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Abstract: The study determined the levels of heavy metals in some selected cosmetic products, 

commonly marketed in Nigeria, and assessed their possible potential human health risks. The health 

risk assessment was patterned according to the model of the United States Environmental Protection 

Agency (USEPA). The heavy metals concentrations ranged from 0.043  0.027 (Pb) - 1.89 1.04 (Fe) 

with the concentration order: Fe>Cu>Zn>Mn>Cr>Cd>Pb. The total daily intake for all the metals 

were generally below maximum tolerable daily intake (MTDI). The estimated hazard index, hazard 

quotient and cancer risks were all within allowable level. The study indicated that users of the studied 

products are less susceptible to any significant health (carcinogenic or non-carcinogenic) risk. 
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1.Introduction 
Personal care products (PCPs) are substances applied to enhance physical outlook or prevent 

human body odour [1, 2]. They are promoted globally due to quest for physical beauty by people [3] as 

well as to cover flaws on human skin. In most African countries, female are the commonest user of 

personal care products (PCPs). Although in recent times, male are gradually using them to improve 

their facial appearances [4]. However, the growing concerns associated with the use of these products 

have necessitated continuous monitoring to ensure that the constituents of the products are within 

acceptable limits [5]. Prolong duration or continuous use of PCPs on human body surface, especially 

under hot humid condition, exposes users to different hazardous chemicals and thus enhances their 

percutaneous absorption. Heavy metals and radioactive elements are some of the contents, which have 

been detected in many PCPs [6-8]. They are naturally present in air, soil, rocks and water and can be 

discovered in PCPs through raw materials used in manufacturing them [9].  

Heavy metals are group name for metals and non-metals (metalloids) associated with 

contamination, potential toxicity or eco-toxicity [4]. They have been known to be present in varying 

concentrations in many PCPs including lipsticks, eye shadow, powder, cream, lip gloss, brow pencil 

etc. [10 –12]. It is suggested that cosmetics should not contain elements such as arsenic, cadmium, 

lead, mercury, beryllium, selenium [8]. However, some metals, such as cadmium and lead, can be 

released by metal components used in the technological processes of cosmetic products [6]. At low 

concentration, they can cause damage to internal body organ of human [11] and at high concentration, 

they pose serious imminent human health problems such as vomiting, cramps, convulsions, 

cardiovascular, kidney, nervous and bone diseases [13-16]. Their implications can be deadly. 

According to Health Canada [17], 100% of personal care products investigated had Nickel and over 

90% tested had both lead and beryllium and on the average contained at least four of the eight metals 

of concern, which include arsenic, cadmium, lead, mercury, beryllium, nickel, selenium and thallium.  
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Some of these heavy metals are intentionally incorporated as ingredient during manufacturing of 

PCPs [18]. For example, press powder for eye shadows main ingredients are talc with pigment and 

zinc or magnesium stearate used as binder [6], iron oxide and some aluminium compounds are used as 

colourants for eye shadows and nail polishes respectively [19). Some studies have revealed the 

association between some ingredients of personal care products and various health problems [12, 20-

22] and usually female are at greater risk. With the hazard associated with them, some of these metals 

have been banned as intentional ingredients in PCPs [23]. For instance, in Canada, arsenic, cadmium, 

mercury, lead, beryllium, selenium and thallium have been banned as ingredients in PCPs [24]. Trace 

metals are one of the most persistent pollutant in waste water. The contamination of aquatic 

ecosystems with a wide range of pollutants especially heavy metals cause direct toxic effects and has 

become a matter of general concern throughout the last decades [25]. The discharge of wastewater 

containing high amounts of heavy metals from cosmetic products into water bodies leads to several 

environmental and health impacts. Some of the negative impacts of heavy metals to aquatic 

ecosystems include death of aquatic life, alga booms, habit destruction, increased water flow, other 

short and long term toxicity from chemical contaminants. 

