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Abstract. Mercury (Hg) is a hazardous substance prohibited in cosmetics because it can cause adverse health effects with 
prolonged exposure. Unregistered skin-lightening creams carry the risk of containing hazardous substances because they do 

not undergo safety and quality control procedures before being distributed. This study aims to identify the presence of and 

determine the levels of mercury in unapproved skin-lightening creams circulating in traditional markets in Kudus City. This 

study employed a laboratory experimental method with a quantitative descriptive approach. The study sample consisted of 10 
skin-lightening creams labeled A–J, selected through purposive sampling. Qualitative analysis was performed using chemical 

reactions with 0.5 N KI, 2 N NaOH, 6 N HCl, and 10% K₂CrO₄ reagents, while quantitative analysis was conducted using 

Atomic Absorption Spectrophotometry (AAS) at a wavelength of 253.7 nm. The results of the qualitative tests showed a 

positive KI reaction in samples D, F, G, H, I, and J; a positive NaOH reaction in samples A–F; a negative HCl reaction in all 
samples; and a positive K₂CrO₄ reaction in all samples. The AAS analysis results showed that all samples contained mercury 

at levels ranging from 327.82 to 388,371.21 µg/kg. Based on these results, all of the facial whitening creams studied 

contained mercury and did not meet cosmetic safety requirements.  

Keywords: Atomic Absorption Spectrophotometry, Cosmetics Without Marketing Authorization, Mercury, Skin-Lightening 

Creams 

INTRODUCTION

Cosmetics are among the products widely used by the public to support hygiene, health, and 

appearance, including products used for facial skin care (Sende et al., 2020). The use of cosmetics to 

brighten the skin is on the rise due to people’s desire to have a brighter and clearer complexion 

(Bamidele et al., 2023). Rising demand for skin-lightening products has led to a wide variety of skin-

lightening creams being readily available on the market, including products that lack marketing 

authorization (Padi et al., 2024). Cosmetic products without marketing authorization require attention 

because their safety and quality cannot be verified through official oversight processes (Rahmawati et 

al., 2024). 

One of the hazardous substances to watch out for in skin-whitening products is mercury (Hg) 

(Bastiansz et al., 2022). Mercury may be used illegally in skin-lightening products because it can 

lighten the skin in a relatively short period of time. This lightening effect is related to mercury’s ability 

to inhibit the activity of the enzyme tyrosinase, which plays a role in the formation of melanin in the 

skin (Chen et al., 2020). Repeated use of products containing mercury can increase the risk of mercury 

exposure for users (Qudus et al., 2021). 

Exposure to mercury from the use of skin-lightening products can pose a health risk if it occurs 

continuously (Bastiansz et al., 2022). Mercury that enters the body may be linked to disorders in 

various organ systems, including the nervous system and the kidneys (Karsanto et al., 2024). Mercury 

exposure through skin-lightening products has also been linked to elevated mercury levels in the 

biomarkers of users of these products (Bastiansz et al., 2022). The presence of mercury in skin-

lightening cosmetic products is one of the issues that needs to be addressed in public health protection 

(Lewis, 2023). 

Research on mercury in cosmetics is still being conducted in various regions because the mercury 

content in skin-lightening products can vary by product and region of distribution (Bastiansz et al., 

2022). A study by Padi et al. (2024) reported the presence of mercury in unapproved facial whitening 

creams not authorized by the Indonesian Food and Drug Administration (BPOM) circulating in the 

Wonosari Market. A study by Samaniyah et al. (2025) also analyzed the mercury levels in skin-

lightening creams available in Banda Aceh using atomic absorption spectrophotometry. A study by 

Oktavia et al. (2025) reported the presence of mercury in skin-lightening creams available on the 

market in 45 cities in Manado, as determined through analysis using atomic absorption 
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spectrophotometry. 

 Based on these issues, this study was conducted to identify the presence of mercury in unlicensed 

skin-lightening creams circulating in traditional markets in Kudus City. This study also aimed to 

determine the mercury levels in positive samples using atomic absorption spectrophotometry. The 

results of this study are expected to provide scientific information regarding the presence and levels of 

mercury in unapproved skin-lightening creams and to serve as a source of information for the public in 

selecting and using safe cosmetic products. 

