


ASSESSMENT OF HEAVY METALS AND HYDROQUINONE CONTENTS OF SELECTED COSMETIC PRODUCTS SOLD IN AWKA, ANAMBRA STATE, NIGERIA


ABSTRACT
This study was undertaken to evaluate the presence of some heavy metals and the presence of hydroquinone in some cosmetic products, particularly for lead (Pb), mercury (Hg), cadmium (Cd), chromium (Cr) and nickel (Ni) and pH character of products, and the relationship among investigated parameters. Some five cosmetic products were selected and analysed, which were coded as C1 to C5. The concentration of the hydroquinone was estimated by HPLC method and the concentration of heavy metal was estimated by atomic absorption spectrophotometer. A calibrated digital pH meter was used for measuring the pH value of cosmetic products. All the samples of heavy metals were analysed in duplicate and the samples of pH were analysed in triplicate. The results indicated that all the cosmetic samples were found to contain lead (Pb), mercury (Hg), cadmium (Cd), chromium (Cr) and nickel (Ni). Sample C2 recorded the highest mean concentrations of Pb (1.15 mg/kg), Hg (0.09 mg/kg), Cd (0.23 mg/kg), Cr (1.47 mg/kg) and Ni (1.07 mg/kg), whereas C4 recorded the lowest concentrations of Pb (0.55 mg/kg), Hg (0.04 mg/kg), Cd (0.12 mg/kg), Cr (0.94 mg/kg) and Ni (0.65 mg/kg). In general, the greatest amount of all the heavy metals was found in the chromium while the lowest amount of heavy metal occurred in the mercury. Hydroquinone was also found in all samples and the concentration in the original cosmetic samples undergoing testing varied between 0.00409 and 0.01984, w/w. C2 was the most concentrated with hydroquinone while C4 was the least. The pH of all samples lay in the range of 5.21 ± 0.02 to 6.38 ± 0.02 which was indicative of its mild acidity. The results of Pearson's correlation analysis between pH and the analyzed heavy metals were negative and low, between −0.102 and −0.201, respectively. The correlation of pH with hydroquinone was not significant (r = 0.016), which showed that it was not significantly related to hydroquinone levels. Conversely, the correlations between the heavy metals and the hydroquinone were rather high (0.916-0.990); all of them were positive.All the correlations between the heavy metal load and hydroquinone, however, were higher (0.916-0.990), and were all positive. Hydroquinone showed the strongest correlation with Hg (r = 0.990), followed by Pb (r = 0.985), Cr (r = 0.958), Cd (r = 0.955) and Ni (r = 0.916). Risk evaluations for the health risk assessment indicated no non-carcinogenic effects (HQ and HI) for all samples. The results showed that the cosmetic products analyzed contained heavy metals and hydroquinone, and indicated the importance of maintaining regular control of regulations, product quality, and consumer awareness to guarantee product safety.
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1. INTRODUCTION
Cosmetics are materials or preparations applied to the outside of the human body for the purpose of cleansing, beautifying, making attractive or otherwise changing the appearance. They encompass ointments, skin-lightening products, lotions, and creams, among other items, and soaps. There are also widespread uses of cosmetics and specific uses of cosmetic skin-lightening products are common in many countries in Africa and Asia. They are commonly used in conjunction with preference for lighter colored skin or treatment for hyper pigmentation, melasma and other skin blemishes. The primary determinant factor in human skin colour is melanin that is synthesized by melanocytes within the skin [1]. Nowadays, skin lightening products are used across Africa, making it a public health issue. World Health Organisation reported that between 25% to 80% of African women use particulating skin whitening substances regularly with a pooled average lifetime prevalence of 27.1% on the continent [17]. Fifty-five percent (55.9%) had the highest prevalence, and 30.3% had the lowest prevalence. The prevalence rate of the use of skin-lightening products in Nigeria is one of the highest in Africa, with approximately 77% of all the Nigerian women reported to use skin-lightening products [1, 17]. The use of bleaching cream in Nigeria is a health issue that needs multi-faceted approach to regulation as stated by Director-General of the National Agency for Food and Drug Administration and Control (NAFDAC) in February 2023 [18]. Consumer motives for using skin lightening formulas consist of wanting to lighten the pigment of the skin, assuming that they may presumably gain better job opportunity and social standing, as well as the effects of colourism and fashion, and the covering of skin imperfections [1]. Active ingredients for skin-lightening products are many, including hydroquinone (1,4-dihydroxybenzene). Its action is primarily through inhibiting an enzyme called tyrosinase that plays a role in melanin production and interfering with the transfer of melanosomes and/or melanocyte activity [2]. As hydroquinone is used to treat hyperpigmentation, if not used under supervision and for longer duration, it can produce adverse effects (such as changes in pigmentation, allergy contact dermatitis, hypopigmentation, exogenous ochronosis etc.). Exogenous ochronosis is a condition that includes a blue-black or dark looking skin. A systematic review reported that higher concentration of hydroquinone (more than 4%) combined with longer duration of treatment (more than three months) was recurrent in the appearance of new onset ochronosis [3]. Due to these safety issues some countries limit cosmetic use of hydroquinone. The Cosmetic Products (Prohibition of Bleaching Agents) Regulations, 2019 prohibit cosmetic products with > 2% HQ only or 1% if it contains two or more other skin-lightening agents in Nigeria and the incorporation of mercury in cosmetic products is prohibited [18]. Heavy metals are another significant chemical safety issue related to cosmetic products, other than hydroquinone. Cosmetics can contain the metals listed below at levels that can arise due to the contamination of raw materials or ingredients in cosmetic production, including pigments, dyes, or fillers [4, 8]. However, some metal formulations may contain intentionally added metals. The presence of materials such as heavy metals does not cause rapid breakdown and can remain in the environment and build up in biological tissues and will not biodegrade rapidly like many of the organic substances. Intake of heavy metals through cosmetics can lead to neurological, renal, cardiovascular, haematological, dermatological effects, depending on the specific metal, concentration of exposure and the duration of exposure [4, 8]. Mercury has been a particular focus for products aimed at lighter skin due to its ability to disrupt melanin formation and the fact that mercury products have been used traditionally to create lighter skin. Mercury-based skin-lightening products are reported in countries around the world despite the regulations. In 2023, Zero Mercury Working Group (ZMWF) identified mercury content in many skin-lightening products sold online that exceeded the allowed concentrations with some products having very high levels [5]. Mercury is still being found in ingredients of cosmetics and has