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Resumo

Resumo

Cosméticos faciais, tais como os batons, sdo um dos itens mais usados no mundo.
Estes produtos sdo aplicados diretamente na pele, podendo causar exposi¢éo local a
alguns ingredientes que podem pér em risco a saude, pela presenca de metais pesados.
Estes podem ser intencionalmente adicionados a sua composicao ou estar presente em
concentragfes infimas na forma de impurezas. Apesar das concentragdes de metais
pesados serem objeto de estudo em numerosos artigos, a clarificacdo de como os niveis
obtidos se relacionam com possiveis efeitos adversos para a saide humana € exigente.
Neste estudo, a concentracdo de metais pesados presentes em 45 amostras de batons
provenientes da China e da Europa foi determinada, usando a Espetrometria de Emisséo
Otica com Plasma Acoplado Indutivamente (ICP-OES) como método analitico, para no
fim se proceder a avaliacdo de risco. Além disso, efetuaram-se analises estatisticas,
estudos de correlacdo, cumprimento da regulacdo internacional e avalia¢do da ingestéo.
A concentracdo de metais nas amostras apresentou uma grande variacdo, 0 que pode ser
atribuido a qualidade das matérias primas empregues na sua producdo. Também
encontrdmos diferencas estatisticas significativas entre as concentracdes de Ba, Cd, Cu e
Li e correlacbes positivas entre B/Cd, Ni/Cd, Cd/Fe e K/Pb. A maioria das amostras
cumpre a legislacdo aplicavel. Apesar da falta de informacéo para uma completa analise
de risco, detetou-se uma MoS abaixo de 100, proveniente da exposicdo oral aos batons,
tanto da China como da Europa, pelo que os riscos na sua utilizagdo ndo devem ser
menosprezados. Na avaliacdo da ingestdo, obteve-se um valor de contribuicao de 3,39%
da quantidade diéria toleravel do Pb para criangas, o que também é motivo de inquietacéo,
se considerarmos as restantes fontes de exposicdo. Com tudo isto, podemos concluir que
0s produtos cosméticos constituem uma importante via de exposicdo crénica a estas
substancias e, portanto, possiveis efeitos adversos. Para minimizar os possiveis riscos
inerentes a utilizacdo de cosméticos, uma cooperacdo mais forte e constante que envolva
especialistas em toxicologia € recomendada, para avaliar a seguranca dos batons,

inclusive os ingredientes utilizados nos mesmos.

Palavras-chave: Andlise; impurezas; risco; metais pesados; batons
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Abstract

Abstract

Facial cosmetics, such as lipsticks, are used around the world by millions of
consumers. These products are applied directly to the skin and may cause local exposure
to certain ingredients that could be dangerous to health, like heavy metals, which may be
part of the composition or in trace concentrations as impurities. Even though the
concentrations of heavy metals have been studied in numerous articles, the clarification
of how the described levels relate to possible adverse health risks is demanding. In this
study, the concentration of heavy metal in 45 samples of lipsticks from China and Europe
was determined using Inductively Coupled Plasma Optical Emission Spectrometry (ICP-
OES) as an analytical technique, ultimately to evaluate the risk to human health.
Furthermore, statistical analysis, correlation studies, compliance with international
regulation and intake assessments were also performed. The metal concentrations in the
lipsticks presented a large variation, which may be attributed to the quality of the raw
materials used in its production. We also found statistically significant differences
between the concentrations of Ba, Cd, Cu and Li and positive correlations between B/Cd,
Ni/Cd, Cd/Fe, and K/Pb. In addition, most of the samples fulfill the international
regulation regarding toxic elements limits. Although critical data was missing to conduct
the risk assessment, we detected an MoS from oral exposure to Pb in lipsticks from China
and Europe both below the safety margin of 100, so the possible health risks due to the
presence of this metal in lipsticks should not be underestimated. Another concerning
result was the 3,39% contribution to the daily intake found for Pb in the children intake
assessment conducted. With all this, it could be concluded that cosmetic products can
constitute an important route of chronic exposure to these substances and, therefore,
constitute a concern to health. To minimize any possible risk cosmetics may pose to
human health, tighter cooperation involving toxicology specialists is recommended, in
order to assess the safety of lipsticks and their wide share of ingredients on a constant

basis.

Keywords: Assessment; impurities; health risk; heavy metals; lipsticks.

Risk Assessment of Heavy Metals in Lipsticks 3



Acknowledgments

Acknowledgments

In order to write a proper acknowledgment, one has to think of all the options,
actions, persons and moments that took us here, which is easier said than done. Even so,
I will make an effort to write something that’s exactly the opposite of this Master Thesis,

also known as an “all facts and no flavor” work.

Being, among other things, a methodical, exacting and...patient student — How
can we endure 5 years of a Master's Degree, without being patient? Short answer: we
could not. Afterward, what are 5 years? They are just 5 turns around the sun, if you think
about it — I have, in this moment of reflection, to thank all my colleagues, some of them
also my friends, that helped me in this quest, either in group works, laboratory, practical
or theoretical classes, finals preparation...basically, everything that comes with the
Pharmaceutical Sciences course (and not curse!). Maybe because they fulfill my flaws,
maybe because we complemented each other's flaws, the fact is, we did it! As someone

once said, “Alone we go faster, but together we go further”.

Unfortunately, I cannot thank individually to all my colleagues, not only because
we were more than 215 when we started this journey, but also because each filter | try
to apply to give me an output I can work with, ends up in a huge number of names,
which is normal, because if we think in the curricular units we shared — 48; in the works
we presented — more than 50; in the exams we were submitted to — about 97, according
to my calculus and including theoretical, practical and laboratory exams. This being
said, there are 9 names | must mention — and please, to those not here included, pardon
me — José Pio, Ariana Colaco, Bruno Peniche, Mariana Cunha, Filipe Rodrigues, Leticia
Carraro, Francisco Lopes, Beatriz da Branca, and Henrique Roberto. | don’t know if as
we age, we tend to become more sentimental, but the fact is, without you, things would

not be the same, and for that, | give you my utmost respect and gratitude.

Another thrilling event in this long campaign was the Erasmus. | had my doubts
about doing it, getting outside of my comfort zone, going away to another country, but
all things considered, if we were meant to stay in one place, we’d have roots, instead of
feet. Although this is not the moment to speak about how this exchange program was
useful for me, it is, however, the moment to thank all the amazing people | met along the
way, especially Sara Lara Torres, to whom | have to give credit for much of the work
depicted in this Thesis, Arturo Hardisson, Angel Gutierrez, and Soraya Paz.

Risk Assessment of Heavy Metals in Lipsticks 4



Acknowledgments

Finally, the family is something we constantly take for granted, and saving them
for last may very well reflect once more that way of thinking. But not on my watch. To
my family and, although not all of them, at least most of my relatives, | have to thank for
the patience, tolerance, and understanding they too had towards me, while | was
unavailable during business days, weekends, holidays, birthdays and vacations. To them,

please remember that “Good times don’t last forever, but neither do the bad”.

And because everything in life is temporary, | must thank those who are not among
us anymore. Those | can only remember. Those | expect to see once again. From those,
one is very special, and it doesn’t come easy for me to remember. Nor it should. As Jay
Neugeboren once said, “A wife who loses a husband is called a widow. A husband who
loses a wife is called a widower. A child who loses his parents is called an orphan. There
is no word for a parent who loses a child. That’s how awful the loss is.”. This being said,
I can only thank my parents for teaching me what resilience looks like, day after day, and
hope my sister keeps praying for us. We too continue to do, as faith is believing and

trusting in something one cannot see.

Since there comes a time when we have to face the things we fear the most — the
Thesis, once again, and because “Last words are for fools who haven’t said enough.” as

the German philosopher Karl Marx shouted, let’s proceed with our work.

Risk Assessment of Heavy Metals in Lipsticks 5



Table of Contents

Table of Contents
IO [ 11 oo 104 A T o SRRSO 11
FZ o] 1= LAY S SRS 15
3. Materials and IMELNOGS .........cveiiiiiiiie bbbt 16
TR I 1= - D] £ T o] o S 16
3.2, SAMPIES ..o 16
3.3. INSEIUMENTALION ...ttt sttt bbb e b 17
3.4. Sample Preparation and ANAIYSIS..........cceiiiiieiiiiiie e e 17
3.5, StatiStICAl ANAIYSIS ......oiviieieece e 19
3.6. Human Health RiSK ASSESSMENT ........uiviriiiieieieieisese sttt st sre s 20
3.6.1. The Scientific Committee of Consumer Safety (SCCS) model .........ccccoeevveierrennene. 20
3.6.2. The Environmental Protection Agency of the United States (US EPA) model ........ 21
4. RESUILS aN0 DISCUSSION ... .euviriirieiierieiisii sttt sttt sttt s s bt sbe st st et e eneerease e 23
4.1. Concentration of 20 metals in the lipstick SAMPIES ..o 23
4.2. Statistical analySis FESUITS...........coviiiiiiiiieeee e 25
4.3, COITElation STUAIES ....veiviieieieieieieseee sttt sttt sttt nneas 26
4.4. Concentration of toxic metals in lipsticks samples and compliance with International
LOISIATION ...t 29
4.4.1. International LegiSIation ... 29
4.4.2. Compliance with the International Legislation ............ccccoeiviiiiiiiniincc 29
4.4.3. Concentration of @alUMINUM ........ccccoiiiiiriiiiese e 30
4.4.5. Concentration OF 18ad .........ccocviiiviiie e 31
4.5. Human Health RiSK ASSESSMENT .......ciuveiiiiiieriesieeie e eeeie e ae e e et ae e nae e e 32
4.5.1. SCCS’S health risK aSSESSIMENt ......cueeeivriiiiieeiiieeiieeesieeeee e sireesre e saeesre e st e e srbeeennes 32
4.5.2. US EPA’s health risK aSSESSIMENt.......cccuviiiiiieiiieiiiieeiieesieessineesieeesineesneesnreeesneeennes 33
4.6. INTAKE ASSESSIMENT ... .cuieiiitiiie ittt ettt st te e e re s e besneestesteeseeseeeseebeseeeneenes 34
O B 1ot U] o] SOOI PRSRRPRPRN 38
ST O3 [od 1113 o] OSSPSR 41
B. BIDIOGIAPNY ... 42
A 1= Tod o] 0 1T TSRS 50
7.1. Macroelement and microelement’s concentrations in the 22 lipstick samples from China
(a0 1< i TR 50
7.2. Macroelement and microelement’s concentrations in the 23 lipstick samples from Europe
(MG KG™D) ettt 51