METHODS 

Time and Location of the Study 

This study is a laboratory-based experimental study involving both qualitative and quantitative 

analyses. Qualitative analysis was performed using a color reaction method to detect the presence of 

mercury (Hg), followed by quantitative analysis using Atomic Absorption Spectrophotometry (AAS) 

to determine the mercury concentration in the samples. The study was conducted from May to June 

2026 at the Pharmaceutical Chemistry Laboratory of the Cendekia Utama Kudus Institute of Health 

Technology and the Integrated Laboratory of Diponegoro University in Semarang. 

Research Sample  

The study population consisted of unregistered skin-lightening creams available in traditional 

markets in Kudus City. Samples were selected using purposive sampling based on the following 

criteria: the creams were sold over the counter, were relatively inexpensive, claimed to provide rapid 

skin-lightening effects, and lacked marketing authorization. A total of 10 samples of facial whitening 

creams were obtained from traditional markets in Kudus City and coded as A, B, C, D, E, F, G, H, I, 

and J. The products’ registration status was verified through the BPOM Check system based on the 

product name or notification number on the packaging. 

Tools and Materials 

The equipment used included a Shimadzu AA-7800 Series Atomic Absorption Spectrophotometer 

with Flame and Graphite Furnace, beakers, measuring cups, stirring rods, funnels, Erlenmeyer flasks, 

filter paper, volumetric flasks, test tubes, test tube racks, an analytical balance, dropper pipettes, and a 

hot plate. The materials used include nitric acid (HNO₃), distilled water, 0.5 N potassium iodide (KI), 

2 N sodium hydroxide (NaOH), 6 N hydrochloric acid (HCl), 10% potassium chromate (K₂CrO₄), a 

mercury standard solution, and samples of facial whitening cream. 

Sample Preparation 

Sample preparation was performed using the wet digestion method. A 0.5 g sample was weighed 

and placed in a ground glass stoppered Erlenmeyer flask, then 7 mL of concentrated HNO₃ was added. 

The mixture was heated on a hot plate at a temperature of approximately 60 °C for about 3 hours until 

a digestion solution was obtained. After cooling and standing, the solution was filtered using Whatman 

No. 40 filter paper. The filtrate was then diluted with distilled water to a volume of 50 mL in a 

volumetric flask (Padi et al., 2024). 

Qualitative Analysis 

1. KI Reagent 

1 mL of the sample solution was placed in a test tube, and 2 drops of 0.5 N KI were slowly added. 

The appearance of an orange color indicates a positive result for mercury (Maulina et al., 2021). 

2. NaOH Reagent 

Add two drops of 2 N NaOH to 1 mL of the sample, the formation of a yellow color indicates a 

positive result for mercury (Purnomo et al., 2024). 

3. HCl Reagent 

Add 2–3 drops of 6 N HCl slowly along the wall of the test tube to 1 mL of the sample solution. 

The formation of a white color indicates a positive result for mercury (Padi et al., 2024). 

4. K₂CrO4 Reagent 

Add 2–3 drops of K₂CrO₄ reagent to 1 mL of the sample solution. The formation of a yellow-

orange color indicates a positive result for mercury (Nuradi et al., 2024). 
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Quantitative Analysis 

Preparation of a mercury standard solution 

A 1000 ppm (µg/mL) mercury (Hg) stock solution was diluted by transferring 10 mL of the stock 

solution into a 100 mL volumetric flask, then adding distilled water up to the mark to obtain a 100 

ppm (µg/mL) standard solution. A total of 10 mL of the 100 ppm standard solution was pipetted into a 

100 mL volumetric flask and diluted with distilled water to the mark to obtain a 10 ppm solution. This 

solution is then further diluted by transferring 10 mL of the 10 ppm standard solution into a 100 mL 

volumetric flask and adding demineralized water up to the mark to obtain a 1 ppm (µg/mL) or 1000 

ppb (µg/L) mercury standard solution (Samaniyah et al., 2025). 