resulted in higher efforts by international organisations to minimise mercury levels in cosmetics [17]. There is also a report of the contamination of skin care products on other continents (outside Africa), albeit rare [6]. Regular monitoring of cosmetic products offered to consumers is highlighted, confirming the importance of this. Another factor that is significant in determining suitability of cosmetic products for application to the skin is the pH of the cosmetic product. The acid mantle of a healthy human body is slightly acid with a ph value of around ±4,5 – 5,5. Thereby, this acidic environment could promote the maintenance of the skin barrier and the normal skin microbiota, and restrain growth of some harmful microorganisms [7, 10]. Product formulations with very high or very low pH can be incompatible with the barrier function and could be a source of irritation on the skin, dryness and/or dermatitis. Hence, the pH level of cosmetic product Eyewashes for topical use has advantages in information regarding the compatibility and the cosmetic quality [7, 10]. Chemical quality analysis is important, especially in Nigeria due to the widespread use of cosmetic products, especially skin-lightening products. NAFDAC has issued a warning about the use of cosmetic products with above the recommended concentration of hydroquinone and unregistered cosmetic products being imported into Nigeria. There is also the risk of cosmetics being improperly prepared or changed by the manufacturer due to inadequate quality assurance and control [18]. Analytical studies have borne out the concerns. For instance, the amounts of hydroquinone in skin-lightening products sold in Ilorin (Nigerian towns) were reported to be between 1.9% and 3.3% in the products by Bamidele et al. [3] Mercury and other potentially toxic metals were found in the products; only three of the 10 products analysed were within the regulatory limit. These come as evidence of the necessity of the continuous monitoring of products in various locations. Awka, the Anambra State capital, the town has a wide market for cosmetic products, such as lotions, creams for skin lightening and other topical products. The products are consumed regularly without sufficient information on the composition of their chemical or possible health effects. To date, however, there is limited information on the concentration of heavy metals, hydroquinone and pH in cosmetic products marketed in Awka. Heavy metal contaminants are another potential concern as they might become part of cosmetic products by the use of pigment, mineral based raw materials, dyes and other ingredients. With long-term exposure, adverse health impacts from these metals can occur depending on the metal, exposure level and time [4, 8]. The use of hydroquinone is also noteworthy for potential for irritation and dermatitis of the skin, as well as decreased pigmentation and exogenous ochronosis [3, 9]. Furthermore, cosmetics that do not have the right pH could cause skin irritation, affect the normal functioning of the skin barrier [7, 10]. Such worries necessitate the joint evaluation of heavy metals, hydroquinone and pH status in evaluating the safety of cosmetics. Although plenty of evidence exist in other parts of Nigeria, limited evidence on the chemical quality of cosmetic products sold in the town of Awka, Anambra State is available and is recently. The past studies conducted in Nigeria have tended to address individual contaminants or particular aspects of cosmetic safety. Hence, consumers in Awka lack adequate information with respect to the levels of combined metals (Pb, Hg, Cd, Cr and Ni) in cosmetic products as well as their pH and content of Hydroquinone. Thus, an assessment is needed of selected cosmetic products currently marketed in Awka market regarding the content of lead (Pb), mercury (Hg), cadmium (Cd), chromium (Cr) and nickel (Ni), hydroquinone content and pH.
2. MATERIALS AND METHODS
2.1 Materials
2.1.1 Chemicals and Reagents
The chemicals and reagents used in this study include: concentrated nitric acid (HNO₃, 65% purity); concentrated hydrochloric acid (HCl, 37% purity); hydrochloric acid/nitric acid mixture (aqua regia); certified lead (Pb) analytical standard; certified mercury (Hg) analytical standard; certified cadmium (Cd) analytical standard; certified chromium (Cr) analytical standard; certified nickel (Ni) analytical standard; hydroquinone analytical standard; ethanol (C₂H₅OH, 95% purity); pH buffer solutions of pH 4.0, 7.0 and 10.0; and deionized water.
2.1.2 Glassware and Laboratory Materials
The glassware and laboratory materials used include: beakers; conical flasks; measuring cylinders; volumetric flasks; glass sample bottles; glass funnels; watch glasses; crucibles; Whatman No. 1 filter papers; micropipettes and tips; graduated and volumetric pipettes; sample digestion vessels; weighing boats; stainless-steel spatula; disposable nitrile gloves; and aluminium foil.
2.1.3 Equipment and Instruments
The equipment and instruments used are: analytical balance (Mettler Toledo ME204), laboratory oven (Memmert UN55), mechanical shaker (Stuart SSL1), vortex mixer (IKA VORTEX 3), water bath, electric hot plate, desiccator, fume cupboard, Atomic Absorption Spectrophotometer (Agilent 240FS AA), HPLC, digital pH meter (with glass electrode), refrigerator/freezer, and quartz cuvettes (1 cm path length).
2.2 Methods
2.2.1 Study Area
The study was carried out in the capital city of Anambra state (Awka) in the south-east of the country, Nigeria. Awka is a commercial and administrative center with various markets, supermarkets, pharmacies, cosmetic shops, and other retail outlets that sell cosmetic products. The city is home to a big and diverse consumer base, which means that there is significant demand for cosmetic products, such as skin-care and skin-lightening items, in the city. The locally produced, imported and individually packaged cosmetic products available in Awka make it an appropriate place to evaluate the chemical quality of cosmetic products of consumers. The study was conducted on some cosmetic products sourced from various shopping centres in Awka metropolis.
2.2.2 Sample Collection
The selected cosmetic products were obtained from identified retail outlets in Awka metropolis by clean procedures minimizing the chances of contamination. Products were purchased in their commercial containers and not opened prior to transporting to the laboratory. All of the purchased products were numbered with a sample identification code and then individually packaged in a clean polyethylene bag for transport to the laboratory. Samples were handled and stored in appropriate conditions and at room temperature, protected from contamination, until they were prepared and analyzed. Where possible, the original containers were kept during storage to minimize contamination and/or loss of sample material.
2.2.3 Preparation of Cosmetic Samples