Risk Assessment of Heavy Metals in Lipsticks 6



List of Figures

List of Figures

Figure 1. Sample treatment and analysSiS........c.ccoiiviiiiiiiicic i 18
Figure 2. Statistic comparative study of Ba between Chinese and European samples............... 25
Figure 3. Statistic comparative study of Cd between Chinese and European samples.............. 25
Figure 4. Statistic comparative study of Cu between Chinese and European samples .............. 26
Figure 5. Statistic comparative study of Li between Chinese and European samples ............... 26

Figure 6. Correlational study between B and Cd in the 22 samples from China. A positive
correlation between the microelement B and the toxic metal Cd is observed.............ccceovvenene. 27
Figure 7. Correlational study between Cd and Ni in the 22 samples from China. A positive
correlation between the microelement Ni and the toxic metal Cd is observed. .........c..cccoce.... 27
Figure 8. Correlational study between Cd and Fe in the 23 samples from Europe. A positive
correlation between the microelement Fe and the toxic metal Cd is observed. .........c..cccoveneee. 28
Figure 9. Correlational study between K and Pb in the 23 samples from Europe. A positive
correlation between the macroelement K and the toxic metal Pb is observed. .......c..cccccooevenennen. 28

Risk Assessment of Heavy Metals in Lipsticks 7


file:///C:/Users/Dany/Desktop/Monografia/Tese%203.1.9.docx%23_Toc21639140
file:///C:/Users/Dany/Desktop/Monografia/Tese%203.1.9.docx%23_Toc21639140
file:///C:/Users/Dany/Desktop/Monografia/Tese%203.1.9.docx%23_Toc21639141
file:///C:/Users/Dany/Desktop/Monografia/Tese%203.1.9.docx%23_Toc21639141
file:///C:/Users/Dany/Desktop/Monografia/Tese%203.1.9.docx%23_Toc21639142
file:///C:/Users/Dany/Desktop/Monografia/Tese%203.1.9.docx%23_Toc21639142
file:///C:/Users/Dany/Desktop/Monografia/Tese%203.1.9.docx%23_Toc21639143
file:///C:/Users/Dany/Desktop/Monografia/Tese%203.1.9.docx%23_Toc21639143
file:///C:/Users/Dany/Desktop/Monografia/Tese%203.1.9.docx%23_Toc21639144
file:///C:/Users/Dany/Desktop/Monografia/Tese%203.1.9.docx%23_Toc21639144
file:///C:/Users/Dany/Desktop/Monografia/Tese%203.1.9.docx%23_Toc21639145
file:///C:/Users/Dany/Desktop/Monografia/Tese%203.1.9.docx%23_Toc21639145
file:///C:/Users/Dany/Desktop/Monografia/Tese%203.1.9.docx%23_Toc21639145
file:///C:/Users/Dany/Desktop/Monografia/Tese%203.1.9.docx%23_Toc21639146
file:///C:/Users/Dany/Desktop/Monografia/Tese%203.1.9.docx%23_Toc21639146
file:///C:/Users/Dany/Desktop/Monografia/Tese%203.1.9.docx%23_Toc21639146
file:///C:/Users/Dany/Desktop/Monografia/Tese%203.1.9.docx%23_Toc21639147
file:///C:/Users/Dany/Desktop/Monografia/Tese%203.1.9.docx%23_Toc21639147
file:///C:/Users/Dany/Desktop/Monografia/Tese%203.1.9.docx%23_Toc21639147
file:///C:/Users/Dany/Desktop/Monografia/Tese%203.1.9.docx%23_Toc21639148
file:///C:/Users/Dany/Desktop/Monografia/Tese%203.1.9.docx%23_Toc21639148
file:///C:/Users/Dany/Desktop/Monografia/Tese%203.1.9.docx%23_Toc21639148

List of Tables

List of Tables
Table 1. Lipstick samples from ChinNa..........ccccceiiiiiiiiiieccse e 16
Table 2. Lipstick samples from EUIOPE........cuoii it 17

Table 3. Detection and quantification limits of ICP-OES, wavelengths for each metal and
INStrUMENTAl CONTITIONS ... bbb 19
Table 4. Average concentration, minimum and maximum value of metals in the lipstick

T 1001 0] SRS 23
Table 5. Concentration of toxic metals in lipstick samples (Mg Kg™) ....ooveveveeviiiceciceeeeee 30
Table 6. Health risk assessment for the exposure to Al, Cd and Pb in lipstick samples from
China and Europe under SCCS’s gUIAEINES ........ccviiiiieiiiiiie e 32
Table 7. Carcinogenic health risk assessment for the exposure to Al, Cd and Pb in lipstick
samples from China and Europe under US EPA’s guidelines .........cccccevvevviniiniennieenee e 33
Table 8. Non-carcinogenic health risk assessment for the exposure to Al, Cd and Pb in lipstick
samples from China and Europe under US EPA’s guidelines ........c.ccceveveiieviiiiinnieiieineeniee e 33
Table 9. Intake Assessment for adults aged 19 to 50 years, using the mean metal

(o0 To=T 1 1A T ] SRR 35
Table 10. Intake Assessment for adults aged 19 to 50 years, using maximum metal

(o0 To=T 1 1T ] SRR 36

Table 11. Intake Assessment for 5 years old children, using maximum metal concentrations .. 37

Risk Assessment of Heavy Metals in Lipsticks 8


file:///C:/Users/Dany/Desktop/Monografia/Tese%203.3.5..docx%23_Toc24638491
file:///C:/Users/Dany/Desktop/Monografia/Tese%203.3.5..docx%23_Toc24638491
file:///C:/Users/Dany/Desktop/Monografia/Tese%203.3.5..docx%23_Toc24638492
file:///C:/Users/Dany/Desktop/Monografia/Tese%203.3.5..docx%23_Toc24638492
file:///C:/Users/Dany/Desktop/Monografia/Tese%203.3.5..docx%23_Toc24638496
file:///C:/Users/Dany/Desktop/Monografia/Tese%203.3.5..docx%23_Toc24638496
file:///C:/Users/Dany/Desktop/Monografia/Tese%203.3.5..docx%23_Toc24638496
file:///C:/Users/Dany/Desktop/Monografia/Tese%203.3.5..docx%23_Toc24638497
file:///C:/Users/Dany/Desktop/Monografia/Tese%203.3.5..docx%23_Toc24638497
file:///C:/Users/Dany/Desktop/Monografia/Tese%203.3.5..docx%23_Toc24638497
file:///C:/Users/Dany/Desktop/Monografia/Tese%203.3.5..docx%23_Toc24638498
file:///C:/Users/Dany/Desktop/Monografia/Tese%203.3.5..docx%23_Toc24638498
file:///C:/Users/Dany/Desktop/Monografia/Tese%203.3.5..docx%23_Toc24638498
file:///C:/Users/Dany/Desktop/Monografia/Tese%203.3.5..docx%23_Toc24638499
file:///C:/Users/Dany/Desktop/Monografia/Tese%203.3.5..docx%23_Toc24638499
file:///C:/Users/Dany/Desktop/Monografia/Tese%203.3.5..docx%23_Toc24638499
file:///C:/Users/Dany/Desktop/Monografia/Tese%203.3.5..docx%23_Toc24638500
file:///C:/Users/Dany/Desktop/Monografia/Tese%203.3.5..docx%23_Toc24638500
file:///C:/Users/Dany/Desktop/Monografia/Tese%203.3.5..docx%23_Toc24638500
file:///C:/Users/Dany/Desktop/Monografia/Tese%203.3.5..docx%23_Toc24638501
file:///C:/Users/Dany/Desktop/Monografia/Tese%203.3.5..docx%23_Toc24638501

List of Abbreviations and Acronyms

List of Abbreviations and Acronyms

OC: Degrees Celsius

ADI: Admissible Daily Intake

BMD: Benchmark dose

BW: Bodyweight

CDC: Centers for Disease Control and Prevention
EFSA: European Food Safety Authority

EPA: United States Environmental Protection Agency
EU: European Union

FDA: Food and Drug Administration

HERAG: Health Risk Assessment Guidance for Metals
HI: Hazard Index

HQ: Hazard Quotient

IARC: International Agency for Research on Cancer
ICP-OES: Inductively Coupled Plasma Optical Emission Spectrometry
LL: Long Lasting