In spite of the attention received over the years on the effect of heavy metal hazard in personal care 

products [26], very little attention has been given to human exposure to heavy metals in cosmetic as 

well as their potential human health risk. Up till date, there are scarce data on the permissible limit for 

concentration of heavy metals in PCPs. Human health risk assessment of heavy metals gives useful 

information on threat regarding toxic metals in PCPs. This work is, therefore, aimed at determining the 

levels of heavy metals in some selected personal care products commonly marketed in Nigeria and 

assessing their health risk on human body surface. The growing interest in personal care products and 

lack of regulations in their usage has necessitated this study, as it will provide scientific data on the 

levels of toxic metals to which an average user of PCPs may be exposed. 

 

2.Materials and methods 
Sample collection and pre-treatment 

Ten (10) different samples of sealed cosmetic products commonly sold in Ado-Ekiti modern 

market in Nigeria were purchased. The criterion for selection of the brands was based on the makeup 

used by all socio-economic groups in Nigeria. Solid samples were grounded to fine powder and stored 

in a cool dry place prior to analysis. The cosmetic products collected were 5 powders (IMU=Iman 

make up, PCF= Proconcealer foundation, SKF= Sleek foundation, COC=Corrector and concealer and 

NBB= Nude beyounce beauty), 2 lip gloss (LGR= Lip gloss romantic and WLA= Wet Lip absolute) 

and 3 eyeliners (AEL=Absolute eyeliner, DHM=Dulhan mascara and ES= Eye shadow) 

 

Sample digestion and analysis 

One (1g) each of the grinded samples was weighed into a clean Teflon beaker and digested for 

about 2-3 h using aqua regia (HNO3: HCl; 1:3). After digestion and cooling, the solution was filtered 

through a Whatman filter to remove insoluble particles and brought to a final volume of 100mL with 

deionized water. These solutions were transferred to plastic bottles and were kept in a refrigerator until 

ready for analysis. Analysis of filtrates using Atomic Absorption Spectrophotometer (PG 990) 

available at the Centre for Energy Research and Development, Obafemi Awolowo University, Ile-Ife, 

Nigeria. Each sample was analysed in triplicate, and reagent blank determination was performed to 

ascertain that no impurity was introduced during extraction procedure. 

 

Human risk assessment  

Available daily Intake (ADI) of various heavy metals in the personal care products (PCPs) and 

their health risk indices were used to estimate the adverse human health effects associated with the 

extent of exposure from the cosmetic products. The average daily intake (ADI) of heavy metals in 
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PCPs were determined via dermal absorption using the formula in Equation 1 as recommended by 

Liang et al. [27].  

 

    (1) 

 

The equation links the average dose to the exposure medium concentration. ADI is measured in 

mgkg-1day-1, Cm= is the concentration of heavy metals (mgkg-1) in the PCPs;  AF is skin adherence 

factor (mgcm-2) = 0.07 [28]; CF is conversion factor (years) = 26 [28]; ED is the exposure  duration 

(year) = 26, [29]; EF is exposure frequency (day year-1) = 350 [30]; BW is the average of human body 

weight of exposed  population (kg) = 80 [29]; SA is exposed surface area of skin (cm2) = 19652 [29]; 

ABS is dermal adsorption factor = 0.1 [28]; and AT is average time (days) =  25500 [31]. 

 

Non-carcinogenic risk 

The human health risk posed by the heavy metal exposure are usually characterized by hazard 

quotient [32], which is the ratio of average daily intake to the dermal reference dose of metal. 

 

      (2) 

The risk indices for non-carcinogenic substances were obtained using the formula given by the 

Equation 2, where ADI is the available daily intake and RfD is the dermal reference dose of metal. If the 

value of HQ are less than one (HQ<1), it indicates no adverse effects on human health, on the other 

hand if HQ is greater than one (HQ>1), it indicates adverse health effects. 

 

Hazard index 

To assess the overall potential for health effect posed by more than one metal, combining HQs 

across metals can serve as a conservative assessment tool to estimate high-end risk rather than low- 

end risk to protect the public [33]. The combined hazard index indicates the interactive add/or additive 

effects upon the exposure of two or more heavy metals in the cosmetic products on the human body. 

The total risk of the metals studied was calculated using health risk index according to the formula in 

equation 3. 