All cosmetic samples were visually inspected and then accurately homogenized to get a representative sample for analysis. Creams, lotions and other semi-solid products were prepared by mixing with a clean spatula made of stainless steel until the mixture was uniform. Liquid products were well shaken prior to sampling and solid products were carefully ground or homogenized, if needed. The homogenized samples of cosmetics were accurately weighed 1.0 g in a clean digestion vessel for heavy-metal analysis. An aliquot of each sample was used for the extraction of hydroquinone. A second representative sample was used for the pH measurement. All of the sample preparation procedures were carried out with clean laboratory materials and separate fractions were used for each of the analytical determinations to prevent the possibility of cross-contamination.
2.2.4 Acid Digestion of Cosmetic Samples for Heavy-Metal Analysis [19]
The organic portion of the cosmetic samples was decomposed and the metals were released into solution by the acid digestion process. A clean digestion vessel was used to accurately weigh 1.0 g of each homogenized cosmetic sample. Freshly-prepared aqua regia, which is a mixture of three parts concentrated hydrochloric acid and one part concentrated nitric acid, was carefully added to each sample (3:1, v/v). The digestion vessels were given covering watch glasses and stored initially to lower the intensity of the reaction. The samples were then heated in a controlled manner in a fume cupboard on an electric hot plate. Digestion was continued until the sample matrix was significantly reduced and a clear or lightly coloured digest was produced. The digest was then filtered through Whatman No. 1 filter paper into a 100 mL volumetric flask, and then brought to the mark with deionized water. The solutions were transferred into clean and labeled sample bottles and stored properly till the instrumental analysis. A reagent blank was also prepared, in the same way as the sample digests, but with no cosmetic sample added. The blank was used to record any contamination due to reagents, glassware and digestion procedure.
2.2.5 Determination of Heavy Metals by Atomic Absorption Spectrophotometry [19]
The digested cosmetic samples were analyzed for the metals such as lead (Pb), mercury (Hg), cadmium (Cd), chromium (Cr) and nickel (Ni) by Atomic Absorption Spectrophotometer (Agilent 240FS AA). Hollow cathode lamps were used for each metal. The recommended analytical wavelengths and instrumental operating conditions, given by the manufacturer of the instrument, were used for each element. The stock solutions of Pb, Hg, Cd, Cr and Ni in concentration of 1000 mg/L were prepared from the certified solution and then serially diluted with deionized water or appropriate acidified diluent to prepare the calibration standards. For each metal, a calibration curve was constructed by graphing the absorbance of each standard solution. Absorbance values of the digested samples were then measured under the same conditions as the calibration standards were measured in the instrument.
2.2.6 Extraction and Determination of Hydroquinone by HPLC [19]
The cosmetics samples were extracted with 95% ethanol to extract Hydroquinone. An appropriate volume of 95% ethanol was placed in each clean extraction vessel to which 1.0g of each homogenized sample was accurately weighed. The mixture was vortex-mixed and mechanically shaken to improve the extraction of hydroquinone. The extract was allowed to settle and was filtered through Whatman No.1 filter paper into a clean volumetric flask. The filtrate was expanded to suitable volume with ethanol and then filtered on a suitable membrane syringe filter for HPLC analysis. Analytical grade hydroquinone was dissolved in 95% ethanol to make a hydroquinone stock standard solution. Standard solutions of known concentrations were prepared by serial dilutions. The standards were passed through filters prior to injection in the HPLC system. An HPLC system with reversed phase C18 column and UV detector was used to determine hydroquinone. The mobile phase used was a suitable methanol-water mixture and the run was conducted isocratically at a controlled flow rate. The analytical wavelength was chosen according to the UV absorption property of Hydroquinone. The retention time of the sample peak was compared with the retention time of the standard to identify hydroquinone. The external calibration method was used for quantification. A calibration curve was made up of the peak areas of hydroquinone standards plotted against the concentration of hydroquinone. The concentration was determined for each sample by using the calibration equation, taking into consideration the sample mass, extraction volume and dilution factor. Blanks of the solvent were used for quality control, as were calibration standards and replicate injections, and the results were reported as mg/kg.
2.2.7 Determination of pH of Cosmetic Products [20]
The selected cosmetic products were analysed for pH value using a digital (calibrated) pH meter equipped with glass electrode and automatic temperature compensation. Standard buffer solutions, pH 4.0, 7.0 and 10.0 were used for the calibration of the pH meter prior to use. In the case of liquid cosmetic products, the sample was well shaken before measuring the pH. Aqueous dispersion was prepared for the creams, lotions and other semi-solid products with deionized water and was mixed thoroughly to get uniform dispersion. The electrode was washed, dried and then placed in the prepared sample. The sample was left to reach equilibrium and the pH was taken when a stable reading was obtained. Between measurements the electrode was rinsed to eliminate carry-over effects between samples. The pH values of each sample were measured in duplicate and the averages of the values were recorded.
2.2.8 Quality Assurance and Quality Control
To assure the accuracy, precision and reliability of the data, quality assurance and quality control procedures were used throughout the sampling, preparation and laboratory analysis. To minimize trace-metal contamination, all glassware and laboratory materials used for heavy-metal analysis were carefully cleaned, rinsed with deionized water and soaked in 10% nitric acid. Analytical grade reagents and certified metal standards were used throughout the analysis. Cosmetic samples were also analysed with reagent blanks to assess the possibility of reagent or glassware and laboratory contamination. The calibration standards were carefully prepared and calibration curve was drawn before doing the sample analysis. During instrumental analysis, calibration verification standards were analysed to verify instrument stability periodically. Samples were analysed in duplicate and the results reported as mean. If applicable, spiked samples were analysed to evaluate recovery and matrix effects. Reagent blanks, calibration standards and replicate sample analyses were conducted for hydroquinone analysis. Prior to sample concentrations, the linearity of the hydroquinone calibration curve was determined. Standard buffer solutions were used for the calibration of the pH meter before each set of measurements.
2.2.9 Health Risk Assessment of Heavy Metals [20]
The non-carcinogenic health risks from dermal exposure of the heavy metals found in cosmetic products was evaluated by using the hazard quotient (HQ) and hazard index (HI) models. The systemic exposure dosage (SED) was initially estimated for each metal based on the following equation that was recommended for cosmetic exposure assessment:

