an hour you notice that the sample has
evaporated and the digestion process is not complete due to the presence of
colour in the solution and sediment. Another 10ml of nitric acid was added
and continued to stir over the fire for another half an hour, and the digestion
process continued until about 5 ml of the sample solution remained. After
the samples were cooled for 10 min, they were filtered with No.41-filter
paper, and the filter solution was diluted with deionized water to 25 ml. All

samples were collected and sent to the ICP-OES device laboratory.
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Figure (3.2) Sample digestion

3.1.6 Blank solution:

In an 80ml beaker, was added 20ml of concentrated nitric acid and 4ml
of concentrated peroxide inside the hood, the ingredients were mixed with
the spoon glassy well and put in the heating plate for at least half hour,
stirring every 10 minutes so that did not leak from the beakers After half an
hour, it was observed that the sample had evaporated and about 5ml of the
blank solution remained. After cooling for 10 min, I filtered the solution, and
diluted the plank solution with deionized water to 25ml. Finally, they were

sent with the dye samples to the ICP-OES instrument lab for analysis.

3.1.7 Analytical Methods and Instrumentation

There are many classical, analytical techniques and tools for
identifying minerals, each has its own advantages and disadvantages. In this

study, inductively coupled optical plasmon emission spectrometry (ICP-
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OES) is used to determine the trace metals, also. the pH-meter and
conductivity meter devices are used in the physical analyses of hair dye

samples.

1) inductively coupled plasma optical emission spectrometry (ICP-
OEYS):

» Instruments description:

Plasma Instruments Of all the different instruments used for elemental
analysis over the past 25 years, inductively coupled plasma (ICP) has been
the most popular and important influence in the field of atomic spectroscopy.
Other plasmas, such as microwave induced plasma (MIP), direct current
plasma (DCP) and post-auroral discharge, have been discovered to be useful
for spectrochemical analysis. However, ICP is the primary source used for
assay and mineral analysis at a minimum and with high accuracy [89]. Since
its commercial introduction in the middle of the 1970s, inductively coupled
plasma optical emission spectrometry (ICP-OES), also referred to as
inductive coupled plasma atomic emission spectrometry (ICP-AES), has
developed into a rapidly expanding and widely accepted instrument in many
mineral identification applications in a wide variety of samples. Figure (3.3)

illustrates a typical ICP-OES instrument[89].
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= The working principle of the instrument:

Inductively coupled plasma (ICP), which was first produced in the middle of
the 1960s by Fassel and colleagues at lowa State University and Greenfield
and co-workers at Albright and Wilson Ltd. in England, is the most popular
and used plasma source today. In the middle of the 1970s, it spread widely
and was made commercially available. ICP is an acronym for “inductively
coupled plasma”, and it is considered one of the methods of optical emission
spectrometry. When the plasma energy is given to an analysis sample from
the outside, the components of the sample (atoms) are excited, and when the
excited atoms return to the lower and lower energy modes, Emission rays
(spectrum rays) are emitted, emission rays corresponding to the wavelength
of the photon for which the type of element is selected are measured by the
position of the photon rays, and the content of each element is determined
based on the intensity of the rays. The source of this energy is heat from a

plasma of argon gas operating at 10,000 K[90].

An optical emission spectrophotometer, a light source unit, a detector,
and a data processing unit make up the ICP optical emission spectrometry
apparatus. Because the detector and spectrophotometer vary, there are
several types of equipment[90] The most typical type is depicted in Figure

(3.3)
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ICP-AES : Getsomurs
Instrumentation T~

(Rowland ring) ~

data processor
and recorder
| ~ R A . electromagnetic
RF || /2= field
! generator \ "", |
= % S\ Induction
- = coils
outer tube e s | TS

- L'—<_ coolant (Ar) T

I sg— middle tube Nebuliser
% S g an & - spray chamber

injector tube
sample & argon & rJ'ain
l ] sample

Figure(3.3) Components of ICP Optical Emission Spectrometry Equipment

= Sensitivity for ICP- OES:

The detection limit is inversely correlated with the (ICP-OES)
sensitivity. However, a variety of variables can influence the detection limit
for a specific isotope in a given sample. Sensitivity, background noise,

interference, and calibration standards are some of these elements and often
overlooked sources of variations[90]

A ------- . ::: Spectrometer
Radio frequency ” ”” Transfer  LPMT
generator optics
esla coil
3 ICP torch .
Microprocessor
L & electronics
—
Nebulizer Spray chamber
Pump Computer
Argon v To waste
Sample

Figure (3.4) Schematic of a typical inductively coupled plasma-optical emission
spectrometry (ICP-OES) system
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Agilent ICP-OES Instrument Overview

Figure (3.5) Front and side of the ICP-OES instrument

1. Exhaust 12. Mains power switch and cable
2. Air inlet filter connection

3. Cone and axial pre-optics 13. Front panel power button
window (not shown) 14. LED instrument status indicator
4. Snout and radial pre-optics 15. Torch compartment handle
window (not shown) 16. Water assembly

5. Induction coil 17. Optics purge filter for argon
6. Torch or nitrogen

7. Nebulizer and make up gas 18. Gas supply assembly
connections 19. Optional AVS 4, AVS 6 or

8. Torch loader handle AVS 7 Switching Valve accessory
9. Spray chamber location

10. Nebulizer 20. Drain for liquid overflow

11. Peristaltic pump

Argon is normally injected into the torch at a flow rate of between 1.0
and 2.2 L per minute, and the RF field is operated between 5 and 51 MHz,
frequently 27.00 MHz, with a forward power of 1.2 to 5 kW, typically 1.35
KW. An average spark from the Tesla coil is used to create electrons and ions