LOAEL: Lowest Observed Adverse Effect Level
LOD: Limit of Detection

Lot.: Batch number

ME: Metallic Effect

MoS: Margin of Safety

NA: Not Available

NOAEL: No Observed Adverse Effect Level

POD: Point of Departure

Ppm: Part per million, equivalent to mg kg™

RDI: Recommended Daily Intake

RfD: Reference dose

SCCS: Scientific Committee on Consumer Safety
SD: Standard Deviation

TDI: Tolerable Daily Intake

TWI: Tolerable Weekly Intake

UL: Upper-Level Intake

US: United States

Risk Assessment of Heavy Metals in Lipsticks



Metals

Al: Aluminum
B: Boron

Ba: Barium
Ca: Calcium
Cd: Cadmium
Co: Cobalt
Cr: Chromium
Cu: Copper
Fe: Iron

K: Potassium
Li: Lithium

Mb: Molybdenum
Mg: Magnesium

Mn: Manganese

Na: Sodium
Ni: Nickel
Pb: Lead

Sr: Strontium
V: Vanadium
Zn: Zinc

List of Abbreviations and Acronyms

Risk Assessment of Heavy Metals in Lipsticks

10



Introduction

1. Introduction

Cosmetics intended to give color to the lips have been used since the Sumerians,
back in 7000 B.C. Although they started with a reddish color and consisted of bees-wax,
tallow, and pigment, the custom has been passed down through generations, starting with
the Egyptians to present-day civilizations, where the lipstick, with the push-up holder
style, introduced around 1920, still remains the favorite product among all lipstick

formulas yet invented (1).

Even though the story of cosmetics has started in ancient times, it was in the past
few years that their use increased worldwide, due to both the quest for individual
beautification and the enhanced pressure of marketing and product advertisement (2,3).

Nowadays, lipsticks evolve to a variety of different ingredients, like numerous
waxes, oils, polishes, antioxidants, emollients, dyes pigments as well as filling material
such as mica, silica, fish scales, titanium dioxide to obtain different colors, properties,
and aspects (4). However, the consumer concerns about toxic element contents of this,
and other types of cosmetics has also seen remarkable growth, as various articles point
out (3-6). In fact, cosmetic products are a possible source of daily, population-wide and
frequently long-term exposure to a variety of chemicals (6). As stated by Health Canada,
100% of all cosmetics products have a positive result when tested for Ni. Over 90% tested
positive for Pb, and, on average, incorporate 4 out of 8 metals of concern, which are As,
Be, Cd, Pb, Hg, Ni, Se and Ti (3). Therefore, the use of cosmetics cannot be excluded as

a possible, although less obvious, source of exposure to naturally occurring metals (7).

In general, heavy metals are those whose density is five times greater than the
density of water (8) and even if some trace metals are essential for human health, like Fe,
Cu, and Zn, when present in high concentration, they become toxic (9). Indeed, the metal
content in cosmetic products across several regions of the planet has been studied in
recent articles (3-6,9-22), with Pb, Cd, and Cr being detected in several lipstick samples
(23).

But, how do heavy metals end up in lipsticks? In fact, these can be explained by
two main reasons: either heavy metals can be in ingredients that naturally contain them,
since the components of cosmetic products often include a compound of different metals
(18,19) or, are polluted with them during the production step or by the containers they are

stored in, and, consequently, be present as impurities (20). Some of the metals that can
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be part of the pigments used to achieve a vast variety of colors are Chromium, Cobalt,
Copper, Nickel, Cadmium, and Lead (ordered according to their atomic number)(19).

To give a better understanding, if we focus on Pb, for example, it is known to be
an environmental contaminant, that occurs both naturally, in the earth’s crust, and derived
from several human activities, in organic and inorganic forms (6). If we consider that it
has been extensively used in consumer products, gasoline, and manufacturing processes,
it’s not a surprise that it’s widely distributed thought-out the environment (24), neither
the fact that it is present in the manufacture of raw materials, dyes, and pigments used in

the cosmetic industry (21).

Pb, alongside Cd and Al, are toxic metals known to be stable, with a long
biological half-life, non-biodegradable, lacking a biological function, and being
accumulative in the human organism (25), therefore, capable of several types of toxic
effects (17,26). Cd and Pb, for instance, participate in enzymatic reactions that are Zn-
dependent and can lead to renal dysfunction, endocrine disruption, and hypertension (9).
Al has been associated with neurotoxicity in dialysis patients treated with aluminum-
containing dialysis fluids and aluminosis, in the case of high dust exposure workplaces.
There are, as well, studies showing a higher risk for Alzheimer’s disease in individuals
with chronic aluminum exposure and others trying to figure out if there is a link between
aluminum and breast cancer (27). Ni compounds, on the other hand, are considered
carcinogens group 1, by the International Agency for Cancer Research (IARC) (25), as
well as Cd and its compounds, and Cr (VI1), both associated with lung cancer, while Cr
(V1) has also been linked to stomach tumors (22). Nonetheless, it’s important to not
include Cr and Ni in the toxic metals category, since they are both essential
micronutrients, hence with biological functions (28,29). Finally, Pb has been categorized
by IARC, in group 2B of carcinogens (30,31), and its harmful effects are well
documented. Since it bioaccumulates in various organs such as brain, kidney, heart,
digestive system, and bone (26), it is capable of both acute and chronic poisoning (2), and
has a variety of symptoms, which include vomiting, convulsions, adverse effects on
central nervous system cells, sometimes leading to permanent brain damage or even
death, anemia, as well as pathological changes of various organs (4,24). Most of these
symptoms are present in saturnism, an ancient name for lead poisoning (32). In terms of
lead body burden, more than 90% is localized in bone, having an average half-life of more

than 20 years. Bone releases lead, during increased bone turnover periods in women’s
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lives, such as menopause, pregnancy, and lactation and since lead can cross the placenta,
it has been linked with premature delivery, low birth weight and intrauterine fetal death
(24). Besides that, exposure to lead is the strongest contaminant in the environment that

interferes with healthy reproductive function in adult females (3).

In accordance with the European Regulation No. 1223/2009, there are
substances (listed in Annex Il) that are prohibited in cosmetic products, which includes
all the compounds of Cd, Cr, Pb, among other metals, in the case of lipsticks (33).
Nevertheless, due to their persistent and widespread nature, the presence of trace amounts
of metallic elements in cosmetic products is practically inevitable, even when they are
manufactured under good manufacturing practices (34), and consumers have no way to
perceiving their own risk, since cosmetics companies are not required to report on this
kind of impurities (21).

Considering all these findings, and since cosmetic consumers expose themselves
to heavy metals in small amounts, but for a prolonged period of time, which may be
significant in terms of developing chronic health risk, defined as an irreversible response
characterized by a gradual onset of long duration, following a constant or continuous
exposure period to a low toxicant dose (13), we found useful to determine the levels of
20 metals (Li, B, Na, Mg, Al, K, Ca, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Sr, Mo, Cd, Ba and
Pb) in lipsticks, in order to realize if they are within acceptable limits, with emphases on
the toxic metals here included (Al, Cd, and Pb), for which we will perform a human health

risk assessment.

After searching the literature, no studies were found that assemble the
concentration of these 20 metals in lipsticks, with Cd and Pb being the mainly determined
metals, which makes sense, since they are both highly toxic metals, and, although in a
lesser degree, Cr, Mn, Fe, Co, Ni, Cu, and Zn (10,19,35).

The use of lipstick has been reported to be not only a risk factor but also an
environmental trigger for developing systemic lupus erythematosus (3), which is an
autoimmune disease of yet undetermined cause (36) and, although the skin serves as a
protective barrier, some ingredients and contaminant penetrate the face, lips, or eyes and
are able to produce adverse effects, both local or systemic (23). There are multiple
exposure scenarios related to cosmetics, with dermal exposure being considered the most

important route for cosmetics products since most of them are applied topically. However,
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oral exposure can also occur, especially if used in and around the mouth as well as from
hand-to-mouth contact. Inhalation exposure is typically regarded as insignificant (12). If
we think in lipsticks, that are applied to mucous membranes, then the danger shall be even
greater. In addition to these, lip products also have a higher risk of direct oral ingestion

(37), therefore aggravating the toxic effects of its ingredients (2).

Cosmetic’s matrix is a challenge regarding metal analysis because it is
constituted by many ingredients including oils, waxes, dyes, and pigments, which may
include refractory minerals as alumina, silica, mica, and titanium dioxide (21).
Determining lead, when present at very low concentrations, for instance, is frequently
difficult, because of insufficient sensitivity of the method as well as the matrix
interferences (15). Therefore, we intend to use a highly sensitive method for the
determination of metals, called inductively coupled plasma optical emission spectrometry
(ICP-OES) (38).

Risk Assessment of Heavy Metals in Lipsticks 14



Introduction

2. Objectives

Our primary objective is to determine the concentration of 20 metals in lipsticks.
Secondly, we want to evaluate if there is a statistically significant difference between
lipsticks of distinct origins - China and Europe - regarding their metal content. In addition,
investigate the correlation between toxic metals and the other micro and macro elements
in the samples. In fourth place, verify if the levels of metals are within acceptable limits,
using international guidelines as a reference. Fifthly, a non-cancer and cancer risk
assessment for the toxic metals is discussed. Finally, execute an intake assessment, using
different scenarios.
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3. Materials and Methods

3.1. Literature Search
In February 2019, we conducted a literature review using PubMed in order to
identify articles on metals in lipsticks, that were published during or after the year 2005.