where:
C = concentration of the metal in the cosmetic product (mg/kg) A = estimated amount of cosmetic product applied per day (mg/cm²) F = frequency of application per day (day⁻¹) D = dermal absorption factor (dimensionless) BW = weight of an adult consumer (kg) The default exposure parameters used for cosmetic products were: A = 0.5 mg/cm²/day (for body creams and lotions); F = 2 applications per day; D = 0.01 (1%) for lead, cadmium and chromium; D = 0.05 (5%) for mercury and nickel; BW = 60 kg. The dermal absorption factors were chosen to reflect conservative assumptions for penetration of metals through intact skin. The hazard quotient for each metal was calculated as:

RfD, the oral reference dose for the metal (mg/kg/day) from the United States Environmental Protection Agency Integrated Risk Information System database, is used in the calculation. The RfD values used were: Pb = 0.0035 mg/kg/day, Hg = 0.0003 mg/kg/day, Cd = 0.0005 mg/kg/day, Cr = 0.003 mg/kg/day, and Ni = 0.02 mg/kg/day [20]. For each cosmetic sample, the hazard index (HI) was obtained by adding up the individual hazard quotients:

A hazard quotient or hazard index value of less than 1 (HQ or HI < 1) would indicate a low likelihood of adverse non-carcinogenic health effects from exposure to the metal(s) (20), while a value of greater than 1 (HQ or HI > 1) would indicate a potential for adverse health effects from exposure to the metal(s).
3. RESULTS AND DISCUSSION
3.1 Results
3.1.1 Heavy Metal Concentrations in Selected Cosmetic Products
The concentrations of heavy metals in selected cosmetics products can be found in 3.1.1. Five cosmetic products were selected and the concentration of selected heavy metals namely lead (Pb), mercury (Hg), cadmium (Cd), chromium (Cr) and nickel (Ni) were determined using atomic absorption spectrophotometry (AAS). The average of two replicates was taken for each sample and results were reported in mg/kg. Two analytical readings were taken on the cosmetic samples and are presented in Table 1.
Table 1: Duplicate AAS Readings for Heavy Metal Concentrations in Selected Cosmetic Products
	Sample
	Pb (mg/kg)
	Hg (mg/kg)
	Cd (mg/kg)
	Cr (mg/kg)
	Ni (mg/kg)

	C1
	0.82, 0.79
	0.06, 0.05
	0.18, 0.17
	1.24, 1.21
	0.94, 0.91

	C2
	1.16, 1.13
	0.09, 0.08
	0.24, 0.22
	1.48, 1.45
	1.08, 1.05

	C3
	0.68, 0.70
	0.04, 0.05
	0.14, 0.13
	1.06, 1.09
	0.76, 0.78

	C4
	0.54, 0.56
	0.03, 0.04
	0.11, 0.12
	0.92, 0.95
	0.64, 0.66

	C5
	0.91, 0.88
	0.07, 0.06
	0.20, 0.19
	1.31, 1.28
	0.87, 0.89


Values represent duplicate determinations; concentrations are expressed in mg/kg.