"seed" in this area, which is surrounded by intense magnetic fields. The
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argon gas is significantly heated as a result of the generated current running
continuously in a closed circular route, which generates a strong stream of
ions. ICP's temperatures are thought to range from 8100 to 10000K. Higher
temperatures call for quick cooling, which is delivered to the outer tubes
using argon at flow rates that can reach 17 L/min. Using a field nebulizer,
the sample is delivered to the ICP, preferably as an aqueous solution. In order
to view the solution from a distance of 5 to 20 mm above the coil, the solution
is first turned into a spray and delivered through the inner tube. ICP has a
number of benefits, including being optical, having a much higher
temperature have very extended dwell durations and having very few or no

molecular species[90].

» Plasma gas flow:

The cross-flow design began with a design that allowed for the adjustment
of the two capillary tubes that are set at right angles to each other (5). The
criticality of the capillary positioning led to the commercial production of
the fixed cross-flow design. The fixed cross-flow is used with the Scott spray
chamber, will provide moderate to good sensitivity, and is generally better
than the concentric design for high solids. It is available in construction
materials that resist chemical attack. It is not as delicate as the concentric

nebulizer and often is used in laboratories where the optimum in precision
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and detection limit is of less importance than having a large sample load

capability. It is not recommended if suspended particles are present [90].

= sample uptake:

Sample introduction can be a significant source of random and systematic
error in the measurement of samples by inductively coupled plasma optical
emission spectroscopy (ICP-OES) and ICP mass spectrometry (ICP-MS)
systems. Consequently, texts devoted to ICP have given sample introduction
considerable attention, Samples are most commonly introduced as liquids.
The considerations made in selecting a liquid introduction system include
dissolved solids content, suspended solids presence, presence of
hydrofluoric acid or caustic, detection limit requirements, precision
requirements, sample load requirements, sample size limitations, and
operating budget. The analyst is left with the task of choosing the best

introduction components [90].

= Pneumatic Nebulizers:

The term “pneumatic” is defined as “of or relating to or using air or a similar
gas.” The word “nebulizer” is derived from the Latin “nebula,” meaning mist
and is defined as “an instrument for converting a liquid into a fine spray.”
Therefore, a pneumatic nebulizer is literally an instrument for converting a

liquid into a fine spray that uses a gas as the driving force. The most popular
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types of ICP pneumatic nebulizers are concentric, fixed cross-flow, and high

solids [90].

=  Concentric nebulizers:

This basic type of nebulizer can be made from glass or plastics such as PFA
and (depending upon design) is capable of handling a sample solution
introduction rate of between 0.01 and 3 mL/min. Therefore, the “micro
concentric” nebulizer (0.01-0.1 mL/min) should be considered when the
sample size is limited to 1 mL. They are typically used with cyclonic spray
chambers but can also be used with the Scott spray chamber (an adaptor is

needed in this case).

The metal atoms in the plasma transform the light they emit into an
electrical signal that can be measured. Grooved diffraction decomposes light
into radiation that is often formed for the subsequent measurement of the
intensity of the emitted light using a photomultiplier tube. The past decade
has seen significant efforts in evaluating and understanding ICP, with many
studies conducted to analyse the mechanisms and characterize differences in

the system used[90].

ICP rotation through (to some extent)90 to improve the quality of
detection limits, as well as the development of sample insertion systems in

various forms like laser ablation and electrothermal evaporation (ETV) solid
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sampling, are all examples of the accelerated developments that are still
occurring in ICP-OES, unknowns are usually compared to standards using
standard calibration curves, Consequently, proper sample preparation still

plays a crucial role in ICP-OES[90].

Inductively coupled optical plasmon emission spectrometry (ICP-
OES) samples were introduced employing radially viewed nebulizers for
direct hydride generation (DHGN) [91]. This straightforward hydride
production device, which the authors built in their lab, needs plasma
operating conditions similar to those seen in typical nebulizer chamber
configurations. This work focused on evaluating essential analytical
numbers of merit for the determination of As, Cr, Co, K, Mg, Cd, Pb, Fe,
and Sn as well as optimizing the operating parameters for hydride formation.
Additionally, the excitation conditions of an ICP-OES device using DHGN
were investigated. The new system outperformed traditional nebulizer
systems in terms of analytical performance for the determination of As, Sb,
and Se. With less sensitivity than traditional nebulizer systems, DHGN also
makes it possible to detect components that do not form volatile hydrates.
The plasma strength analysis revealed that the gases produced during the
hydride production have no discernible impact on the plasma discharge. The
analysis using DHGN was vulnerable to non-spectral interferences induced

by transition metals, just like with traditional hydride generation methods
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Finally, actual ICP-OES investigations have shown the value of DHGN in
identifying trace elements in a common reference material for hair dye

texture[90].

