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ABSTRACT

The term "cosmetic" originates from the Greek word "kosmetikos," which means having the ability to organize
or being skilled in decoration. "Kosmein" refers to decorating, while "kosmos" signifies harmony. Cosmetics
encompass various preparations applied to the human body to beautify, preserve, or alter appearance, as well as
cleanse, color, condition, or protect the skin, hair, nails, lips, eyes, or teeth. Despite being attracted to beauty
and personal care products as consumers, the excessive use of toxic ingredients and hazardous chemicals in
cosmetics poses serious health risks. These substances can cause adverse effects on the skin and potentially
penetrate other organs, leading to carcinogenicity. This review paper delves into different cosmetic products,
their roles, and suggests replacements for harmful ingredients based on scientific literature reviews. Cosmetics
play a pivotal role in daily routines, offering a range of products aimed at cleansing, beautifying, and enhancing
appearance. However, the potential toxicity of chemicals utilized in these products presents a significant health
hazard. Heavy metals like arsenic, cadmium, lead, mercury, and nickel, commonly found in cosmetics, can
induce various health issues even at low concentrations. Furthermore, certain chemicals have the potential to
disrupt the hormone system, raising further health concerns. This paper explores the adverse effects of
commonly employed cosmetic ingredients, such as sodium lauryl sulfate, parabens, oxybenzone, and
formaldehyde. It also underscores the importance of method validation in ensuring the safety of cosmetic
products. Analytical procedures, including linearity, and the determination of limits of detection and
quantification, are indispensable for assessing the safety and efficacy of cosmetic formulations. The paper
concludes by emphasizing the necessity of striking a balance between beauty and safety in the cosmetic industry.
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INTRODUCTION

Cosmetics, defined by the FDA as products intended to cleanse, beautify, enhance attractiveness, or change
appearance, have become integral to daily routines worldwide. From shower gels and shampoos to eye shadows
and lipsticks, these products aim to enhance our aesthetic appeal. However, behind the promise of radiant skin
and vibrant colors lies a potential threat: the toxicity of the chemicals they contain. Many personal care products
are contaminated with heavy metals like arsenic, cadmium, lead, mercury, and nickel, which can pose significant
health risks even at very low doses. Additionally, some chemicals in these products can disrupt the hormone
system, leading to various health issues. While companies test cosmetics for allergic reactions and skin irritation,
public opposition to animal testing has pushed many to adopt alternative methods, such as in vitro and human
subject testing. The extensive use of chemical additives in cosmetics, which can cause toxic effects ranging
from mild hypersensitivity to severe intoxication, highlights a significant public health challenge posed by
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cosmeceuticals. This issue is further exacerbated by the high demand for skin whitening products, which often
contain harmful agents like mercury and hydroquinone. Despite bans by regulatory agencies like the Food and
Drug Monitoring Agency (BPOM) and the FDA, these substances continue to raise serious health concerns.
Hydroquinone, a potent whitening agent, has been used for decades due to its effectiveness at low
concentrations. However, its use in whitening cosmetics has been banned due to its negative health impacts,
which include skin irritation, redness, burning sensations, and black spots. Long-term use can lead to more
severe effects, such as skin cancer and kidney and liver function disorders, due to hydroquinone accumulation
in the body. Various methods, including spectroscopy, HPTLC, and GC-Mass Spectroscopy, have been
developed to analyze hydroquinone. As the cosmetic industry continues to innovate, balancing the desire for
beauty with the imperative for safety is crucial to ensure that the pursuit of attractiveness does not come at the
expense of our health.

DERMAL PRODUCTS

Dermal products, encompassing a wide range of skincare and cosmetic items, are designed to protect, nourish,
and enhance the skin. These products include moisturizers, anti-aging creams, sunscreens, and acne treatments,
all formulated to address specific skin concerns. Despite their benefits, many dermal products contain chemical
additives that can pose health risks, such as irritation, allergic reactions, and long-term toxicity. The increasing
awareness of these potential hazards has led to a demand for safer, more natural formulations. As innovation in
the skincare industry continues, the challenge remains to create effective dermal products that prioritize both
beauty and safety.

SOAP

Soaps consist of long-chain fatty acid alkali salts with a pH of 9-10. These surface-active substances lower the
surface tension on the skin, effectively removing dirt, sebum, oils from cosmetic products, microorganisms, and
exfoliated corneum cells in an emulsified form. The ideal cleanser should accomplish this without irritating,
damaging, or disrupting the skin and its moisture barrier. The term “soap” generally refers to any cleansing
agent.