The mean concentrations and standard deviations calculated from the duplicate determinations are presented in Table 2.
Table 2: Mean ± Standard Deviation of Heavy Metal Concentrations in Selected Cosmetic Products
	Sample
	Pb (mg/kg)
	Hg (mg/kg)
	Cd (mg/kg)
	Cr (mg/kg)
	Ni (mg/kg)

	C1
	0.81 ± 0.02
	0.06 ± 0.01
	0.18 ± 0.01
	1.23 ± 0.02
	0.93 ± 0.02

	C2
	1.15 ± 0.02
	0.09 ± 0.01
	0.23 ± 0.01
	1.47 ± 0.02
	1.07 ± 0.02

	C3
	0.69 ± 0.01
	0.05 ± 0.01
	0.14 ± 0.01
	1.08 ± 0.02
	0.77 ± 0.01

	C4
	0.55 ± 0.01
	0.04 ± 0.01
	0.12 ± 0.01
	0.94 ± 0.02
	0.65 ± 0.01

	C5
	0.90 ± 0.02
	0.07 ± 0.01
	0.20 ± 0.01
	1.30 ± 0.02
	0.88 ± 0.01


Values are expressed as mean ± standard deviation
All the five cosmetic products tested contained some level of the five heavy metals studied. Among the samples, C2 recorded the highest mean concentrations of Pb (1.15 mg/kg), Hg (0.09 mg/kg), Cd (0.23 mg/kg), Cr (1.47 mg/kg) and Ni (1.07 mg/kg). The lowest concentrations were found in C4 where the mean concentrations for Pb, Hg, Cd, Cr and Ni were 0.55 mg/kg, 0.04 mg/kg, 0.12 mg/kg, 0.94 mg/kg and 0.65 mg/kg respectively. Intermediate concentrations were observed for the other samples. Generally, chromium exhibited the highest concentration across all the metals in all samples, ranging from 0.94 to 1.47 mg/kg, followed by lead and nickel. The concentrations of mercury were the lowest (0.04 to 0.09 mg/kg). The standard deviations show a good level of agreement between the two analytical determinations with each other. The presence of the elements (Pb, Hg, Cd, Cr and Ni) in the cosmetic products is in agreement with other reports of heavy metals in cosmetics sold in Nigeria [4, 7]. These metals can be found in cosmetic products either as a result of contamination in the raw materials, pigments, mineral ingredients, or from intentional use of some metal-based ingredients. The observed concentrations in this study are within the lower ranges reported in several Nigerian cosmetic studies [12]. Likewise, heavy metals have been found in cosmetics marketed in Kano and in Nigeria in general, at different levels [7, 13]. Even though the amounts are low, the fact that potentially toxic metals are found in items to be used over and over again on the skin is significant from public health and regulatory points of view. According to the NAFDAC regulations, cosmetic products that contain ingredients which have the potential to harm the user when used normally and under normal conditions are prohibited to be sold in the market [18]. Hence, there should be continued surveillance of heavy metal levels in cosmetics, especially since multiple exposures to cosmetics could lead to chronic exposure.
3.1.2 Concentration of Hydroquinone in Cosmetic Products 
The content of hydroquinone in the samples of cosmetics were measured by high-performance liquid chromatography (HPLC). Chromatographic analysis was carried out by comparing the retention time of the peak of the sample with the peak of the hydroquinone reference standard. The chromatographic parameters for samples C1–C5 are shown in Table 3.
Table 3: HPLC Determination of Hydroquinone in Selected Cosmetic Samples
	Sample
	Peak Name
	Hydroquinone (mg/L)

	C1
	Hydroquinone
	8.73

	C2
	Hydroquinone
	19.84

	C3
	Hydroquinone
	5.57

	C4
	Hydroquinone
	4.09

	C5
	Hydroquinone
	11.98



The HPLC findings indicated that hydroquinone was found in all 5 cosmetics. The highest concentration of hydroquinone found was in sample C2 (19.84 mg/L), followed by sample C5 (11.98 mg/L) and sample C1 (8.73 mg/L); sample C3 (5.57 mg/L); and sample C4 (4.09 mg/L). The retention times of the peaks found was found to be fairly similar ranging from 03:39.0 to 03:45.0 min respectively, which shows that the chromatographic separation of the analyte was relatively consistent. The differences in peak area and peak height were consistent with the difference in the calculated hydroquinone concentration with C2 showing the greatest peak area and peak height, thus the highest calculated concentration. The results showed that there is variation in amount of Hydroquinone present in the Cosmetic samples. There may be some formulation variations, raw materials or processing differences or variations in the formulation ingredients containing hydroquinone. In particular, hydroquinone found in cosmetic products is of interest to the regulators due to its potential health concerns in cosmetics, especially those intended for skin-lightening. This was also found in Saudi Arabia [6] and Nigeria [3].
Table 4: Hydroquinone Concentration in the Original Cosmetic Samples
	Sample
	HPLC concentration (mg/L)
	Extract volume (mL)
	Hydroquinone in sample (mg)
	Hydroquinone (% w/w)

	C1
	8.73
	10
	0.0873
	0.00873

	C2
	19.84
	10
	0.1984
	0.01984

	C3
	5.57
	10
	0.0557
	0.00557

	C4
	4.09
	10
	0.0409
	0.00409

	C5
	11.98
	10
	0.1198
	0.01198


The results indicated that all the cosmetic sample were found to contain hydroquinone. The original samples had a range of concentrations from 0.00409% w/w to 0.01984% w/w. Sample C2 recorded the highest hydroquinone concentration of 0.01984%, followed by C5 (0.01198%) and C1 (0.00873%). The concentration of C3 was 0.00557% and the lowest concentration was that of C4 which showed 0.00409%. The variation observed suggests that the contents of hydroquinone varied between the cosmetic samples. The HPLC peak area (42,518.7 mAs) and peak height (2,846.3 mA) were the greatest, corresponding to the highest calculated hydroquinone concentration, in C2. In addition, the smallest peak area and peak height and the lowest concentration of hydroquinone were also observed for C4. The computed concentration of hydroquinone obtained were within the 2% maximum concentration specified by NAFDAC for use of hydroquinone alone, and below 1% concentration specified for its use in combination with other lightening ingredients [18]. Using these calculated concentrations, none of the five samples contained any concentration limits above the specified limits. Hydroquinone was detected in few cosmetic samples at relatively low levels, indicating its presence in the selected cosmetic samples.
3.1.3 pH Values of Selected Cosmetic Products
A digital calibrated pH meter was used for measuring the pH values of the selected cosmetic samples. Each sample was measured three times and the mean and standard deviation calculated. Table 5 presents the results of the experiment.
Table 5: pH Values of Selected Cosmetic Samples
	Sample
	pH 1
	pH 2
	pH 3
	Mean ± SD