Keywords included “heavy metals”, “trace metals”, “toxic metals”, “metals”, “lipsticks”,

“cosmetics”, “ICP-OES”, “risk assessment” and “assessment”.

3.2. Samples

This study used 45 samples of lipsticks from different brands, colors, and origins,
obtained from supermarkets and traditional markets across Tenerife (Canary Islands,
Spain) between February and April 2019. They were divided into two sample groups,
which represented two different origins, China, listed in Table 1, and Europe, listed in

Table 2. Samples were stored at room temperature until analyses.

Table 1. Lipstick samples from China

N°  Type of sample/Brand/Lot. Origin Wet sample weight ()
1  Purple/Brand 1/0196-016 China 2,815
2 Red/Brand 1/0196-010 China 3,651
3  Red/Brand 2/180121 China 3,854
4  Brown/Brand 2/180121 China 3,833
5 Red/Brand 3/AK001469 China 3,314
6 Brown/Brand 3/AK001469 China 2,730
7  Dark Brown/Brand 3/AK001469 China 3,227
8  Purple/ Brand 3/AK001469 China 3,587
9 Black/Brand 4/AH12-001 China 3,683
10 Pink/Brand 4/A156-001 China 2,892
11 Red/Brand 4/A049-006 China 2,710
12 Purple/Brand 4/A150-001 China 3,317
13 Pink Magico/Brand 4/A173-001 China 3,254
14 Pink L.L/Brand 4/A179-001 China 3,362
15 Pink/Brand 5/F244 China 0,892
16 Pale Pink/Brand 5/F244 China 0,928
17 Brown/Brand 5/F244 China 0,941
18 Brown/Brand 6/NA China 3,830
19 Brown LL/Brand 6/AH07-001 China 3,612
20 Purple LL/Brand 6/AH07-001 China 3,670
21 Blue ME /Brand 6/NA China 4,119
22 Gold ME/Brand 6/NA China 4,070

Looking at table 1, we can see that the manufacturing batch number, represented
as Lot., is not available for samples 18, 21 and 22. It is worth mentioning that they are

all from the same brand.
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Table 2. Lipstick samples from Europe

N°  Type of sample/Brand/Lot. Origin Wet sample weight (g)
23 Red/Brand 7/2270 Europe 3,626
24 Rose/Brand 8/1472104 Europe 3,971
25 Pink/Brand 8/0752104 Europe 4,051
26 Brown/Brand 8/0462104 Europe 4,069
27 Brown Glitter/Brand 9/C099 Europe 5,156
28 Pink/Brand 9/A257 Europe 4,392
29 Red/Brand 9/C191 Europe 4,243
30 Purple Glitter/Brand 9/C071 Europe 4,810
31 Purple Glint/Brand 10/0169 Europe 4,383
32 Light Pink Neon/Brand 10/2128 Europe 4,358
33 Dark Pink Neon/Brand 10/0289 Europe 4,046
34 Pink Matte/Brand 10/0189 Europe 4,596
35 Red Matte/Brand 10/0189 Europe 4,612
36 Purple/Brand 10/0239 Europe 4,240
37 Pink/Brand 10/0239 Europe 4,262
38 Red/Brand 10/0239 Europe 4,112
39 Light Brown/Brand 10/0239 Europe 4,198
40 Dark Brown/Brand 10/0239 Europe 4,219
41 Red Matte/Brand 11/0188 Europe 4,910
42 Pink Acid/Brand 11/1517 Europe 4,052
43 Orange Matte/Brand 11/0188 Europe 5,114
44  Pink Matte/Brand 11/0188 Europe 4,956
45 Orange Acid/Brand 11/1717 Europe 4,407

3.3. Instrumentation

o Precision balance (Metler-Toledo PB153-S, USA)

o Oven (P-Selecta, Spain)

o Hot plate (P-Selecta, Spain)

o Muffle furnace (Nabertherm P330, Germany)

o Inductively Coupled Plasma Optical Emission Spectrometer ICAP 6300 Duo

Thermo Scientific (Waltham, MA, USA).

3.4. Sample Preparation and Analysis

The lipsticks were open and weighted in porcelain capsules, using a precision
balance. The average weight of the samples was 3,75g. After this, the samples were dried
in an oven at 80°C, for at least 24h or until constant weight. Digestion process was then
initiated, adding 65% HNOs to the samples, in order to reduce interferences due to the
organic matter and also to facilitate the extraction of the metals (14). A hot plate at 100 £
20°C inside a fume hood chamber was used to accelerate the process, until complete
evaporation of the nitric acid. Concluded this step, the samples were incinerated using a
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muffle furnace, with a 12h period to reach 450°C, and maintained that temperature for 24
hours. White and/or colored ashes should be obtained since it depends on the pigments
used in each lipstick. If we obtained black ashes, we needed to repeat the digestion with
65% HNOs and incinerate again for 12h at 450°C. One aspect to take into consideration
is that the muffle furnace must be programmed to a maximum temperature of 450°C since
above this temperature there are metallic losses due to volatilization or retention (39). At
last, the ashes were dissolved with 1,5% HNOs3, so the heavy metals do not precipitate, to
a volume of 25 mL, and stored in disposable plastic containers at room temperature, until
further analysis. The metals were determined by inductively coupled plasma optical
emission spectrometry (ICP-OES), which is a highly sensitive method used for the
determination of metals and offers an outstanding reproducibility rate (38). The sample
preparation and analysis process are resumed in Figure 1. This method was performed

according to the laboratory’s internal procedures.

Full . Digestion: i Light-colored

l lipstick Add drops of ashes

65% HNO,

= .~
E.j N2

Muffla hoven:
1) Heating step:

12huntil 450°C

2) Incineration step:
24hat 450°C
Dissolution:

1 S%HNO3

ICP-OES
analysis

Figure 1. Sample treatment and analysis

The equipment introduces an Argon (Ar) flow in a radio frequency field which
reaches high temperatures, up to 10000 °C, necessary to cause the ionization, excitation,
and emission of radiation by the elements incorporated in the analyzed sample. The
measurement of the radiation emitted by the atoms and ions is, consequently, what is
determined by the ICP-OES, expressed in mg L. The detection and quantification limits
of the ICP-OES apparatus are represented in Table 3, so as the wavelengths (hm) for each

analyzed metal and the instrumental conditions.

Risk Assessment of Heavy Metals in Lipsticks 18



Materials and Methods

Table 3. Detection and quantification limits of ICP-OES,
wavelengths for each metal and instrumental conditions

Metal Wavelength Detection limit Quantification limit

(nm) (mg/l) (mg/l)
Al 167,0 0,004 0,012
B 249,7 0,003 0,012
Ba 455,4 0,001 0,005
Ca 317,9 0,58 1,955
Cd 226,5 0,0003 0,001
Co 228,6 0,0006 0,002
Cr 267,7 0,003 0,008
Cu 327,3 0,004 0,012
Fe 259,9 0,003 0,009
K 769,9 0,565 1,884
Li 670,8 0,005 0,013
Mg 279,1 0,583 1,943
Mn 257,6 0,002 0,008
Mo 202,0 0,0007 0,002
Na 589,6 1,097 3,655
Ni 231,6 0,0007 0,003
Pb 220,3 0,0003 0,001
Sr 407,7 0,0007 0,003
\V 310,2 0,001 0,005
Zn 206,2 0,002 0,007

Model: iCAP 6300 Duo de Thermo Scientific

Gas flow: 0,5 L/min

Approximate RT power: 1150 W

Setting time: 0's

Injecting the sample to flow pump: 50 rpm (stabilization flow, analysis
flow)

3.5. Statistical Analysis

Statistical analysis were executed with IBM SPSS Inc., version 23.0. Initially, a
normality study was performed, in order to analyse the distribution of data, using
Kolmogorov-Smirnov and Shapiro-Wilk tests. To evaluate the homogeneity of variances,
Levene statistics tests were also performed. The results did not follow a normal
distribution, so the conditions for a parametric test were not met. Instead, a no parametric
test for independent samples was conducted, the Mann-Whitney U test, in order to find
the possible differences between the two origins of lipsticks. P-values < 0,05 were
considered statistically significant. For the statistical study, the data was treated based on
lipsticks origin. Correlation tests were also conducted, using Spearman’s rank correlation

coefficient.
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3.6. Human Health Risk Assessment

Two exposure pathways for heavy metals from lipsticks have been determined -
oral and dermal routes. Taking into account these two routes, it has been decided to use
the risk assessment models offered by the SCCS (40) and US EPA (41), to calculate the

hazard associated with the presence of heavy metals in this type of cosmetics.

3.6.1. The Scientific Committee of Consumer Safety (SCCS) model

The safety evaluation of heavy metals in cosmetics has been calculated with Eq.
(1) Margin of Safety (MoS), as it is explained in the SCCS Notes of Guidance (40), where
RfD (mg-kg*-day™?) is a reference dose of heavy metals and SED (mg-kg™*-day™) is the
Systemic Exposure Dose. An MoS>100 indicates that the cosmetic ingredients submitted

for evaluation are safe for human health.

YOS — POD
~ SED @

The POD used was based on the NOAEL of each toxic metal, which were 125
mg-kgt-day? for Al (42); 0,019 mg-kg™-day™ for Cd (43) and 0,00286 mg-kg*-day* for

Pb (44). The parameter SED could be referring to either oral dose or dermal dose.