Creating a calibration curve 

Standard mercury solutions for preparing the calibration curve were prepared by pipetting 0, 0.1, 

0.2, and 0.3 mL of a 1000 ppb standard mercury solution into 100 mL volumetric flasks, which were 

then diluted with distilled water to the mark to obtain standard solutions with concentrations of 0, 1, 2, 

and 3 µg/L. The absorbance of each standard solution was then measured using an Atomic Absorption 

Spectrophotometer (AAS) at a wavelength of 253.7 nm (Samaniyah et al., 2025). 

Testing Using Atomic Absorption Spectrophotometer 

The prepared sample solution was analyzed using an atomic absorption spectrophotometer at a 

wavelength of 253.7 nm. Distilled water to which 1 mL/L of concentrated HNO₃ had been added was 

used as the blank solution. The blank was first introduced into the atomic absorption 

spectrophotometer, then the sample solution resulting from the digestion was analyzed, and its 

absorbance value was recorded (Rahman et al., 2019). 

Determination of Mercury Levels 

The mercury concentration is determined based on the relationship between the concentration of 

the standard solution and its absorbance, which yields the linear regression equation y = bx + a. The 

resulting regression equation is used to determine the mercury concentration in the sample solution. 

The mercury concentration is calculated using the following formula (Oktavia et al., 2025): 

Hg concentration =
𝐶×𝑉×𝐹𝑃

𝑤
 

Notes: 

C  : Sample concentration from the AAS reading (mg/L) 

V  : Final volume of the solution (mL) 
Fp : Dilution factor 

W : Sample weight (g) 

RESULTS AND DISCUSSION 

BPOM Registration Testing 

The results of the examination of 10 samples of facial whitening creams labeled A–J showed that 

none of the samples were found in the BPOM’s cosmetic notification system. This indicates that the 

samples examined do not have valid notification numbers or have not been officially registered as 

cosmetics authorized for distribution. Checking registration status is crucial because cosmetic products 

intended for distribution must undergo a notification process to ensure that administrative, safety, 

quality, and efficacy requirements have been met (BPOM, 2022). 
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Figure 1. Check BPOM Registration 

Qualitative Analysis 

A qualitative analysis was conducted as an initial step to identify the possible presence of mercury 

(Hg) in facial whitening creams. The method used was a chemical reaction test involving four 

reagents: 0.5 N potassium iodide (KI), 2 N sodium hydroxide (NaOH), 6 N hydrochloric acid (HCl), 

and 10% potassium chromate (K₂CrO₄). Chemical reaction tests can be used as an initial screening 

method because the presence of the analyte can be indicated by a color change or the formation of a 

precipitate after the addition of certain reagents (Mustarin et al., 2025). The use of several reagents in 

this study was intended to increase confidence in the identification results, as each reagent has a 

different reaction mechanism with respect to mercury ions (Danimayostu et al., 2026). 

Table 1. Results of the qualitative analysis 

Sample KI 0,5 N NaOH 2 N HCl 6 N K2CrO4 10% 

A Clear yellow Yellow Clear yellow Orange 

B Clear yellow Yellow Clear white Orange 

C Clear yellow Yellow Clear yellow Orange 

D Orange Yellow Clear yellow Orange 

E Clear yellow Yellow Clear white Orange 

F Orange Yellow Clear yellow Orange 

G Orange Clear yellow Clear yellow Orange 

H Orange Clear yellow Clear yellow Orange 

I Orange Clear yellow Clear yellow Orange 

J Orange Clear yellow Clear yellow Orange 

 

The test results showed that the 0.5 N KI reagent produced a positive result in samples D, F, G, H, 

I, and J, as indicated by the formation of an orange color, while samples A, B, C, and E exhibited a 

clear yellow color and were therefore deemed negative. The color change to orange in the KI test 

occurs because iodide ions (I⁻) react with Hg²⁺ ions to form mercury(II) iodide (HgI₂), which has an 

orange to reddish-orange color (Padi et al., 2024). The reaction that occurs is as follows (Svehla, 