	C1
	5.80
	5.83
	5.82
	5.82 ± 0.02

	C2
	6.12
	6.15
	6.14
	6.14 ± 0.02

	C3
	5.45
	5.48
	5.47
	5.47 ± 0.02

	C4
	6.36
	6.39
	6.38
	6.38 ± 0.02

	C5
	5.19
	5.23
	5.21
	5.21 ± 0.02


Values are expressed as mean ± standard deviation
The results revealed that all the cosmetic products tested had pH value in the range of 5.21-6.38. Sample C4 recorded the highest mean pH of 6.38 ± 0.02, followed by C2 with 6.14 ± 0.02. C1 recorded a mean pH of 5.82 ± 0.02, while C3 and C5 recorded mean values of 5.47 ± 0.02 and 5.21 ± 0.02, respectively. No pH was measured at 7.0 or higher; all of the samples were slightly acidic. The standard deviations show that there is good agreement between the triplicate measurements. The observed pH range also suggests that the formulations were within or near the physiological pH levels of human skin surface, which is considered to be compatible for this application. The pH values measured for samples C1–C5 show that all the cosmetic products investigated were slightly acidic. The mean values of 5.21 - 6.38 are similar to the naturally acidic nature of the skin surface. Other reviews have suggested that an acid pH of 4-6 [7] is more compatible with the skin than other formulations and a multicentre investigation found the average natural pH to be around 4.7 [10]. The pH value in the sample C5 was the lowest (5.21) and the highest (6.38) in C4. This change did not affect the pH of all five of the samples. It is important to note that there are no strongly alkaline values as these can disrupt the acid mantle of the skin and may have a negative effect on barrier function. The pH of the skin surface has been demonstrated to affect barrier function and the skin flora; the acidic environment is important for maintaining a healthy skin function [10]. Based on the acidic to near neutral pH values obtained in this study, it can be concluded that the pH range is generally suitable for topical cosmetic use. A relatively small range in the pH of the samples may suggest that the products were intended to create a slightly acidic product.
3.2 Correlation Matrix between pH and Heavy Metal Concentrations
The correlation of the different levels of heavy metal like Pb, Hg, Cd, Cr and Ni with pH in the selected cosmetics samples has been analysed by Pearson correlation analysis. Table 6 shows the correlation coefficients calculated using the average values of samples C1–C5.
Table 6: Pearson Correlation Matrix of pH and Heavy Metal Concentrations
	Parameter
	pH
	Pb
	Hg
	Cd
	Cr
	Ni

	pH
	1.000
	
	
	
	
	

	Pb
	-0.113
	1.000
	
	
	
	

	Hg
	-0.110
	0.998
	1.000
	
	
	

	Cd
	-0.192
	0.980
	0.981
	1.000
	
	

	Cr
	-0.201
	0.990
	0.987
	0.994
	1.000
	

	Ni
	-0.102
	0.960
	0.946
	0.955
	0.973
	1.000



All the heavy metals investigated were found to have weak negative correlations with pH. There were very weak to weak inverse relationships between the pH and the metals with the correlation coefficients ranging from −0.102 to −0.201. All the relationships were inverse with the highest negative correlation being between pH and Cr (r = −0.201) and the lowest correlation being between pH and Ni (r = −0.102). Good positive correlations were found between the heavy metals. Pb showed very strong positive correlations with Hg (r = 0.998), Cd (r = 0.980), Cr (r = 0.990) and Ni (r = 0.960). Hg correlated strongly with Cd (r = 0.981), Cr (r = 0.987) and Ni (r = 0.946). Very strong positive correlation was observed between Cd and Ni (r = 0.955) and between Cd and Cr (r = 0.994) whereas Cr and Ni were strongly correlated (r = 0.973). The results indicate that the levels of the heavy metals showed an increasing or decreasing trend amongst the five samples while the pH showed no such trend. Strong positive associations between the metals suggest that some of the metals were derived from similar raw materials, pigments, mineral components or similar steps in product formulation and production. The low negative correlations between pH and the heavy metals suggest that there was not a strong correlation between the variation in pH in the samples and the variation in metal concentration. Other cosmetic studies have reported similar results [13].
3.3 Correlation between pH and Hydroquinone Concentration
Pearson correlation analyses were performed to find the correlation between the pH values and the Hydroquinone concentration of selected cosmetic products. The average pH values and the concentration of hydroquinone (in % w/w) for the samples C1 – C5 were used for the analysis as shown in Table 7. 
Table 7: Pearson Correlation between pH and Hydroquinone Concentration
	Parameter
	pH
	Hydroquinone (% w/w)