The SEDgermal (Mg-kg*-day™?) is calculated according to Eq (2), where EX (%) is
the amount of metal a person is exposed to when using lipstick, referred to the average
weight of the samples, and DA (%) is the percentage of absorption of metals throughout
the skin. In the absence of data and, because the log Kow of the three metals is between
-1 and 4 (45) and their melting point is greater than 200°C, a DA of 10% can be estimated
for each one (46). An a posteriori safety evaluation about metals in cosmetics used 0,8%
and 0,3% for the dermal absorption of Cd and Pb, respectively (7), and so did we. Sadly,
Al was not evaluated in the previous article. However, a study of 2°Al chlorohydrate
absorption, one of the most used antiperspirant components, concluded an average dermal

absorption of 0,028% (47), and this was the value we worked with.
SEDgjermar = EX/100 X DA/100 @)

Meanwhile, the SEDoral (Mg-kg?-day?) is determined with Eq. (3), where OA (%)
is the percentage of absorption of metals throughout ingestion. The OA for Al, Cd and Pb
are 0,1% (48), 5% (49) and 60% (50), respectively.
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SED,rq = EX/100 x 0A/100 3)

In both equations, (2) and (3), the parameter EX (mg-kg*-day™) is the same and
can be calculated with the Eq. (4), where C (mg-g™) is the concentration of heavy metal
in lipstick, g (0,9 mg-kg b.w.*-day™?) is the relative daily amount applied of lipstick, and

Fret (1,0) is a unitless factor retention (40).

EX =CXqXFpg 4)

3.6.2. The Environmental Protection Agency of the United States (US EPA) model

The US EPA health risk assessment includes carcinogenic and non-carcinogenic
guides (41). The Eq. (5) determines the Chronic Daily Intake (mg-kg™-day™) for dermal
exposure (CDlgermar), Where C (mg-kg™?) is the concentration of heavy metal in lipstick,
SA is the exposed skin area (4,8 cm?) (40). AF is the adherence factor (0,1 mg-cm),
ABS is a unitless dermal absorption factor (0,1), EF is the exposure frequency (350
days-year?), ED is the exposure duration (30 years), BW is the body weight (70 kg) and
AT is the averaging time (25550 days).

CXSAXAF X ABS X EF X ED x 0,001

CDlgermar = BW x AT ®)

The Chronic Daily Intake (mg-kg™-day™) for oral absorption (CDloral) is defined
as set forth in Eq. (6) being C (mg-kg™) the concentration of heavy metal in lipstick, EX
the amount of lipstick applied per day (0,087 mg-day?) (51), FI a unitless fraction
ingestion (1), EF the exposure frequency (350 days-yea™), ED the exposure duration (30
years), BW the body weight (70 kg) and AT the averaging time (25550 days).

CXEXXFIXEF XED x 0,001
BW X AT
Once the CDIs are calculated, the carcinogenic and non-carcinogenic risk is

CDI,q = (6)

evaluated for each exposure pathway. Firstly, Eq. (7) is used for calculating the
carcinogenic risk from individual heavy metals, where SF is the slope factor of a
dangerous substance. The oral SF of Cd and Pb are 15 and 0,0085 (mg-kg!-day™),
respectively (30,52). The SF for Al could not be found.

Cancer risk = CDI X SF )
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The total carcinogenic risk is calculated with the Eq. (8). The values have to be

less than or equal to 10 to consider that there is no risk (41).

n
Total cancer risk oral = Z CDI ;, x SF, (8)
%

When the CDI from oral and dermal exposure has been calculated, the non-
carcinogenic risk is determined with a Hazard Quotient (HQ) with the Eq. (9). for both
exposure pathways. The RfD values for Al, Cd, and Pb are 0,0004 mg kg b.w.* day?;
0,0005 mg kg b.w.? day? (23) and 0,00063 mg kg b.w.* day?, respectively. An HQ<I
indicates that the cosmetic ingredients submitted for evaluation are safe for human health.

_¢DI
Q_Rf—D

The total non-carcinogenic risk is calculated with the Eq. (10), which refers to a

©)

Hazard Index (HI) that estimates the risk of mix heavy metals contaminants, where the

values have to be less than or equal to 1 to consider that there is no risk (41).

HI = Z HQ, (10)
k
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Results and Discussion

4.1. Concentration of 20 metals in the lipstick samples

In the samples submitted to analysis, it was determined a total of 4 macroelements:
Na, K, Ca and Mg; 13 microelements: B, Ba, Co, Cr, Cu, Fe, Mn, Mb, Li, Ni, Sr, V and

Zn; and 3 toxic metals: Al, Cd, and Pb (38). The results of the average concentration,

minimum and maximum value of these 20 metals in the lipstick samples, based on their

origin, either China or Europe are expressed in Table 4. The individual metal value for

each of the lipsticks analyzed can be seen in Table 5, in the case of toxic metals, and in

point 7.1. and 7.2. of the Attachments, in the case of macro and microelements. For

statistical analysis purposes, values below the LOD were considered as 0.

Table 4. Average concentration, minimum and maximum value of metals in the lipstick

samples

Al(mg/kg)  B(mg/kg)  Ba(mg/kg) Ca(mg/kg) Cd(mg/kg)
China
Average+SD 70,5+61,8 26+3,6 501+ 5,01 737 + 744 0,07 £ 0,08
Min. - Max. 2,0-291 0-11,30 0-204 29,5 - 2364 0-024
Europe
Average +SD 50,6+ 19,6 1,14 + 0,98 2,52+4,3 302+404 0012+0,01
Min. - Max. 3,5-745 0-43 0-21,4 0-1538 0-0,09

Co (mg/kg) Cr(mg/kg) Cu(mg/kg) Fe(mg/kg) K (mg/kg)
China
Average + SD 0,09+01 0,19 +£0,37 578+16,1 152 +227 113+ 204
Min. - Max. 0-0,37 0-1,73 0,31-722 0-640 0-854
Europe
Average +SD 0,03+0,03 0,08+0,08 0,54+0,14 92,4 +79,7 81+99,1
Min. - Max. 0-0,24 0-0,28 0,25-0,93 7,1-598 0-441

Li(mg/kg) Mg(mg/kg) Mn(mg/kg) Mo(mg/kg) Na(mg/kg)
China
Average+SD 0,71+1,23 323+37,2 557 + 8,57 6,88 +21,4 715 + 887
Min. - Max. 0-5,04 0-134 0,12 - 28,9 0-93,3 57,9 - 2820
Europe
Average+SD  1,05+1,08 48,3 + 57,7 2,64+ 3,61 0,155+ 0,4 480 + 782
Min. - Max. 0-3.2 0-154 0,1-115 0-1,32 0-3228

Ni(mg/kg) Pb(mg/kg) Sr(mg/kg) V(mg/kg) Zn(mg/kg)
China
Average+#SD 0,12+ 0,09 0,27 + 0,38 3,06+ 3,29 1,89 +7,93 14,8 +51,3
Min. - Max. 0,03-0,32 0,00 - 1,46 0,21-11,5 0,-374 0,32 -242
Europe
Average +SD 0,09+ 0,08 0,42 + 0,82 1,65+ 1,97 0,41+0,33 13,6 £+33,5
Min. - Max. 0,03-0,41 0-339 0,23 -842 0-2,34 0,2-141
NOTE: mg/kg of wet weight
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Looking at the results, we can conclude that the macroelements with the highest
concentrations are Ca and Na in both China and Europe samples. In the microelements,
Fe was the metal with the highest value in both samples’ groups. At last, in terms of toxic
metals, Al was, by far, the dominant element. The metal concentrations in the lipsticks
have a large variation, which may be attributed to the quality of the raw materials used in
its production (19).

Still, in relation to the toxic metals, Al was found in 100% of the samples, with

concentrations within the range of 2,0 - 291 ppm.

Cd was detected in 82% of lipsticks from China with values up to 0,24 ppm, and in
approximately 57% of European lipsticks, with values up to 0,09 ppm. Our results for Cd
in Chinese samples — an average of 0,07 ppm - are consistent with other authors'
discoveries of a mean result of 0,09 ppm of Cd for lipsticks available in Portuguese
markets (34), but our European samples average concentration is way lower than that
value — 0,012 ppm. Close to our findings towards European samples is the average value
of 0,017 ppm obtained for Cd in this article (26). Both China and Europe averages are
lower than the results of an assessment of Cd in cosmetic products used in Iran, with
values within the range 4,08 - 60,20 ppm (20). Note that a different method was used.

Pb was present in approximately 73% of lipsticks from China and 78% from Europe,
at a level of <LOD - 1,5 ppm and <LOD - 3,4 ppm, respectively. A test to 33 brands of
lipsticks done by the Campaign for Safe Cosmetics, back in 2007, realize that 61%
contained Pb, which is slightly lower than our findings (37). A European survey on the
content of Pb in lip products, discovered an average Pb value of 0,58 — 0,88 ppm,
depending on the lipstick color (6), which is higher than our average Pb value of 0,27
ppm and 0,42 ppm, for China and Europe samples. But a determination of lead in lipsticks
sold in Iran determined a Pb content of 0,21 — 0, 46 ppm (15), which is close to our
findings. Different from our results are the findings of an investigation of Pb in 25
lipsticks, although a different method is used, whose average Pb concentration is 1,91

ppm (4).
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4.2. Statistical analysis results

There are statistically significant differences in the concentrations of Ba, Cd, Cu, and
Li between the 2 origins. We could conclude that the average concentration of Ba, Cd,
and Cu is higher in lipsticks from China, compared to Europe (graphics depicted in
Figures 2, 3 and 4) and the contrary happens in the case of Li, where lipsticks from Europe

have a greater average concentration (graphic in Figure 5).
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Figure 2. Statistic comparative study of Ba
between Chinese and European samples.
Average concentration of Ba is higher in
China’s samples.
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Figure 3. Statistic comparative study of Cd
between Chinese and European samples.
Average concentration of Cd is higher in
China’s samples.
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Figure 4. Statistic comparative study of Cu
between Chinese and European samples.
Average concentration of Cu is higher in

China’s samples.
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Figure 5. Statistic comparative study of Li
between Chinese and European samples.
Average concentration of Li is higher in

Europe’s samples.