= Analytical chemical properties of ICP-OES:

The ICP-OES differs from an atomic absorption spectrometer used for
similar purposes in that it has the following characteristics. the potential for
sequential and simultaneous investigation of many aspects. An analytical
curve with a large linear area, and minimal chemical or ionization
interference allows for the investigation of high-matrix materials. extremely
sensitive (minimum detection for the majority of elements is 10mg L or
less), Numerous quantifiable components - Stable analyses of elements that
are challenging to analyse with an atomic absorption spectrometer, such as
Zr, Ta, rare earths, P, and B, are simple. The structure and characteristics of
the plasma light source are the source of the bulk of the aforementioned

attributes.
2) pH-METER:( THERMO-ELECTRONIC / USA / AN005750):

A pH meter has a pH probe to conduct the electrical signals to the pH meter,
which then displays the pH value of the solution. The pH probe contains two
electrodes, namely a sensor electrode and a reference electrode. One is filled

with a pH 7 buffer and the other with a saturated Potassium  chloride
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solution. The sensor electrode bulb comprises a porous glass membrane

coated with metal salts and silica.

When the probe is submerged in a sample solution to measure the pH,
hydrogen ions build up around the bulb and take the place of the metal
ions. Similarly, some metal ions transfer from the glass (sensor) electrode
to the sample solution. Because of low sensitivity to pH changes or complete
insensitivity to pH changes, the reference electrode potential offers a
constant voltage. This generates some electricity captured by the silver wire
by generating a potential difference (hydrogen-ion activity). The pH meter
converts the voltage of this electric flow into a pH value by comparing the

generated voltage to the reference electrode.

Increasing the solution’s acidity results in a higher concentration of hydrogen
ions, which raises the voltage. The pH measurement on the pH meter
decreases due to the increased voltage. Similar to how an increase in
alkalinity reduces hydrogen ions, an increase in the concentration of
hydroxyl ions also reduces the voltage and raises the pH reading on a pH

meter[92].
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Figure (3.6) Parts of pH meter

e A high input impedance meter:
This is the key component that holds the microprocessor that processes
extremely small electrode voltages and displays measurements in pH units
on display. The microchip reads the pH of the solution, calculates the
measurement temperature, and translates the amplifier voltage value.
e The combined electrode:

It consists of two electrodes, where the actual measurement takes place. It is
the most expensive, sensitive, and consumable component of the meter and
needs to be handled carefully. A reference electrode and a measuring
electrode or sensor electrode, both submerged in the same solution, make up
the combination electrode. The reference electrode must have a defined
stable voltage independent of the measured solution to produce a defined pH

value.
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Reference electrode: A reference electrode is made up of a reference
material (such as mercury, mercury chloride, or a saturated solution of
Potassium chloride) submerged in a specific electrolyte which needs to be
interacting with the measured solution most frequently through a porous
ceramic junction, have a low electrical resistance due to a high ion
concentration and adequate stability across a broad temperature range. It has

a known and constant potential.

pH glass electrode: It is a glass bulb sensitive to hydrogen ions, and when
the relative concentration of hydrogen ions within and outside the bulb
changes, so does the millivolt output. It is also known as a sensor electrode

or indicator electrode.

o Amplifier:
An amplifier, also known as a voltage amplifier, plays a vital role in
measuring pH value. The amplifier will increase the accuracy of the pH
reading in the same way that a thermometer increases calculations
concerning temperature. To precisely measure the amount of acidity,
basicity, and neutrality in a solution, this component will ensure that the

voltage count is in the pH range of 0-14.

e Thermometer probe
Some pH meters can measure the temperature of the solution being sampled

and incorporate that information into the meter reading (the temperature of
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the solution directly influences pH). This feature is termed ‘“Automatic

Temperature Compensation (ATC)”[92].

3) CONDUCTIVITY METER: (Wissenschaftlisch Technisch

Werkatten WTW Germany Ser-N001120020):

Conductivity is a measure of how well a solution conducts electricity. To
carry a current a solution must contain charged particles, or ions. Most
conductivity measurements are made in aqueous solutions, and the ions
responsible for the conductivity come from electrolytes dissolved in the
water. Salts (like Sodium chloride and Magnesium sulphate), acids (like
hydrochloric acid and acetic acid), and bases (like Sodium hydroxide and
ammonia) are all electrolytes. Although water itself is not an electrolyte, it
does have a very small conductivity, implying that at least some ions are
present. The ions are hydrogen and hydroxide, and they originate from the
dissociation of molecular water. Conductivity is not specific. It measures the
total concentration of ions in solution. It cannot distinguish one electrolyte
or ion from another. Not all agueous solutions have conductivity. Solutions
of non-electrolytes, for example sugar or alcohol, have no conductivity
because neither sugar nor alcohol contain ions nor do they produce ions when

dissolved in water.
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The units of conductivity are siemens per cm (S/cm). Derived units are
uS/cm (one millionth of a S/cm) and mS/cm (one thousandth of a S/cm).