	pH
	1.000
	

	Hydroquinone (% w/w)
	0.016
	1.000



There was very weak positive correlation between the pH value and the concentration of hydroquinone with r = 0.016 as seen in Pearson correlation analysis. This is a very close value to zero, and therefore does not suggest that any significant change in the hydroquinone concentration would occur with the varying pH of the five cosmetic samples studied. Although the relationship was positive, its magnitude was negligible. The lack of a meaningful correlation indicates that the differences in hydroquinone concentration between samples was not likely to be due to differences in pH. For instance, the highest hydroquinone concentration (0.01984% w/w) was present in C2 with a pH of 6.14 and the lowest concentration (0.00409% w/w) was found in C4 with a pH of 6.38. C5 had a relatively low pH of 5.21, and it did contain 0.01198% w/w hydroquinone. These variations show that hydroquinone concentration was independent of the pH values in samples used. The weak correlation found may suggest that the quantity of hydroquinone observed in the cosmetic formulations may have been more dependent on the formulation composition, raw materials, formulation process and/or the intended use of the product than upon the pH. So, in the range of pH values examined in this study, pH does not seem to be a major factor that determines the concentration of hydroquinone.
3.4 Correlation between Heavy Metal Concentrations and Hydroquinone
The relationships between hydroquinone concentration and the concentrations of heavy metals (Pb, Hg, Cd, Cr and Ni) in the selected cosmetic samples were determined by Pearson correlation analysis. These are displayed in Table 8.
Table 8: Pearson Correlation between Heavy Metal Concentrations and Hydroquinone
	Parameter
	Pb
	Hg
	Cd
	Cr
	Ni
	Hydroquinone

	Pb
	1.000
	
	
	
	
	

	Hg
	0.998
	1.000
	
	
	
	

	Cd
	0.980
	0.981
	1.000
	
	
	

	Cr
	0.990
	0.987
	0.994
	1.000
	
	

	Ni
	0.960
	0.946
	0.955
	0.973
	1.000
	

	Hydroquinone
	0.985
	0.990
	0.955
	0.958
	0.916
	1.000


The Pearson correlation analysis revealed very strong to strong positive correlation between the concentration of hydroquinone and all the metals studied. Hydroquinone showed the strongest correlation with Hg (r = 0.990), followed by Pb (r = 0.985), Cr (r = 0.958), Cd (r = 0.955) and Ni (r = 0.916). The results show that higher the concentration of hydroquinone, higher the concentration of the investigated metals. The strong positive relationship was particularly evident for Hg and Pb. The highest concentrations of Pb (1.15 mg/kg), Hg (0.09 mg/kg), Cd (0.23 mg/kg), Cr (1.47 mg/kg) and Ni (1.07 mg/kg) were also found in Sample C2, with the highest concentration of hydroquinone (0.01984% w/w). C4, on the other hand, contained the lowest hydroquinone content (0.00409% w/w), and in general, the lowest levels of the heavy metals. The high positive correlation coefficients found were attributed to this parallel pattern. The observed correlations could indicate that hydroquinone and the heavy metals are correlated by product properties, raw materials or production methods. But correlation does not prove the presence of the heavy metals was due to hydroquinone. The high correlations could be due to the fact that different constituents co-varied within the five cosmetic products. These may relate to formulation, quality of raw materials, quality of pigments, quality of mineral ingredients or manufacturing conditions. There have been other reports of similar associations between hydroquinone and heavy metals [3, 12].
3.5 Health Risk Assessment of Heavy Metals
Models that were used to assess the potential non-carcinogenic health effects of dermal exposure to the heavy metals in the selected cosmetic products were the hazard quotient (HQ) and hazard index (HI) models. The systemic exposure dosage (SED) and the corresponding HQ values for each of the five cosmetic products are shown in Table 9.
Table 9: Systemic Exposure Dosage (SED) and Hazard Quotient (HQ) of Heavy Metals in Selected Cosmetic Products
	Sample
	Parameter
	Pb
	Hg
	Cd
	Cr
	Ni

	C1
	SED
	8.10 × 10⁻⁶
	3.00 × 10⁻⁷
	9.00 × 10⁻⁷
	6.15 × 10⁻⁶
	4.65 × 10⁻⁶

	
	HQ
	2.31 × 10⁻³
	1.00 × 10⁻³
	1.80 × 10⁻³
	2.05 × 10⁻³
	2.33 × 10⁻⁴

	C2
	SED
	1.15 × 10⁻⁵
	4.50 × 10⁻⁷
	1.15 × 10⁻⁶
	7.35 × 10⁻⁶
	5.35 × 10⁻⁶

	
	HQ
	3.29 × 10⁻³
	1.50 × 10⁻³
	2.30 × 10⁻³
	2.45 × 10⁻³
	2.68 × 10⁻⁴

	C3
	SED
	6.90 × 10⁻⁶
	2.50 × 10⁻⁷
	7.00 × 10⁻⁷
	5.40 × 10⁻⁶
	3.85 × 10⁻⁶

	
	HQ
	1.97 × 10⁻³
	8.33 × 10⁻⁴
	1.40 × 10⁻³
	1.80 × 10⁻³
	1.93 × 10⁻⁴

	C4
	SED
	5.50 × 10⁻⁶
	2.00 × 10⁻⁷
	6.00 × 10⁻⁷
	4.70 × 10⁻⁶
	3.25 × 10⁻⁶

	
	HQ
	1.57 × 10⁻³
	6.67 × 10⁻⁴
	1.20 × 10⁻³
	1.57 × 10⁻³
	1.63 × 10⁻⁴

	C5
	SED
	9.00 × 10⁻⁶
	3.50 × 10⁻⁷
	1.00 × 10⁻⁶
	6.50 × 10⁻⁶
	4.40 × 10⁻⁶

	
	HQ
	2.57 × 10⁻³
	1.17 × 10⁻³
	2.00 × 10⁻³
	2.17 × 10⁻³
	2.20 × 10⁻⁴


SED = systemic exposure dosage; HQ = hazard quotient. RfD values: Pb = 3.5 × 10⁻³, Hg = 3 × 10⁻⁴, Cd = 5 × 10⁻⁴, Cr = 3 × 10⁻³, Ni = 2 × 10⁻² mg/kg/day.
The hazard index (HI), which represents the cumulative non-carcinogenic risk from all five metals in each cosmetic sample, is presented in Table 10.
Table 10: Hazard Index (HI) for Heavy Metals in Selected Cosmetic Products
	Sample
	ΣHQ (Pb)
	ΣHQ (Hg)
	ΣHQ (Cd)
	ΣHQ (Cr)
	ΣHQ (Ni)
	HI