4.3. Correlation studies

The correlations, either positive or negative, between the toxic and the other metals
has also been a matter of study in our research, in which we could realize a positive
correlation between the concentration of B/Cd and Ni/Cd in the samples from China
(Figures 6 and 7) and between Cd/Fe, and K/Pb in the European samples (Figures 8 and
9). This means that as the concentration of a metal increases, so does the concentration of

the other. Only R?> 0,6 have been considered in the described examples, as we can see

in the graphics below.
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Figure 6. Correlational study between B and
Cd in the 22 samples from China. A positive
correlation between the microelement B and
the toxic metal Cd is observed.
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Figure 7. Correlational study between Cd and
Ni in the 22 samples from China. A positive
correlation between the microelement Ni and
the toxic metal Cd is observed.
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Figure 9. Correlational study between K and
Pb in the 23 samples from Europe. A positive
correlation between the macroelement K and
the toxic metal Pb is observed.
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4.4. Concentration of toxic metals in lipsticks samples and compliance with
International Legislation

4.4.1. International Legislation

Respecting regulation, there is no globally harmonized system of safe permissible
limits of heavy metals in cosmetics (8,13). Currently, in accordance with the European
Regulation No. 1223/2009, many metals are banned as intentional ingredients, but they
are not restricted as product impurities, since their presence as such is considered
unavoidable, but, in turn, in conformity with article 3, it is requested that cosmetic
products available on the market to be safe for human health when used under normal
conditions (6). The Food and Drug Administration (FDA), in the US, has established
concentrations up to a maximum value of 10 ppm of Pb in cosmetic pigments (53). Health
Canada states the appropriate limits for Cd, 3 ppm, and Pb, 10 ppm, as impurities in
cosmetic products (23). The Draft Guidance on Heavy Metal Impurities in Cosmetics,
from Health Canada, states that toxicological properties and corresponding risk
associated with other metals are considered less significant than for lead, cadmium,
among others, and, accordingly, impurity limits in cosmetics for these metals have not
been developed (36). The Ministry of Food and Drug Safety, in Korea, has specific
limitations that are product dependent. Hence, in the case of makeup, in which group we
think lipsticks belong, the limit for Pb is 10 ppm (23). Finally, the German Federal Office
of Consumer Protection and Food Safety determined that metal levels, as impurities, in
cosmetics, above 0,1 ppm for Cd, and 2 ppm for Pb were considered technically

avoidable, in the newly revised limit (54).

4.4.2. Compliance with the International Legislation

A comparison was made of the concentrations obtained in this study with the
levels established by the previous organizations. We did so, in 2 different parts: on one
hand, we compared our results with Canada, Korea, and Germany limits, and we could
conclude that neither the Cd nor Pb concentrations in the samples analyzed are above the
Canadian limits and none surpass the Korean limit for Pb. However, a total of 6 samples
(number 5, 7, 8, 15, 16 and 17) exceeded the German limits for Cd, all of them from
China, and 1 sample (number 31) exceeded the limit for Pb. In this case, a European

sample. This can be seen in the Attachments’ point 7.1. and 7.2.
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Then, we compared the values of the 3 toxic metals, Al, Cd, and Pb, for whom the
risk assessment will be performed, with US and EU legislation, since we will use data
from both entities in our assessment. Knowing this, eleven brands of lipstick from China
and Europe samples were analyzed. Table 5 shows the Al, Cd, and Pb concentration

detected in the 45 samples.

Table 5. Concentration of toxic metals in lipstick samples (mg kg™)

China Europe
Ne_Type of sample Al cd Pb Ne_Type of sample Al cd Pb
1 Purple Glitter/Brand 1 93,3 0,018 0,391 |23 Red/Brand 7 74,5 0,00 0,00
2 Red/Brand 1 67,4 0,014 0,591 |24 Rose/Brand 8 40,5 0,013 0,076
3 Red/Brand 2 38,4 0,00 0,045 |25 Pink/Brand 8 62,9 0,00 0,099
4 Brown/Brand 2 1,98 0,007 0,033 26 Brown/Brand 8 33,4 0,012 0,074
5 Red/Brand 3 79,2 0,211 0,00 27 Brown Glitter/Brand 9 43,9 0,024 0,184
6 Brown/Brand 3 33,1 0,101 0,238 |28 Pink/Brand 9 62,0 0,006 0,00
7 Dark Brown/Brand 3 80,6 0,209 0,00 29 Red/Brand 9 63,6 0,006 0,00
8 Purple/ Brand 3 71,8 0,244 0,00 30 Purple Glitter/Brand 9 50,0 0,026 1,107
9 Black/Brand 4 15,2 0,007 0,041 31 Purple Glitter/Brand 10 57,6 0,023 3,394
10 Pink/Brand 4 93,4 0,00 0,00 32 Light Pink Neon/Brand 10 3,61 0,00 0,052
11 Red/Brand 4 94,1 0,00 0,00 33 Dark Pink Neon/Brand 10 3,45 0,00 0,037
12 Purple/Brand 4 81,4 0,090 0,00 34 Pink Matte/Brand 10 57,7 0,00 0,745
13 Pink Magico/Brand 4 28,0 0,00 0,108 |35 Red Matte/Brand 10 54,2 0,011 0,911
14 Pink Long Lasting/Brand 4 4,52 0,022 0,074 36 Purple/Brand 10 57,9 0,012 0,619
15 Pink/Brand 5 291 0,196 0,897 |37 Pink/Brand 10 60,4 0,018 0,123
16 Pale Pink/Brand 5 111 0,189 0,862 |38 Red/Brand 10 64,4 0,00 0,00
17 Brown/Brand 5 146 0,106 0,372 39 Light Brown/Brand 10 60,7 0,036 0,066
18 Brown/Brand 6 44,6 0,046 0,098 |40 Dark Brown/Brand 10 61,6 0,089 0,00
19 Brown Long Lasting/Brand 6 7,34 0,014 0,083 41 Red Matte/Brand 11 60,1 0,00 0,143
20 Purple Long Lasting/Brand 6 70,8 0,089 1,458 |42 Pink Acid/Brand 11 3,55 0,00 0,037
21 Blue Metallic Effect/Brand 6 57,8 0,012 0,467 |43 Orange Matte/Brand 11 59,6 0,005 0,171
22 Gold Metallic Effect/Brand 6 40,4 0,006 0,160 |44 Pink Matte/Brand 11 61,5 0,00 0,893
45 Orange Acid/Brand 11 10,6 0,00 0,034
Mean+SD 70,5+61,8 0,07+0,08 0,27+0,38 | Mean+SD 48,2+21,9 0,01+0,02 0,38+0,74
Min-Max 1,98-291 0-0,244 0-1,458 | Min-Max 3,55-745 0-0,089 0-3,394

4.4.3. Concentration of aluminum

The mean concentration of Al in lipsticks from China was 70,5 mg-kg, which is
an identical result to that found by (23), where the concentration of Al in Korean lipsticks
was 79,9 pg-g L. Lipsticks from Europe have an average amount of 48,2 mg-kg*. Neither
European Union nor the United States have established maximum levels for Al in
cosmetics, since many components used for the manufacture of these products
incorporate Al, like “aluminum powder” and "aluminum lake dyes", for example FD&C
BLUE 1 Aluminum Lake (33,55). The term “lake” refers to color additives usually used
in food, drugs, and cosmetics. It contains aluminum oxide, which is reacted with coloring
matter under aqueous conditions. These pigments are considered safe (47,56), since they
are not soluble in water and stained by dispersion, thus, being regularly used when it is
important to keep a color from "bleeding,” as in lipstick (57,58). However, some
unreacted aluminum oxide may also be present in the final product, which may presume

a risk for the skin, although low, because of its dermabrasive properties (59).
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4.4.4. Concentration of cadmium

The average Cd concentration of the lipsticks submitted to analysis was 0,07
mg-kg* for samples from China and 0,01 mg-kg™ in samples from Europe. The highest
concentrations were found in samples from brands 3 and 5, with values as high as 0,211
mg kg %, while in the rest of the brands the concentrations did not surpass 0,09 mg-kg™.
The amount of Cd found in this study is lower than reported by (60-62), where the
concentrations vary between 0,06 - 0,33 mg-kg™; 5,4 - 10,6 mg-kg*; and 1,83 - 412,23
mg-kg, respectively. The FDA has not established a maximum concentration of Cd in
cosmetics since they consider that the levels found in a variety of cosmetics products
would not pose a health risk (63). The European Regulation (EC) No 1223/2009 (33),
however, prohibits the use of cadmium and its compounds for the manufacture of
cosmetic products. Hence, only 18% of the Chinese samples and 48% of the European
samples meet the requirements of the European Regulation regarding Cd content.