S/cm is the same as the older unit mho/cm [93].
» measurement of conductivity:

There are two types of conductivity measurement: contact and inductive.
The choice of which to use depends on the amount of conductivity, the
corrosiveness of the liquid, and the amount of suspended solids. Generally,
the inductive method is better when the conductivity is high, the liquid is

corrosive, or suspended solids are present[94]
= Contacting Conductivity:

Most contacting conductivity sensors consist of two metal electrodes,
usually stainless steel or titanium, in contact with the electrolyte solution.
See Figure (3.7) The analyser applies an alternating voltage to the electrodes.
The electric field causes the ions to move back and forth producing a current.
Because the charge carriers are ions, the current is called an ionic current.
The analyser measures the current and uses Ohm’s law to calculate the
resistance of the solution (resistance = voltage/current). The conductance of
the solution is the reciprocal of the resistance. The ionic current depends on
the total concentration of ions in solution and on the length and area of the
solution through which the current flows. The current path is defined by the

sensor geometry, or cell constant, which has units of 1/cm (length/area).
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Multiplying the conductance by the cell constant corrects for the effect of
sensor geometry on the measurement. The result is conductivity, which

depends only on the concentration of ions[95].

electronic
current

™~ ac voltage

electrodes

— alectrolyte solution

onic
current

Figure (3.7) measurement of the two electrode conductivity

» Inductive Conductivity:

Inductive conductivity is sometimes called toroidal or electrodeless
conductivity. An inductive sensor consists of two wire-wound metal toroids
encased in a corrosion-resistant plastic body. One toroid is the drive coil, the
other is the receive coil. The sensor is immersed in the conductive liquid.
The analyser applies an alternating voltage to the drive coil, which induces
a voltage in the liquid surrounding the coil. The voltage causes an ionic
current to flow proportional to the conductance of the liquid. The ionic
current induces an electronic current in the receive coil, which the analyser
measures. The induced current is directly proportional to the conductance of

the solution. See Figure (3.8). For accurate results, the user must calibrate
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the sensor in place in the process piping. inductive sensors are ideal for
measuring solutions having high conductivity. High conductivity solutions
produce a large, easily measured induced current in the received coil.
Inductive sensors do have drawbacks. Chiefly, they are restricted to samples
having conductivity greater than about 15 uS/cm. They cannot be used for

measuring low conductivity solutions[96]

analyzer
generates A
drive voltage:

analyzer measures
current imduwced in
the receive coil

ionic curment
in sample

tomoid

drive Meoeinne

Figure (3.8) Both coils are encased in a single sensor body and over molded with
plastic. The coils must be completely submerged in the process liquid.

3.2 Preparation of aqueous standard solutions:

Aqueous buffer solutions have been prepared of dilution of standard

concentrated stock solutions as follows:

The standard solutions were Prepared daily by diluting stock solution
according to Moore's law to prepare solutions N*V=N;*V; where Initially,

a standard solution of 1200mg L™ for each element was prepared, take 10 mL
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of the mother standard solution in a 100 mL volumetric flask, and complete

the volume with deionized distilled water.

The calibration blank and std. prepared for each element as shown in the

following figures (3.9-3.16).

3.2.1 Calibration curves of standard solutions for the studied elements:

Typical calibration curves for the studied items were linear and passed
through the origin. The following figures show typical calibration graphs

where the Correlation coefficient ranges from 1.0000 to 0.99915.

The calibration curve for all trace elements was prepared, the analytical
properties were showed in figures (3.9- 3.16), The elements were analyzed
by the ICP.OES, Calibration at levels (0.0, 0.1, 0.5, 1.0, 5.0, 10.0) was

presented in tables (3.2-3.9).
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3.2.2Calibration curve of Magnesium Standard:

Mg (279.553nm), Intensity = 839284.65396464* concentration+

7007.67848390

Correlation coefficient: 0.99994

Method Calculated
Standards Intensity % Error
concentration concentration
Blank 2674.44 0.00 -0.01 N/A
Standard1 92305.16 0.10 0.10 1.63
Standard?2 42075251 0.50 0.49 141
Standard3 824063.67 1.00 0.97 2.65
Table (3.2)Magnesium Standard Calibration
900000
800000 y = 839284.65396464X + 7007.67848390
200000 R2=0.99994
E 600000
)
> 500000
E=
€ 400000
2
S 300000
200000
100000
0
0.00 0.20 0.40 0.60 0.80 1.00 1.20

concentration Mg(mg L)

Figure (3.9) Calibration curve of Magnesium Standard
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3.2.3 Calibration curve of Arsenic Standard:

As (193.696 nm)
Intensity = 1699.18330845* concentration+ 18.20972296
Correlation coefficient: 0.99915

Method Calculated
Standards | Intensity % Error
concentration concentration
Blank 12.37 0.0 0.00 N/A
Standardl 188.41 0.10 0.10 0.17
Standard2 | 876.92 0.50 0.51 1.07
Standard3 | 1719.97 1.00 1.00 0.15
Standard4 | 8841.10 5.00 5.19 3.85
Standard5 | 16251.94 10.00 9.55 4.46
Table (3.3)Arsenic Standard Calibration

18000

16000 y = 1699.18330845x+ 18.20972296

14000 R2=0.99915
g 12000
2 10000
G
c 8000
9
€ 6000

4000

2000

0
0.00 2.00 4.00 6.00 8.00 10.00 12.00

concentration As(mg L)

Figure (3.10) Calibration curve of Arsenic Standard
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3.2.4 Calibration curve of Potassium Standard:

K (766.491 nm)

Intensity = 2833.33596844* concentration+ 611.54298861

Correlation coefficient: 1.00000

%
Standards | Intensity | Method concentration | Calculated concentration
Error
Blank 654.09 0.00 0.02 N/A
Standard2 | 2024.43 0.50 0.50 0.27
Standard3 | 3486.92 1.00 0.01 1.48
Standard4 | 14785.91 5.00 5.00 0.05
Standard5 | 28926.82 10.00 9.99 0.06
Table (3.4) Potassium Standard Calibration
35000
30000 y = 2833.33596844X+ 611.54298861
. R2= 1.00000
8 25000
2
£ 20000
(7]
c
2 15000
£
10000
5000
0
0.00 2.00 4.00 6.00 8.00 10.00 12.00

concentration K(mg L?)