Commonly Used Ingredients and Their Adverse Effects

Sodium Lauryl Sulfate and Ammonium Lauryl Sulfate: These substances decrease surface and interfacial
tension between two phases, helping to trap and remove dirt and debris from the skin. However, they can have
a degenerative effect on cell membranes due to their protein-denaturing properties. Dermatitis can be
exacerbated by hydrocortisone formulations containing sodium lauryl sulfate.

Parabens: Used as preservatives to prevent the growth of microorganisms, parabens easily penetrate the skin
and interfere with hormonal function. They are associated with neurotoxicity, cancer, and other adverse health
effects.

SUNCREEN

Sunscreens are cosmetic agents used to protect the skin from harmful rays, preventing damage and sunburn
while significantly reducing the risk of skin cancer. Also known as ‘sunblock’ lotions, they are essential for
maintaining skin health.

Commonly Used Ingredients and Their Adverse Effects

Oxybenzone: Oxybenzone is a chemical compound in sunscreen that protects the skin from both UVA and UVB
rays. However, it can cause allergic reactions and is a potential endocrine disruptor.

Octinoxate: Octinoxate shields the skin from harmful UVB rays but does not protect against UVA rays. It can
affect thyroid hormone production and cause allergic reactions upon exposure to ultraviolet rays.

Titanium Dioxide:Titanium dioxide absorbs UVB rays and some UVA rays, although it may not provide
complete UVA protection. It is used in sunscreens for its ability to reflect and scatter ultraviolet radiation.
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Adverse effects include oxidative stress, resulting in cell damage, genotoxicity, inflammation, and immune
response issues.

MOISTURISER

Moisturizers are used to hydrate the skin and are often employed in the prevention and treatment of irritant
contact dermatitis. However, applying a moisturizer shortly before exposure to sodium lauryl sulfate (SLS) can
lead to rashes and redness, especially in individuals with sensitive skin. Additionally, moisturizers can
sometimes cause acne, oiliness, and small bumps on the face and skin.

Commonly Used Ingredients and Their Adverse Effects

BHT and BHA: Antioxidants like Butylated Hydroxyanisole (BHA) and Butylated Hydroxytoluene (BHT) are
used to prevent the oxidation of products. However, these chemicals are extremely harmful. BHA is a potential
carcinogen and can affect hormone function, while BHT can cause multiple organ problems and affect blood
coagulation.

Sr.no. | Dermal Ingredients Role Replacement
products
Sodium and | surfactant Reetha,chickpeas and
ammonium  lauryl Shikekal
sulphate
1 Soap Paraben and triclosan | preservatives Extract of  basil,
clove,neem and
rosemary
Oxybenzone Filter both UVA and | Sacred lotus
Sunscreen UVB rays
2
octinoxate Filter only UVB rays | Aloe vera, Raspberry

And Glycerine

3 moisturizer | BHT and BHA Antioxidant Papaya seeds, coftee
property leaves , chest nut
Talc Adhesives property Corn starch

Fumes silica

4 powder Zinc oxide and zin | Covering agent Gum tragacanth,
stearate
EYELINER AND KOHL

Kohl is a cosmetic product applied around the eyelid margins and often contains a natural lead compound called
galena. Popular forms of eyeliner include infallible pencil eyeliner and water-based eyeliner. Branded eyeliners
typically contain over 20 ingredients, such as hydrogenated olive oil esters, candelilla wax, and aloe barbadensis
leaf juice.

Commonly Used Ingredients and Their Adverse Effects

Propylene Glycol: Propylene glycol acts as a barrier to keep the skin around the eyes hydrated due to its
humectant properties. However, it is a common irritant and can cause skin allergies.
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Pigments: Pigments in eyeliners may contain heavy metals as impurities, which can result from the
manufacturing process or the breakdown of ingredients.

Cadmium: Cadmium (Cd) is a toxic heavy metal present as an impurity in some eyeliners. It can adversely
affect the corneal epithelium of the eye.

Lead: The lead content in eyeliners ranges from 26.43 to 95.55 pg/g. Lead toxicity arises from its ability to bind
with -SH groups of enzymes and cellular proteins, altering their functions and leading to adverse health effects.

FOUNDATION

Foundation is used to even out the skin tone, covering pores, blemishes, and wrinkles, and improving skin
brightness and undertone. Foundation comes in various textures, including creams, liquids, cushions, and
powders.

Commonly Used Ingredients and Their Adverse Effects

Formaldehyde and Parabens: Preservatives and fragrances, such as formaldehyde and parabens, are added to
extend the shelf life of products and enhance their odor and appearance. While parabens have relatively low
toxicity, high stability, and nonvolatile properties, formaldehyde and paraformaldehyde are toxic preservatives
that pose significant risks of cancer and allergies.