4.4.5. Concentration of lead

The mean Pb concentrations detected in lipsticks were 0,27 mg-kg™ in samples
from China and, 0,38 mg-kg™ in samples from Europe. The highest value found was 3,39
mg-kg™ in sample 31. The results of the amount of Pb found in samples from China and
Europe were slightly superior to the levels presented by (13,14), whose range of
concentrations was 0,77 - 15,44 mg-kg™ and 6,4 - 9,9 mg-kg™. In the case of Pb, the FDA
has set a maximum level of 10 ppm (53), a concentration that is considered achievable by
manufactures. The European regulation, however, as with the Cd, prohibits the presence
of Pb and its compounds in cosmetics (33). This being said, on one hand, none of the
samples of this study exceed the limits of 10 ppm established by the FDA, but, on the
other hand, an approximately 72% of both China and Europe’s samples do not comply
with the Regulation (EC) No 1223/2009 (33).
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4.5. Human Health Risk Assessment

Since cosmetics are used for a prolonged period of time and are in contact with
sensitive and thin areas of the skin, like the lips, the presence of heavy metals in this type
of product has gained importance in recent years, because of the limited knowledge of its
concentrations. Despite these concentrations may seems negligible if we compare them
with water, food and air sources, their health toxicities should not be neglected.

4.5.1. SCCS’S health risk assessment

The health risk assessment evaluated under SCCS’s guidelines is presented in
Table 6. The highest SED was found in oral exposure for Al in lipstick from China. Our
dermal SED for Cd and Pb differs from the SED deriving from dermal exposure in this
study (7), which was 3,80 x 108 and 5,70 x 108 for Cd and Pb, respectively. The most
worrying result, though, belongs to the MoS from oral exposure to Pb in lipsticks from
China and Europe, both below the safety margin of 100 (40), so the possible health risks
due to the presence of this metal in lipsticks should not be underestimated. It can be
considered that the values obtained from the safety evaluation for Al and Cd are within

those stipulated by the SCCS and that there is no risk to health, neither for oral or dermal

exposure.
Table 6. Health risk assessment for the exposure to Al, Cd and Pb in
lipstick samples from China and Europe under SCCS’s guidelines
China Europe
Al cd Pb Al cd Pb
EX 6,35E-02 6,30E-05 2,43E-04 |4,34E-02 7,20E-05  3,42E-04
Dermal SED 4,74E-06 1,34E-07 1,944E-07 | 3,24E-06 1,54E-07 2,74E-07
MoS 2,64E7 1,41E5 1,47E4 3,86E7 1,23E5 1,04E4
Oral SED 1,69E-04 8,40E-07 3,88E-05 |1,16E-04 9,60E-07 5,47E-05
MoS 7,39E6 2,26E4 73,6 1,08E7 1,98E4 52,3

“EX” units (mg-kg-t-day1)
“SED” units (mg-kg1-day1)
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4.5.2. US EPA’s health risk assessment

The carcinogenic and non-carcinogenic risk assessments are summarized in
Tables 7. and 8., respectively. Regarding the evaluation of carcinogenic risk, the highest
“Total cancer risk” value corresponds to the oral evaluation of samples from Europe,
which is 6,15x107. This result could be higher, since the cancer risk of Al was not
considered, due to the lack of its slope factor. Despite this, the acceptable or tolerable risk
for regulatory purposes is within the range of 10— 10 (41), being the 10 the upper
limit for acceptable risk of developing cancer (64), so there seems to be no risk to health.
However, this result is very close to the range that the US EPA considers to be safe, so
the possibility of risk to the population of high use of cosmetics should not be

underestimated.

From the results obtained in the non-carcinogenic risk assessment, the highest
results for HQ and HI are 0,090, corresponding to oral exposure to Al in lipsticks from
China. In both cases, the results are below 1, so they could be considered safe because

they show that there is no significant risk to health (41).

Table 7. Carcinogenic health risk assessment for the exposure to Al, Cd and Pb in lipstick
samples from China and Europe under US EPA’s guidelines

Cancer risk assessment

Oral Dermal
CDI Cancer Total CDI Cancer Total
risk cancer risk risk cancer risk
China Al 3,60E-05 - 1,99E-05 -
cd 3,58E-08 5,36E-07 537E-07 |197E-08 2,96E-07 2,97E-07
Pb  1,38E-07 1,17E-09 7,61E-08 6,47E-10
Europe Al 2,46E-05 - 1,36E-05 -
Cd 4,09E-08 6,13E-07 6,15E-07 |225E-08 3,38E-07 3,39E-07
Pb  194E-07 1,65E-09 1,07E-07 9,10E-10

Table 8. Non-carcinogenic health risk assessment for the exposure to Al, Cd and Pb in
lipstick samples from China and Europe under US EPA’s guidelines

Non-cancer risk assessment

Oral Dermal
HQ HI HQ HI
China Al 0,090 0,050
cd 7,15E-05 0,090 3,95E-05 0,050
Pb 2,19E-04 1,21E-04
Europe Al 0,062 0,034
cd 8,17E-05 0,062 4,51E-05 0,034
Pb 3,08E-04 1,70E-04
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4.6. Intake Assessment

To make our research more useful, we decided to do an intake assessment, this is,
calculate the contribution of the metals for which there are parameters such as TWI, TDI,
RDI and Uls to the daily intake, accordingly to the concentrations we obtained for each
of those in our samples. In order to assess the safety of the lipsticks, we used cosmetics’
exposure data available in the L.J. Loretz et al. article (51) in which an average amount
of 0,037g of lipstick is considered to be applied per application, and 0,087g is the average
amount applied per day. Since the parameter’s values are considered per day, we decided

to focus on the average amount applied per day — 0,087g — to conduct our exercise.

We developed three scenarios: the first, where the average concentration of each
metal, independently from the origin of the sample, was used to determine the
contribution, in %, for the daily intake, for women and men aged 19 to 50 years.
Unfortunately, we could not find parameters related to Co and Li; a second one, where
the maximum detected concentration of each metal was used with the same purpose; and
thirdly, for a “worst-case scenario” situation we picked the maximum detected
concentration of each metal and the parameters for children with 5 years old, since at that
age we considered that they can use lipsticks for some occasions, like Carnival,
Halloween or Birthday parties. The adult body weight was set on 68,48 kg (38) and the
children's body weight was set on 17,38 kg (65). The results are resumed in Table 10, 11
and 12.
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Table 9. Intake Assessment for adults aged 19-50 years, using the mean metal concentrations

Metal | Parameter Value Source Mean Contribu-
concentration | tion(%)
(mg/kg)
Al TWI 1 mg/kg bw/week (48) 59,64 0,053
Ccd BMDLs | 0,357 pug/kg bw/day (66) 0,01 0,004
Pb BMDLo1 | 0,63 pg/kg bw/day (50) 0,08 0,017
Ni 2,8 ug/kg bw/day (67) 0,08 0,003
Sr TDI 0,13 mg/kg bw/day (68) 1,26 0,001
Ba 200 pg/kg bw/day (69) 2,93 0,002
Cr 35 mg/day (men) 0,06 -
25 mg/day (women) -
Cu 1,1 mg/day 0,61 -
Fe 9 mg/day (men) 45,85 0,001
18 mg/day (women) -
Zn 9,5 mg/day (men) 1,86 -
RDI 7 mg/day (women) (70) 0,004
Mn 2,3 mg/day (men) 0,85 -
1,8 mg/day (women) 0,002
Mo 45 mg/day 0,02 -
Ca 1000 mg/day 159 -
Na 1500 mg/day 219 -
K 3100 mg/day 35,70 -
Mg 350 mg/day (men) 19,58 -
300 mg/day (women) -
B UL 20 mg/day (38) 0,71 -
Vv 1,8 mg/day 0,20 -

Note: Values of contribution inferior to 0,001% have been omitted
In terms of lipstick’s contribution to the daily intake of the metals assessed, using

the first scenario, the results do not seem to be concerning, since the highest contribution
was 0,053% in the case of Al.
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Table 10. Intake Assessment for adults aged 19-50 years, using maximum metal concentrations

Metal | Parameter Value Source Maximum Contribu-
concentration | tion (%)
(mg/kg)
Al TWI 1 mg/kg bw/week (48) 291 0,259
Cd BMDLs 0,357 pug/kg bw/day (66) 0,24 0,085
Pb BMDLo:1 | 0,63 pg/kg bw/day (50) 3,39 0,684
Ni 2,8 ug/kg bw/day (67) 0,41 0,019
Sr TDI 0,13 mg/kg bw/day (68) 11,51 0,011
Ba 200 pg/kg bw/day (69) 21,44 0,014
Cr 35 mg/day (men) 1,73 -
25 mg/day (women) -
Cu 1,1 mg/day 72,23 0,008
Fe 9 mg/day (men) 640 0,009
18 mg/day (women) 0,005
Zn 9,5 mg/day (men) 242 0,003
RDI 7 mg/day (women) (70) 0,004
Mn 2,3 mg/day (men) 28,92 0,002
1,8 mg/day (women) 0,002
Mo 45 mg/day 93,32 -
Ca 1000 mg/day 2364 -
Na 1500 mg/day 3228 -
K 3100 mg/day 854 -
Mg 350 mg/day (men) 154 -
300 mg/day (women) -
B UL 20 mg/day (38) 11,29 -
Vv 1,8 mg/day 37,39 0,003