Figure (3.11) Calibration curve of Potassium Standard
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3.2.5 Calibration curve of Chromium Standard:

Cr (267.716 nm)

Intensity = 57054.64201526* concentration+ 5.50158590

Correlation coefficient: 1.00000

standards | intensity | Method Calculated % Error
concentration concentration
blank 5.38 0.00 0.00 N/A
Standard2 | 28533.88 0.50 0.50 0.00
Standard3 | 57027.95 1.00 1.00 0.06
Table (3.5) Chromium Standard Calibration
60000
y = 57054.64201526X+ 5.50158590
7 0 R2= 1.00000
L)
2 40000
(7]
c
[}
"E 30000
20000
10000
0
0.00 0.20 0.40 0.60 0.80 1.00 1.20

Figure (3.12) Calibration curve of Chromium Standard

concentration Cr(mg L)
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3.2.6 Calibration curve of Iron Standard:

Fe (259.940 nm)

Intensity = 26098.78860402* concentration+ 61.66332987

Correlation coefficient: 0.99999

Method Calculated
Standards | intensity % Error
concentration concentration
Blank 31.13 0.00 0.00 N/A
Standardl | 2766.35 0.10 0.10 3.63
Standard?2 | 13311.07 0.50 0.51 1.53
Standard3 | 26284.07 1.00 1.00 0.47
Standard4 | 128993.12 5.00 494 1.20
Table (3. 6) Iron Standard Calibration
140000
y = 26098.78860402X+ 61.66332987
120000 R2= 0.99999
100000
2
< 30000
Z
@
5 60000
£
40000
20000
0
0.00 1.00 2.00 3.00 4.00 5.00 6.00

concentration Fe(mg L)

Figure (3.13) Calibration curve of Iron Standard
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3.2.7 Calibration curve of Cobalt Standard:

Co (238.892 nm)

Intensity = 17034.69671769* concentration+ 112.28409541

Correlation coefficient: 0.99998

%
standards | intensity | Method concentration | Calculated concentration
Error
blank 20.19 0.00 -0.01 N/A
Standardl | 1820.90 0.10 0.10 0.30
Standard2 | 8567.91 0.50 0.50 0.72
Standard3 | 17156.58 1.00 1.00 0.06
Standard4 | 83145.72 5.00 4.87 2.51
Table (3.7) Cobalt Standard Calibration
90000
y = 17034.69671769X+ 112.28409541
80000

70000

60000

50000

40000

intensity (cps)

30000

20000

10000

0.00

1.00 2.00

R2=0.99998

3.00 4.00 5.00

concentration Co(mg L?)

Figure (3.14) Calibration curve of Cobalt Standard
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3.2.8 Calibration curve of Cadmium Standard

Cd (228.802 nm)

Intensity = 36941.59417594* concentration+ 23.91741738

Correlation coefficient: 0.99972

Method Calculated %
standards | Intensity
concentration concentration Error
blank 23.81 0.00 0.00 N/A
Standard?2 18970.57 0.50 0.51 2.58
Standard3 38076.99 1.00 1.03 3.01
Standard4 | 185751.00 5.00 5.03 0.55
Standard5 | 354350.95 10.00 9.59 4.08
Table (3.8) Cadmium Standard Calibration
400000
y = 36941.59417594x+ 23.91741738
350000 R?=0.99972
>
Q. 300000
L
_'? 250000
c
o 200000
=
£ 150000
100000
50000
0
0.00 2.00 4.00 8.00 10.00 12.00

concentration Cd(mg L)

Figure (3.15) Calibration curve of Cadmium Standard
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3.2.9 Calibration curve of Lead Standard:

Pb (217.000 nm)

Intensity = 862.32413115* concentration+ 13.23426941

Correlation coefficient: 0.99999

standards | intensity | Method concentration | Calculated concentration | % Error
Blank 13.60 0.00 0.00 N/A
Standardl 99.98 0.10 0.10 0.59
Standard2 | 443.78 0.50 0.50 0.14
Standard3 | 890.80 1.00 1.02 1.77
Standard4 | 4342.22 5.00 5.02 0.40
Standard5 | 8607.49 10.00 9.97 0.34
Table (3.9) Lead Standard Calibration
10000
9000 y = 862.32413115X+ 13.23426941
R2=0.99999

8000
8 7000
(S
>. 6000
%; 5000
c
3 4000
£

3000

2000

1000

0
0.00 2.00 4.00 6.00 8.00 10.00 12.00

concentration Pb(mg L2)

Figure (3.16) Calibration curves of Lead Standard
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3.3. Physical tests of samples:

3.3.1. preparation of the Sample:

The hair dyes were prepared as indicated in the leaflets attached to each
dye. Approximately 1.5 g of each dye was taken into test tubes, diluted to 25
ml with deionized water, closed tightly, agitated for 2 minutes and left for 4
days. After samples were prepared, pH, TDS, electrical conductivity and

SAL were measured and the results were recorded at 22°C.