	C1
	2.31 × 10⁻³
	1.00 × 10⁻³
	1.80 × 10⁻³
	2.05 × 10⁻³
	2.33 × 10⁻⁴
	7.39 × 10⁻³

	C2
	3.29 × 10⁻³
	1.50 × 10⁻³
	2.30 × 10⁻³
	2.45 × 10⁻³
	2.68 × 10⁻⁴
	9.81 × 10⁻³

	C3
	1.97 × 10⁻³
	8.33 × 10⁻⁴
	1.40 × 10⁻³
	1.80 × 10⁻³
	1.93 × 10⁻⁴
	6.19 × 10⁻³

	C4
	1.57 × 10⁻³
	6.67 × 10⁻⁴
	1.20 × 10⁻³
	1.57 × 10⁻³
	1.63 × 10⁻⁴
	5.17 × 10⁻³

	C5
	2.57 × 10⁻³
	1.17 × 10⁻³
	2.00 × 10⁻³
	2.17 × 10⁻³
	2.20 × 10⁻⁴
	8.13 × 10⁻³


The health risk assessment revealed that the hazard quotient (HQ) of all individual metals in all five cosmetic samples were considerably less than 1 (between 1.63 × 10⁻⁴ to 3.29 × 10⁻³). In the same way, the hazard index (HI) value of all samples was also below 1, ranging from 5.17 × 10⁻³ (C4) to 9.81 × 10⁻³ (C2). According to these values, the non-carcinogenic health risks that are expected from dermal exposure to the heavy metals in these cosmetics are low, under the assumption of conservative exposure used.
The HQ values for each of the 5 analysed heavy metals were the highest for sample C2 that had the highest concentrations of all the metals, and the HQ value of HI was the highest in this sample (9.81 × 10⁻³). The lowest values of metals concentration were obtained in sample C4, which had the lowest value of HI (5.17 × 10⁻³). The highest HQ value was for lead and chromium and the lowest was for nickel for the individual metals. This trend is a result of the relative concentrations of the metals in the samples, as well as their respective reference doses.
The results of these risk assessment studies correspond to those from similar studies conducted on cosmetic products. Usman et al. [7] reported that most cosmetic products sold in Kano metropolis, Nigeria have HQ and HI value less than 1 which means that they can be used without non-carcinogenic risk. Likewise, Suliman et al. [13] reported that heavy metals were identified in cosmetic products that were sold online, but the hazard quotients calculated generally were not higher than the recommended levels. It should be noted, however, that the risk assessment performed in the present study used exposure to individual products. Individuals that use multiple cosmetic products together, or multiple products on large body surfaces and for long periods, may be exposed to greater total amounts from all of the products. In addition, the risk assessment did not consider the potential carcinogenic effects which should be evaluated separately with lifetime cancer risk models. Thus, under the conditions of exposure assumed for the present results, the risk of non-cancer effects is considered negligible, but monitoring and regulation of heavy metals in cosmetics are still important to ensure public health protection.
4. CONCLUSION
According to the results of this research it was concluded that the selected cosmetic products were found to contain detectable amount of lead (Pb), mercury (Hg), cadmium (Cd), chromium (Cr) and nickel (Ni). All five heavy metals of interest were present in all samples; with varying levels in the samples. The highly positive correlation between the heavy metals do indicate that the presence of these elements may be linked to one another by common raw materials used, mineral ingredients, pigments or perhaps similar processes used in the manufacture of the objects. Hydroquinone was also found in all the cosmetic products but its amount was not considerable and very high in some. Concentrations of hydroquinone in the original products calculated here were between 0.00409 and 0.01984% w/w and were not within the concentration limits studied. However, finding it in the cosmetic products we analyzed means that hydroquinone was in the product. The pH of all the products were fairly acidic (5.21 to 6.38) meaning that the products were of a mild acidic and near-neutral nature. Also, the correlation analysis revealed that there was no significant correlation between pH and hydroquinone levels and/or heavy metal level. Conversely, hydroquinone had strong positive correlations with all five heavy metals. These relationships should, however, be viewed as associations, rather than that hydroquinone caused or introduced these heavy metals. Health risk assessment estimated hazard quotient and hazard index <1 for all the samples indicating minimal non-cancer adverse effect from the exposure conditions assumed in the assessment. The results show presence of certain heavy metals and hydroquinone in the analysed cosmetic products, and underline the need for continual monitoring, quality control and consumer awareness throughout the life-cycle of cosmetics to ensure their safety. Routine surveillance of cosmetic products available on market in Nigeria should be strengthened to meet the standard recommended by the regulatory bodies for certain impurities such as heavy metals and banned ingredients. Producers of cosmetics are recommended to have very tight standards for raw material, pigments, mineral ingredients and final products in the processes of quality control and administration so as to prevent contamination with heavy metals. Heavy metal and hydroquinone needs to be properly laboratory tested before cosmetic entry into the market; especially skin-lightening cosmetics.
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