Note: Values of contribution inferior to 0,001% have been omitted

In this second scenario, a contribution of 0,684% to the daily intake was achieved

for Pb. Comparing to water, air or food, a number of contribution for trace metals in

lipsticks may look like a minimum fraction that can negatively affect human health, but,

in our point of view, these negative effects should not be neglected, since cosmetics have

been continuously applied to areas of the skin that are not only sensitive, such as the lips,

but are also tissues with high blood perfusion, thus increasing the risk of percutaneous

absorption. Furthermore, Pb has an oral absorption rate as high as 70% in fasting

individuals, thus increasing our concerns (50).
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Table 11. Intake Assessment for 5 years old children, using maximum metal concentrations

Metal | Parameter Value Source Maximum Contribu-
concentration | tion (%)
(mg/kg)

Al TWI 1 mg/kg bw/week (48) 291 1,102
Cd BMDLs | 0,357 pg/kg bw/day | (66) 0,24 0,336
Pb BMDLo1 | 0,5 ug/kg bw/day (50) 3,39 3,394
Ni 2,8 ug/kg bw/day (67) 0,41 0,073
Sr TDI 0,13 mg/kg bw/day (68) 11,51 0,044
Ba 200 pg/kg bw/day (69) 21,44 0,054
Cr 15 mg/day 1,73 -

Cu 0,6 mg/day 72,23 0,060
Fe 8 mg/day 640 0,040
Zn 6 mg/day 242 0,020
Mn RDI 1,5 mg/day (70) 28,92 0,010
Mo 22 mg/day 93,32 0,002
Ca 700 mg/day 2364 0,002
Na 1200 mg/day 3228 0,001
K 1100 mg/day 854 -
Mg 120 mg/day 154 0,001
B UL 6 mg/day (71) 11,29 0,001

Note: Values of contribution inferior to 0,001% have been omitted

The extensive utilization of cosmetic products and the variable number of habits
and practices of consumers are the head obstacles for an accurate evaluation of consumer
exposure to cosmetics (31). However, we must take in consideration that the emphasis on
individual beauty in media and magazines promote the use of cosmetics, such as lipsticks,
not only by adolescents and women (16) but also by children, whose skin is characterized
as thin, fragile, sensitive and has greater percutaneous absorption, which can lead to
systemic toxicity (19). The current Centers for Disease Control and Prevention (CDC)
guideline, for instance, states that there is no known safe blood lead level and even current
low levels of exposure in children are linked to neurodevelopmental deficits (72) and in
this last scenario, working with the values available for children, we encountered an
approximately 3,4% contribution of Pb to the daily intake. In addition to what we
explained before regarding the thin and sensitive area that lips represent, it’s important to
take in consideration that the oral absorption of Pb in children is even higher than in adults

(44,50), hence we consider children as a vulnerable group in this study.
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4.7. Discussion

Although initially, we had in mind to do a risk assessment including Ni and Cr,
we realized that Ni, for instance, is poorly absorbed in the gastrointestinal tract — the
HERAG states 0,05% to 0,3% as an oral absorption rate for this metal (73). Its
carcinogenic action, on the other hand, is mainly provoked by occupational activity (74).
It is, as well, an essential micronutrient, being part of both DNA and RNA, acting as a
stabilizer of the tertiary structure of nucleic acids and proteins, not to mention its part as
a structural component and co-factor of various enzymes (28) and, despite the fact that
Ni is the most frequent cause of contact allergy, mainly presented as hand eczema, this
usually happens not only to nickel-allergic individuals (75) but also if a combination of
dermal exposure and per os ingestion of the element occurs, thus increasing sensitization
and skin response to the metallic element. Hypersensitivity to Nickel can be occupational,
as well (28). With all this combined, we did not perceive Ni as a worthy candidate to
undergo a risk assessment. However, Nickel concentration above 1 ppm can cause contact
dermatitis (35), so we found useful to see if the lipstick tested exceeded this level. This

was not the case, since nickel’s maximum concentration was 0,3 ppm.

About Cr, as mentioned before, the most common forms are Cr (111) and Cr (V1).
Cr (I11) is the most prevailing and exists naturally in the human body. Its biological
function in glucose metabolism is already known. Cr (V1) however, is a recognized
carcinogen, coming up as an industrial contaminant, in the chromate form (29) and has
been associated with lung cancer (76). Since we could not distinguish, in our work, the
two forms, we would not, therefore, been able to conduct an appropriate risk assessment
study. Nonetheless, Cr maximum concentration is recommended to be 5 ppm, since it can
act as an allergen (16), but in our work, the highest value was 1,7 ppm, and so, below the

recommended maximum level.

Even though the concentrations of heavy metals have been studied in numerous
articles, the clarification of how the described levels relate to possible adverse health risk

assessment is demanding (23).

Regarding yet the risk assessment we conducted, we could not find a slope factor
for Al, thus, we could not calculate its cancer risk. It would be important that future works
came up with a slope factor for this element. The same note goes to parameters such as
ADI, RDI, UL, TDI, and TWI for Co and Li, which could not be found.
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Unfortunately, we didn’t find any data related to percutaneous absorption of
heavy metals in children, although there are some studies related to the transdermal
patches used in pediatric, such as buprenorphine, clonidine, fentanyl, methylphenidate,
nicotine, oestrogens, scopolamine and tulobuterol (77) and this one from Turpeinen et
al.(78), which studied percutaneous absorption of hydrocortisone. Moreover, studies
about quantitative estimates of the dermal absorption of aluminum, cadmium, and lead in

the general population are too few. It could be a matter of deeper study.

Additionally, it would be important to assess As, Hg and Sb in this kind of
cosmetics, since they are all recognized toxic metals. Sb, for example, is highly toxic,
presenting several long-term effects (21). Unfortunately, our technique was not suitable
to evaluate these metals. Besides, the market sampling we conducted was limited, thus
we believe that if all lipsticks in the market were considered, the calculated health risks

could be distinct.

As discussed previously, Health Canada stated that 100% of all cosmetics
products have a positive result when tested for Ni; over 90% tested positive for Pb, and,
on average, incorporate 4 out of 8 metals of concern, which are As, Be, Cd, Pb, Hg, Ni,
Se and Ti (3). Using our results, we went to see if this claims are still updated and we
could conclude that Ni was indeed present in all lipstick samples, with a minimum value
of 0,03 ppm (see Table 4); Pb was present in approximately 76% of the samples tested
(see Table 5), and so, in this aspect our findings are different from Health Canada
statements, and, about the average number of samples which incorporate the metals of
concern, we could not compare it properly, because we did not test As, Be, Hg, Se, and

Ti. This could be a matter for further investigation in future studies.

Samples without batch information, namely 18, 21 and 22 of brand 6, pose a threat
in terms of traceability, in the event of a recall, for example. If any defective sample needs
a fast recall, the lack of this information is an obstacle, not to mention that the date of
production, source of raw materials or even the machines used in the process of making

the final product may all be related in the batch number.

We took the liberty to learn what is the industry doing to minimize impurities in
cosmetics, and we could conclude that besides testing ingredients and the final product to
verify if they meet certain specifications, some manufacturers also started to choose plant-

based colorants instead of petroleum or even coal tar-based colorants to bypass raw
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material contaminants at some extent; others ask their supplier(s) to screen for impurities,
and then choose the least contaminated ingredients, if possible, and in the USA, for
instance, cosmetic producers can acquire certified ingredients that incorporate the lowest

levels of harmful contaminants (21).

Our honest opinion is that to minimize any possible risk cosmetics may pose to
human health, tighter cooperation must be done at international level, which involves
toxicology specialists, in order to assess the safety of lipsticks and other personal care

items and their wide share of ingredients on a constant basis.

To conclude, we think that this study and the data here disclosed are specifically
significant if the absence of information on heavy metals present in lipsticks sold in

Tenerife is considered.
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5. Conclusions
The lipstick samples were collected in local markets and shopping centers of
Tenerife and the concentration of 20 metals was quantified. Regarding the toxic metals,

Al, Cd and Pb, a risk assessment was also performed.

Based on the FDA, the concentrations of metals that have stipulated maximum

levels, in this type of cosmetics, did not exceed the limits.

In the case of the European Regulation No 1223/2009, most of the lipsticks did
not comply with the requirements established by its guidelines with respect to Cd and Pb,

since its presence in cosmetics is not allowed.

Concerning the Al limits, neither in the FDA nor in the European Regulation No
1223/2009 they have been established, because it is a metal widely used in the synthesis
of "lake pigments”. However, the presence of some unreacted aluminum oxide, a
substance capable of dermabrasion, may also be present in the final product, which

presumes a risk for the skin.

About the risk assessments conducted under the guidelines of both SCCS and
US EPA, it can be concluded that the values from oral exposure to the Pb in lipsticks from
China and Europe using the SCCS notes of guidance present a health risk, since an MoS

below 100 was achieved.

The non-carcinogenic health risk assessment for the exposure to Al, Cd, and Pb
in lipstick samples from China and Europe under US EPA’s guidelines presented values
of HQ and HI up to 0,090 in the case of Al. Even though at first sight there seems to be
no risk, the presence of these dangerous metals in most of the lipsticks examined requires
a precaution in their use by consumers, since these cosmetic products can constitute an
important route of chronic exposure to these substances and, therefore, constitute a

concern to health.
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