11/04/2022 13:08

Figure (3.17) Physical tests of samples
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Chapter IV

RESULTS & DISCUSSION
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RESULTS and DISCUSSION.

4.1 Results:

The experiments were focused on the determination of elements in hair
dyes.
Table No (4.5) shows the concentrations of trace elements in all hair dyes
represented in Figures (4.5-4.9). The analytical data of the measuring
conductivity pH, TDS, electrical conductivity and SAL were presented in

tables No (4.1 - 4.4).

4.2 Physical tests of samples

4.2.1. Conductivity(o) values results:

We note that the conductivity values of samples (S19) were the highest
in the results with a conductivity value higher than 5720 ps /cm, while those
of samples (S8, S9, S15, S17 and S18) were much lower because they were
less than 1000 ps /cm in the samples, As shown in TABLE (4.1). The
remaining values were approximately close to each other, This is attributed

to the difference in the amounts of dissolved ions present in the dye solution.
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1156 512 2870
H 1288 513 1370
2020
702
H /
430
S7 1665
5720
845
730
1541
S10 3700
TABLE (4. 1) 6 Conductivity test of samples at 22 T/C° :
o us/cm
7000
o
N
10, 6000
5000
o
5
s o 4000
= o 2 N S 2 3000
~ - § ~ 3 ~
~ < o
B 5 g 5 @ g 2000

1000

430

S7 S6 S5 S4 S3 S2 S1

. 845

o o o
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§23 522 521 S20 519 S18 S17 S16 S15 S14 S13 S12 S11 S10 S9

I 1156
o

wv
[+

Figure (4.1) Conductivity Physical test of samples. at 22 T/ C°
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4.2.2 pH value results

The samples (S20, S21, S22, S23) had a pH ranging between (4.05-4.57)
as it is the closest to the natural pH of the scalp which is between (4.5-5.5)
and in the sample (S19) it was the highest number among all the samples
with a pH number(10.05), and the rest of the samples ranged between (7.1-
9.57) as shown in Table(4.2), since these high values are not good for the
scalp The head causes problems such as itching and eczema and is a suitable

medium for the growth of bacteria and fungi on the scalp.
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TABLE (4. 2) pH Physical test of samples at 25 T/C°

10.05
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Figure (4.2) pH Physical test of samples at 25 T/ c°
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4.2.3 TDS value results:

TDS (Total dissolved solids) expresses the amount of organic and
inorganic substances contained in a liquid, whether they are suspended
substances in a molecular or ionic form. It was noticed from the results of
the TDS measurement that the sample S19 was the highest at 8005mg/I and
it is classified as one of the very high solutions in the TDS scale, while the
samples S9, S15, S17, S18 are considered averages in concentration TDS
because they are less than 800mg/l, while the rest of the samples range
between (840-4050mg/)[97]where this value is considered high in the

sample solutions as shown in the TABLE (4.3).
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TDS mg/l NO TDS mg/l

H 1116 512 3750
H 1310 s13 1370
E 20580 1950
705
H /
426
8005
840
717
1515
S10 4050
i -
s11 3445
Table (4. 3)TDS Physical test of samples at 22.5 T/C©
TDS mg/I|
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S 9000
(-]
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o
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w
-]
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Figure (4.3) TDS Physical test of samples at 22.5 T/ C°
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4.2.4 Salinity value results:

Sample (S19) had the largest salinity value of (3.1 g/l), which is
considered a high value compared to the rest of the samples, and sample
(S18) had a very low salinity value by a value by a value (0.0g/l), while the
rest of the samples ranged (0.1-1.9g/l) As shown in Table (4.4), It is
considered a harmless value for the scalp, but a high value causes problems

such as itching and hair loss due to high salinity.
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N
H
H 12
E 1.0
H
0.7
n 0.2
H 0.1
510 1.9
s11 12

s15 0.1
s16 0.9
s17 0.1
s18 0.0
s19 3.1

ﬂ 0.4
s21 0.6

H 1.1

ﬁ 0.5

TABLE (4. 4) Salinity Physical test of samples at 22.5 T/C©
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Figure(4.4) Salinity Physical test of samples at 22.5 T/ C°
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4.3. Trace elements concentration of hair dyes:
4.3.1 Iron concentration:

The determination of the Iron in the samples presented in figure (4.5)
showed that the lron concentrations ranged from (0.05 - 62.2) mg L in
different colours and brands. The highest percentage of Iron was in the
sample of S23, and in general, the four Henna dyes S20, S21, S22 and S23
had the highest percentage of Iron compared to the rest of the dyes (9.06,
40.35, 44.1, 62.2 mg L), respectively. The samples (S2, S3, S4, S9, S11,
S13, S14, S18) with concentrations (0.09, 0.05, 0.07, 0.08, 0.07, 0.09, 0.07,
0.09 mg L1) respectively, had very low concentrations and their value been
less than the internationally permissible value. Vomiting, dizziness, nausea,
loss of appetite, severe headache, and sudden weight loss are some of the

complications of Iron overload. High levels of Iron increase the risk of

cancer through the rapid stimulation of oxygen radicals in cells[98].
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Figure (4.5) The concentrations of the Iron metal in studied hair dyes