Talc: Talc is used to absorb moisture and impart softness to the skin. However, it may contain human carcinogen
asbestos, which can cause mesothelioma and talcosis..

LIPSTICKS

Lipsticks can transform the overall facial appearance of women. They are typically formulated as molded sticks
containing coloring pigments dispersed in a fatty base made from a blend of oils, fats, waxes, and perfumes.
Lipsticks come in various forms, including balms, glosses, crayons, pencils, and liners.

Commonly Used Ingredients and Their Adverse Effects

Iron Oxides and Mica:These ingredients add color and luminescence to enhance the product's appearance. Iron
oxides are known for their persistence and ability to bioaccumulate. Mica, when ingested, can pose potential
gastrointestinal or liver toxicity hazards.

Sr no Beauty products | Ingredients Role Replacements
Propylene Humectant Propanediol
glycol

1 Eyeliner Pigments Coloring agents

BHA and BHT | Preservatives and | Papaya seeds, coffee

anti oxidants leaves , chestnut

2 Foundation Talc Absorbtion of | Fumes silica, corn starch
moisture

3 Lipsticks Iron oxides and | Coloring agents Lycopene, carotenoids

mica
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HAIR PRODUCTS
SHAMPOO

Shampoo is a cosmetic preparation intended for washing the scalp and hair, conveniently packaged for ease of
use. It typically contains surface-active agents.

Commonly Used Ingredients and Their Adverse Effects

Ammonium and Sodium Lauryl Sulfate: These surfactants are used in shampoo formulations for effective hair
cleaning. However, they have drying properties that strip oils from the hair, leading to dryness and potential
irritation to the skin and eyes.

Parabens and Formaldehyde:Parabens and formaldehyde are used as preservatives to prevent bacterial and mold
contamination in shampoo. Parabens, widely used in personal care products, are common preservatives in
shampoo formulations. Formaldehyde is a known human carcinogen and can also cause skin allergic reactions
and rashes.

HAIR DYE

Hair dye is a substance, whether natural or synthetic, used to alter the color of hair. Oxidative hair dye products
are commonly used to achieve hair coloring.

Commonly Used Ingredients and Their Adverse Effects

Paraphenylenediamine (PPD):PPD is used for its dark color shades in hair dyes, with darker colors containing
higher amounts of PPD. Severe reactions, such as blistering and swelling of the eyelids, scalp, face, and neck,
can occur.

Ammonia: Ammonia is used to raise the pH level of the hair, which helps in opening the hair cuticles for color
penetration. High levels of ammonia in the liver can lead to hepatocellular damage, as the liver may be unable
to metabolize the toxic compound.

DMDM Hydantoin:DMDM hydantoin is a preservative and antimicrobial agent, acting as a formaldehyde
donor. It can cause irritation to the eyes, nose, and throat and is considered a carcinogenic agent, potentially
leading to cancer if used for prolonged periods. However, it is generally safe at normal levels of use.

Srno | Hair products Ingredients Role Replacements
Ammonium and sodium | Surfactant Reetha and shikekai
lauryl sulphate

1 Shampoo Paraben and | Preservatives Basil extract and
formaldehyde clove and neem
Diethyl and dimethyl | Plasticizers DINCH
phthalate
paraphenylenediamine | Coloring agents Coffee and beetroot

2 Hair dye Resorcinol Bond  permanent | Coffee, henna

color

DMDM Hydantoin Antimicrobial 4-chloro resorcinol
agents

Toluene Oxidative agents Henna

Ammonia Open hair cuticle Lemon juice

Lead acetate Color additives Henna
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RESEARCH METHODS
Materials:

The materials utilized included samples of whitening cream, distilled water, 96% ethanol, stationary phase (GF
254 silica gel plate), mobile phase (toluene:glacial acetic acid), ferric chloride (FeCl3), Benedict's reagent, 1%
phloroglucinol, sodium hydroxide, and standard hydroquinone.

Equipment:

The equipment employed comprised glassware, an analytical balance, a 254 nm UV lamp, a hot air oven, a
capillary tube, a drip plate, and a UV-visible spectrophotometer.

Procedure:

e (Color reaction method using ferric chloride reagent:

e 1 gram of whitening cream sample was weighed and placed on the drip plate. Three drops of 5% ferric
chloride reagent were added to the drip plate, and the observed color change was noted. A change from
green to black indicated the presence of hydroquinone in the sample cream.

e Color reaction method using Benedict's reagent:

e | gram of whitening cream sample was weighed and dissolved in 5 ml of 96% ethanol. Four drops of
Benedict's reagent were then added. The formation of a brick-red color indicated the presence of
hydroquinone in the cream sample.