1979): 
Hg²⁺ + 2I⁻ → HgI₂ 

Testing using 2 N NaOH as a reagent showed that samples A, B, C, D, E, and F produced a 

positive result a yellow color while samples G, H, I, and J produced a clear yellow color and 

were deemed negative. NaOH is a strong base that produces hydroxide ions (OH⁻) and can 

react with Hg²⁺ ions to form mercury(II) hydroxide, which subsequently transforms into 

yellow mercury(II) oxide (HgO) (Purnomo et al., 2024). The reaction that occurs is as follows 

(Svehla, 1979): 
Hg²⁺ + 2OH⁻ → Hg(OH)₂ → HgO + H₂O 
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Testing with 6 N HCl yielded negative results for all samples. The absence of a white 

precipitate indicates that no visually observable mercury chloride compound was formed. HCl 

can be used to identify mercury(I) ions through the formation of the sparingly soluble 

mercury(I) chloride (Hg₂Cl₂), via the following reaction (Svehla, 1979): 

Hg₂²⁺ + 2Cl⁻ → Hg₂Cl₂ 

Negative results for all samples may indicate that the mercury present in the samples is not in the 

form of mercury(I) ions which produce the precipitate or that its concentration is insufficient to 

produce a visual response (Dwijayanti & Susanti, 2018). 

Testing all samples with a 10% K₂CrO₄ reagent yielded positive results, as indicated by the 

appearance of a yellow-orange color. Potassium chromate (K₂CrO₄) is an inorganic reagent containing 

yellow chromate ions (CrO₄²⁻) that reacts with various metal ions, including heavy metals, to form 

precipitates or chromate complexes with characteristic colors ranging from yellow to orange (Diuli et 

al., 2025).  The reaction that occurs is as follows (Svehla, 1979): 

Hg²⁺ + CrO₄²⁻ → HgCrO₄ 

 

Quantitative Analysis 

Quantitative analysis was performed using an Atomic Absorption Spectrophotometer (AAS) 

because this method is based on measuring the absorption of radiation by free atoms at specific 

wavelengths. Atomic Absorption Spectrophotometers (AAS) are widely used in metal analysis 

because they offer good sensitivity and selectivity for determining the concentration of metallic 

elements in various matrices (Esati et al., 2023). 

Table 2. Standard Absorbance Values for Mercury 

Sample Concentration (ppb) Absorbance 

Standard 1 0 -0,0036 

Standard 2 1 0,0173 

Standard 3 2 0,0523 

Standard 4 3 0,0760 

Before measuring the samples, a calibration curve was prepared using standard mercury solutions 

with concentrations of 1, 2, and 3 µg/L, as well as a blank at a concentration of 0 µg/L. The calibration 

curve was used to determine the relationship between mercury concentration and the instrument’s 

response (absorbance), so that the mercury concentration in the samples could be determined based on 

a linear regression equation (Qudus et al., 2021). The measurement results show that as the 

concentration of the standard solution increases, the absorbance value also increases, indicating a 

positive relationship between concentration and absorbance (Bamidele et al., 2023). 

 
Figure 2. Calibration Curve 

Based on the measurement results, the linear regression equation obtained was y = 0.027380x − 

0.005570, with a correlation coefficient of r = 0.9955 and a coefficient of determination of R² = 

0.9910. A correlation coefficient close to 1 indicates that there is a very strong linear relationship 

y = 0,027380x - 0,0055700
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between the standard mercury concentration and the absorbance measured by the instrument (Allison 

et al., 2022). 

An r value of 0.9955 indicates a very strong linear relationship between mercury concentration and 

absorbance. This value is relatively comparable to that reported in the study by Qudus et al. (2021), 

which found an r value of 0.993 in the analysis of mercury in skin-lightening creams. An R² value of 

0.9910 indicates that approximately 99.10% of the variation in absorbance can be explained by 

changes in mercury concentration in the linear regression model (Bamidele et al., 2023). It is 

important to note the difference in meaning between r and R², because r describes the direction and 

strength of a linear relationship, while R² indicates the proportion of variation in the response that can 

be explained by the model (Stalikas & Sakkas, 2024). 