4.3.2 Chromium concentration:
The results showed that the maximum concentration of Cr was

determined in sample (S5) (0.07 mg L1), and the concentration of Chromium
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in one sample (S11) with a concentration (<0.001 mg L) of Hair dye level
was less than the detectable limit. and nearly the rest of the samples results
were similar in concentrations, As shown in the Figure (4.6). however, Cr
was within the safe limit of 50 mg/kg set by the Food and Drug
Administration[99].
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Figure (4.6) The concentrations of the Chromium metal in studied hair dyes

4.3.3 Potassium Concentration:

Potassium results ranged between (0.35-95.9 mg L), and the highest
concentration of Potassium was in the samples (S10, S11 and S12) ( 95.9-
95.4-73.5 mg L), respectively, as these concentrations were for the same
brand of product with its three colours (blond, red and black), which are
considered very high concentrations compared to other samples of hair dyes,

and the Samples (S8 and S9) with concentrations (0.35 and0.37 mg L)
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respectively, have very low concentrations and their value is less than the

internationally permissible value As shown in Figure (4.7)

120

100

<t 9
& &
n
R 80
60
40
20
P "NFiFiFiH « e s s .
——————————— 0

k(mg L-1)

n
=R I - = ggmmm:g%ﬂ
N+ o o d - ©c o © © o - & N

_— . H = = =
23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

no of sample

Figure (4.7) The concentrations of the Potassium metal in studied hair dyes

4.3.4 Magnesium Concentration:

Magnesium results ranged between (0.09-71.4 mg L*). Where the
highest concentrations were in samples (S19, S20, S21, S22 and S23) (54.3-
59.1-63.1-62.4-71.4 mg L) respectively, which is a very high percentage
compared to the rest of the other samples, the Samples (S3) with
concentrations (0.09 mg L) have very low concentration and their value is

less than the internationally permissible value, As shown in Figure (4.8).
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Figure (4.8) The concentrations of the Magnesium metal in studied hair dyes

4.3.5 Stannum (Tin) concentration:

The results of Sn ranged between (0.15-1.28 mg L), where the highest
concentrations were in samples (S16, S9, S12 and S3) (1.28, 1.21, 1.19
and1.05mg L) compared to the rest of the samples which are higher
concentrations than permitted internationally, and the Samples (S20, S21,
S22, S23) with concentrations (0.15, 0.16, 0.17, 0.19mg L) respectively,
have very low concentrations and their value is less than the internationally
permissible value, As shown in Figure (4.9), Unfortunately, no guidelines on

the element tin in hair dyes.
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Figure (4.9) The concentrations of the stannum metal in studied hair dyes

4.3.6 Lead, Cadmium, Cobalt and Arsenic concentration:

The elements Lead, Cadmium, Cobalt and Arsenic when measured,
found that their concentration were below the detection limits of the device
and this is good for hair dyes, As for Arsenic, there is no guidelines on its
concentration in hair dyes.

s Co detection limit was below <0.001The limit allowed globally
0.002 mg L [100]

% Cd detection limit was below <0.01The limit allowed globally
0.0003 mg L [101].

% Pb detection limit was below <0.003 The limit allowed globally 0.3
mg L [101]

% As detection limit was below <0.02 The limit allowed globally 0.04
mg L*[101]
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NO Fe Cr K Mg Sn Co Cd Pb As
mgL?'| mgL! | mgL?|{mgL? | mgL'| mgL? | mgL?| mgL?'|mgL?
1 0.12 0.01 2.15 0.15 0.58 <0.001 | <0.01 | <0.003 | <0.02
2 0.09 0.02 2.87 0.09 0.98 <0.001 | <0.01 | <0.003 | <0.02
3 0.05 0.02 1.85 0.10 1.05 <0.001 | <0.01 | <0.003 | <0.02
4 0.07 0.01 2.95 0.13 0.94 <0.001 | <0.01 | <0.003 | <0.02
5 0.11 0.07 0.55 0.23 0.80 <0.001 | <0.01 | <0.003 | <0.02
6 0.12 0.03 0.53 0.26 0.32 <0.001 | <0.01 | <0.003 | <0.02
7 0.13 0.01 0.53 0.22 0.79 <0.001 | <0.01 | <0.003 | <0.02
8 0.10 0.01 0.35 0.19 0.88 <0.001 | <0.01 | <0.003 | <0.02
9 0.08 0.04 0.37 0.18 1.19 <0.001 | <0.01 | <0.003 | <0.02
10 | 0.10 0.01 95.9 0.30 0.47 <0.001 | <0.01 | <0.003 | <0.02
11 0.07 | <0.001 954 0.23 0.55 <0.001 | <0.01 | <0.003 | <0.02
12 0.10 0.01 73.5 0.22 1.21 <0.001 | <0.01 | <0.003 | <0.02
13 | 0.09 0.03 1.85 0.10 0.70 <0.001 | <0.01 | <0.003 | <0.02
14 | 0.07 0.02 1.34 0.11 0.67 <0.001 | <0.01 | <0.003 | <0.02
15 0.10 0.02 1.20 0.14 0.69 <0.001 | <0.01 | <0.003 | <0.02
16 0.10 0.01 1.33 0.12 1.28 <0.001 | <0.01 | <0.003 | <0.02
17 0.13 0.01 2.10 0.14 0.40 <0.001 | <0.01 | <0.003 | <0.02
18 | 0.09 0.02 1.43 3.98 0.91 <0.001 | <0.01 | <0.003 | <0.02
19 0.23 0.04 1.11 54.3 0.38 <0.001 | <0.01 | <0.003 | <0.02
20 | 9.06 0.03 0.98 59.1 0.15 <0.001 | <0.01 | <0.003 | <0.02
21 | 40.35 0.02 0.95 63.1 0.16 <0.001 | <0.01 | <0.003 | <0.02
22 | 44.1 <0.02 1.22 62.4 0.17 <0.001 | <0.01 | <0.003 | <0.02
23 62.2 <0.02 2.01 714 0.19 <0.001 | <0.01 | <0.003 | <0.02
SD | 12.423 | 0.0157 | 30.791 | 23.489 | 0.3444 | 0.000 0.000 0.000 | 0.000