Qualitative analysis with TLC:

2 grams of hydroquinone standards and whitening cream samples were weighed and placed in a 25 ml
volumetric flask. The mixture was diluted with 96% ethanol up to the mark line, homogenized over a water bath
at 60°C for 10 minutes, and then cooled. The filtered results were subjected to TLC analysis using a TLC plate
saturated with toluene:glacial acetic acid (5:5) as the mobile phase. The separated stains were observed under
UV 254 nm light, and the Rf value was calculated.

ESTIMATION OF HYDROQUINONE SAMPLE CONCENTRATION

In a beaker, 5 ml of 96% ethanol and 100 mg of the whitening cream sample were combined. The mixture was
stirred and homogenized over a water bath for 10 minutes at 60°C before being cooled. After filtration using
Whatman filter paper, 96% ethanol was added to the mark in a 10 ml volumetric flask. Subsequently, a test tube
containing 5 ml of the mixture was filled, and 1 ml each of 1% phloroglucinol reagent and 0.5N NaOH were
added. The test tube was then heated in a water bath at 70°C for 50 minutes. After cooling, 10 ml of 96% ethanol
was added, and the absorbance was determined using a UV-Visible spectrophotometer set to the maximum
wavelength.

METHOD VALIDATION

Validation of analytical procedures is a crucial aspect of laboratory testing, ensuring that specific parameters
meet the requirements of their intended users. This process involves conducting laboratory experiments to assess
whether a method's characteristics align with the necessary criteria for analytical applications. Method
validation is essential for ensuring that the procedures utilized meet established standards.

Linearity: Linearity refers to the ability of an analytical system to produce a direct response that transforms
mathematically and proportionally with the strength of the analyte in the sample. Linearity is evaluated
statistically using the correlation coefficient (r). By plotting the concentration and absorbance of standard
solutions, linearity can be assessed. A correlation coefficient (r) close to 1 indicates a linear relationship between
the analyte's concentration and the resulting absorbance. A correlation coefficient (r) of approximately 0.999 is
considered appropriate for demonstrating linearity.

Limit of Detection (LOD) and Limit of Quantification (LOQ):
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The limit of detection (LOD) is the lowest analyte concentration in a sample that can be reliably detected, while

still producing a significant response. The limit of quantification (LOQ) is the lowest analyte concentration in
a sample that can be accurately and precisely measured. The LOD and LOQ are determined statistically using
a linear regression analysis of the standard curve. If the obtained LOD value is <1.1211 ppm, it indicates the
presence of the analyte signal (hydroquinone). Conversely, if the concentration obtained is >1.1211 ppm, the
signal observed is not indicative of hydroquinone. Similarly, for accurate measurement results, the LOQ should
not be <3.7370 ppm.

The determination of LOD price with the LOQ is carried out by entering the absorbance of the standard liquid
calculation data into the resulting linear regression equation. Determination of LOD and LOQ values can be set
in the equation.

LOD=3 X SD
b

LOQ=10 X SD
b

where, LOD = Smallest amount of analyte
LOQ =Quantity limit

SD =Foreign exchange standard and b = Coefficient of variable X.

CONCLUSION

Ensuring standard quality, the cosmetic industry plays a pivotal role in enhancing our aesthetic appeal while
also presenting potential health risks due to the chemicals utilized in its products. Across skincare, hair care,
and makeup, consumers encounter various ingredients that may pose adverse effects on their well-being.
Method validation, encompassing linearity and the determination of limits of detection and quantification,
stands as a critical measure to uphold the safety and effectiveness of cosmetic formulations. Regulatory bodies
must persist in monitoring and overseeing the use of potentially harmful ingredients to safeguard public health.
Additionally, consumers should be equipped with information and empowered to make informed decisions
regarding product usage, emphasizing safety alongside beauty. Ultimately, the pursuit of attractiveness should
not compromise our health, urging the cosmetic industry to strike a careful balance.

This study highlights the presence of a broad spectrum of harmful chemicals, including heavy metals and
organic substances, in everyday cosmetic products. Its objective was to identify these hazardous components
and propose alternatives. Prolonged exposure to lead, mercury, arsenic, and cadmium can result in severe health
repercussions, including cancer, neurological disorders, and reproductive issues. To enhance public awareness,
health alerts, educational initiatives, and prominent product labeling warnings are imperative. The insights
garnered from this research can inform the development of new regulations aimed at safeguarding both the
environment and public health. To mitigate exposure to harmful chemicals in cosmetics, consumers are advised
to opt for products made from natural ingredients, meticulously scrutinize product labels, and regularly undergo
medical checkups to monitor symptoms of heavy metal toxicity.
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