Table 3. Results of atomic absorption spectrophotometry tests 

Sample Hg concentration 

A 327,82 µg/kg 

B 282.359,68 µg/kg 

C 414,25 µg/kg 

D 448,46 µg/kg 

E 388.371,21 µg/kg 

F 14.927,65 µg/kg 

G 8.281,98 µg/kg 

H 216.508,44 µg/kg 

I 6.223,83 µg/kg 

J 345.618,68 µg/kg 

 

The results of atomic absorption spectrophotometry analysis showed that all samples contained 

mercury at varying concentrations. Sample E had the highest concentration, at 388,371.21 µg/kg, 

while sample A had the lowest, at 327.82 µg/kg. Overall, the mercury concentrations ranged from 

327.82 to 388,371.21 µg/kg. 

Based on BPOM Regulation No. 17 of 2022 concerning Technical Requirements for Cosmetic 

Ingredients, which stipulates that mercury and its compounds are among the ingredients prohibited for 

use in cosmetics, the presence of mercury in all samples of skin-lightening creams analyzed in this 

study indicates that these products do not meet the cosmetic safety requirements in effect in Indonesia, 

regardless of whether the detected mercury levels are high or low (BPOM RI, 2022). Cosmetics 

containing more than 1 mg/kg of mercury are considered unacceptable from a safety standpoint and 

may increase the risk of toxic effects if used continuously (BPOM, 2024).  

The mercury contained in skin-lightening creams is generally used in the form of inorganic 

mercury compounds, such as mercury chloride (HgCl₂) and ammonium mercury, which can produce a 

skin-lightening effect. This skin-lightening effect is related to mercury’s ability to inhibit the activity 

of the enzyme tyrosinase, which plays a role in melanin production, as a result, melanin production 

decreases and the skin appears lighter in a relatively short period of time (Triasih, 2025). Repeated use 

of products containing mercury can increase the amount of mercury absorbed into the body, especially 

when used over the long term or on skin that is irritated or damaged. Mercury that penetrates the skin 

can then enter the capillaries in the dermis and be distributed through the bloodstream to various 

tissues and organs throughout the body (Haryanti et al., 2020). 

Mercury is a toxic heavy metal that can bioaccumulate in the body if exposure is continuous 

(Karim & Amalia, 2025). Repeated exposure through the use of skin-lightening creams can cause 

mercury to be absorbed through the skin, enter the systemic circulation, and then be distributed and 

accumulate in certain organs, particularly the kidneys, liver, and nervous system (Ainia, 2025). 

Long-term exposure to mercury can cause both localized and systemic health effects (Hasma & 

Panaungi, 2023). Local effects primarily occur on the skin and may include irritation, a burning 

sensation, redness, thinning of the skin, peeling, hyperpigmentation, and increased skin sensitivity to 

sunlight (Dampang et al., 2023). Systemic effects can occur when absorbed mercury enters the 

bloodstream and accumulates in the body’s organs, particularly the kidneys and the nervous system 

(Hasma & Panaungi, 2023). Kidney disorders may be characterized by proteinuria and decreased 

kidney function, which, in severe cases, can progress to kidney failure, meanwhile, nervous system 
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disorders may include tremors, impaired coordination, memory loss, difficulty concentrating, 

emotional disturbances, and tingling in the extremities (Ainia, 2025). 

CONCLUSION 

The results of the study showed that all samples of unlicensed facial whitening creams circulating 

in traditional markets in Kudus City namely, samples A, B, C, D, E, F, G, H, I, and J tested positive 

for mercury (Hg). Quantitative test results using the Atomic Absorption Spectrophotometry method 

showed that mercury levels in all samples varied, ranging from 327.82 µg/kg to 388,371.21 µg/kg. 

Based on these results, all samples of facial whitening creams  do not meet cosmetic safety 

requirements because they were found to contain mercury (Hg). Referring to Food and Drug 

Supervisory Agency Regulation No. 16 of 2024 on Contaminant Limits in Cosmetics, the limit for 

mercury (Hg) contamination in cosmetics is set at  no more than 1 mg/kg, so the presence of mercury 

in the samples warrants attention since all samples were found to contain mercury.  
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