TABLE (4. 5) Trace elements concentration
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5. Suggestions and Recommendations:

e Strict laws must be put in place to limit the acceptable limit of
potential pollutants and toxic substances in Cosmetics and skin care
products by international bodies and organizations in general the local
concerned authorities and the control center, in particular, taking into
account the difference in the toxicity of metals among them.

e Imposing good manufacturing rules for local factories to apply hair
dyes

e Monitoring cosmetic products including hair dyes and others imported
or manufactured locally and present in the Libyan market by taking
random samples by the concerned authorities and conducting periodic
checks on them.

e Awareness that the price of the product is a mold that is related to its
quality, and therefore not to be reckless in buying such These
inexpensive products may be harmful to the body if applied frequently
and permanently to the skin.

e Spreading a culture of awareness about the possibility and dangers of
some toxic substances in cosmetic products.

e must protect children and pregnant women from exposure.
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6. Conclusions:

Libya is one of the countries with a consumer market for cosmetics in
the Arab world, Chemical hair dyes are among the most popular cosmetics
in Libya, Since they are considered Trace elements are among the most
important elements found in living organisms, but in very small proportions,
and their high levels in the body may expose a person to health problems that
vary according to their concentration in the body and the place of their
accumulation, although there are not many studies on the heavy substance
contamination of these products. In the present research, the most popular
hair colours in Tripoli markets were analyzed in 23 samples to check for
heavy metal contamination. Next, the health risks related to the consumption
of these products were evaluated. The trace elements were measured in the
samples from several brands of hair dyes, whereby each brand took three
colours (blond, red and black), one sample of bleaching and four samples of
Henna, by using concentrated acid, dyes samples were digested, and these
samples were filtered, diluted, and sent to the device laboratory (ICP.OES)
to complete the trace elements assessment process. The results recorded in
this study showed that there was a discrepancy in the concentrations of trace
elements, as the concentrations of trace elements were different according to
the different types of dye, as it ranged in Chromium (0.07- <0.001mg L),

Potassium (0.35-95.9mg L), Magnesium it ranged between (0.09-71.4mg
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L), Iron (0.05-62.2mg L1) and Sn (0.15-1.28mg L) . But in the rest of the
trace elements, they were not detected because of their very low
concentrations below the device's ability to measure and they were As
(<0.02mg L), Co (<0.001mg L?), Cd (<0.01mg L) and Pb (<0.003mg L-
1), The standard deviation of the samples was (12.423, 0.0157, 30.791,
23.489, 0.344, 0.000, 0.000, 0.000, 0.000) for Fe, Cr, K, Mg, Sn, Co, Cd, Pb
and As. for the physical results (conductivity, pH, TDS and salinity), the
conductivity showed results that ranged between (430-5720us/cm) and the
results of pH were between (4.05-10.05) and the results of TDS were
between (426-8005mg/l) and the results of salinity were also between (0-

1.9mg/l).
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7. Summary:

The US Food and Drug Administration defines cosmetics as substances
that are applied to the human body for the purpose of purifying, enhancing
its attractiveness, beautifying it, or changing its appearance. This includes a
large number of products, including hair dyes, which have become an
integral part of the daily life of modern man, and their routine application
and use begin after a certain period. These preparations usually consist of a
mixture of chemical compounds derived from natural or industrial sources
that are not without the slight presence of some toxic substances resulting
from contamination of the components or from pollution of the environment,
which may adversely affect human health, such as carcinogenic, mutagenic
or metallic substances. And due to the lack of sufficient studies on this
subject in addition to the fact that heavy metals are toxic to the human body,
especially if they are ingested or exposed continuously, this research was
conducted on some hair dyes and Henna to determine the concentrations of
some trace elements such as Chromium, Potassium, Magnesium, Iron,
Stanium , Arsenic, Cobalt and Cadmium. The Lead in these products
available in the Libyan market, where 23 samples of hair dyes were analysed,
samples were taken from 11 brands of dyes of different colours (blond, red,
black, Henna). 5 gm of Henna dye for each sample. The samples were

digested and treated with concentrated nitric acid and highly purified acid
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peroxide. The samples were filtered after digestion, diluted with deionized
water and transported to the laboratory for analysis using the. ICP-OE
device. Where the results of some samples such as Iron, Chromium,
Potassium , Magnesium and Stanium were higher than the permissible
limit, and some other trace elements such as Arsenic, Cobalt , Cadmium and
Lead were less than the detectable limit, and the results of physical analyses
of hair dye samples (conductivity, pH, TDS salinity), some of which were
higher than the safe normal levels for the solutions. From the results as a
whole, the samples for the studied dyes in general, in terms of trace elements,
are not significantly dangerous to health, but in terms of physical, they may

cause problems on the scalp in some samples.
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