                                           𝐻𝐼 =  ∑HQ =  
𝐴1

𝐷1
+  

𝐴2

𝐷2
+ ⋯ +

𝐴𝑛

𝐷𝑛
=  ∑

𝐴𝑖

𝐷𝑖

𝑛
𝑖=1                                     (3) 

 

where HI is the hazard index, HQ is the hazard quotient, A1, A2, An and Ai are the average daily 

intake (ADI) of each metal in a mixture of n metals in the cosmetic products, whereas D1, D2 and Di 

are the dermal reference dose (RfD) of each metal.  

 

Carcinogenic risks 

Carcinogenic risks estimate the probability of developing cancer upon exposure to carcinogenic 

contaminant over a lifetime [34]. It is calculated by multiplying available daily intake ADI with cancer 

slope factor (SF) as shown in equation 4. 

 

  Cancer risk = ADI x SF                                 (4)

   

Results and discussions 
Concentration of heavy metals in the cosmetic products 

The concentrations of heavy metals in the selected cosmetic products are depicted in Table 1. The 

results clearly showed variation in concentrations of the heavy metals. In general, the Cd (mg/kg) 
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ranged from 0.080 (WLA) – 0.240 (CDC); Cr 0.2 (COC) - 0.340 (NBB), Fe 0.11 (COC) – 3.38 (ES), 

Zn 0.072 (COC) - 0.932 (WLA), Pb 0.008 (COC) – 0.084 (IMU), Cu 0.040 (IMU) – 1.55 (SKF) and 

Mn 0.124 (COC) -0.300 (ES). Mean concentrations of the metals ranged from 0.043   0.027(Pb) - 

1.89 1.04(Fe) with the order of: Fe>Cu>Zn>Mn>Cr>Cd>Pb and ES>WLA>NBB>SKF>LGR> 

DHM>AEL>PCF>IMU.  

 

Table 1. Concentration (mg/kg) of some selected heavy metals in the studied samples 

 
 

The results revealed high spatial variation in the metal concentration as revealed by the coefficient 

of variation (CV), while the lip gloss and eyeliners revealed low spatial variation in most metals (Table 

2). Fe showed the highest in all the sampled products except the corrector and concealer (COC) that 

reflected Cu. The variability of the metals determined by the values of the coefficient of variation was 

the highest for Cu, Cr and Fe in powders, lip gloss and eyeliners, respectively. Lowest degree of 

variation in the samples was observed in Mn for powders and lip gloss, while eyeliners reflected Cu. 

Comparing the result from the present study with that of International Standards, the observed level of 

Cd and Pb were within the World Health Organization (WHO), European Union (EU) and United 

State (US) allowable or permissible limits in PCPs (Table 3). Cr also fell within the EU permissible 

limit (1 mg/kg) [35, 36]. Comparatively, high concentration (mg/kg) of Cd, 0.5 - 1.1, 0.279 - 0.781,  

14.4 - 37.3, ND -36.3 and 0.14 - 14.28 were reported by Nnorom et al. [37], Ayenimo et al. [11], Al-

Dayel et al. [12], Omenka and Adeyi [3] and Zafarzadeh et al. [38] as compared to the present study, 

while those reported by Khalid et al. [39], Chauhan et al. [40]; and Ekere et al. [41] for Cd were lower. 

The Pb (0.008 - 0.084 mg/kg) were similar in some cases to what Ekere et al. [41] reported, while 

Nnorom [42], Chauhan et al. [40] and Ekere et al. [41] were higher than the present study. The 

concentration (mg/kg) Zn (0.07- 0.93) was lower than 1.88 - 112,000, 72.0 - 128.8 and 0.539 - 1.104 

as reported by Omenka and Adeyi [3], Nnorom et al. [37] and Ayenimo et al. [11].  
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Table 2. Comparison of mean concentration (mg/kg), standard deviation (SD) and coefficient of 

variation (CV%) of heavy metals in the various PCPs studied 
Sample 

Code 

Cd Cr Fe Zn Pb Cu Mn 

Powders (n=5) 0.139±0.063 

(45.3) 

0.183±0.119 

(65.0) 

1.89±1.04 

(55.1) 

0.673±0.344 

(51.1) 

0.043±0.027 

(62.8) 

0.916±0.637 

(69.5) 

0.211±0.061 

(28.9) 

Lip gloss (n=2) 0.088±0.011 

(12.5) 

0.916±0.079 

(40.3) 

2.34±0.339 

(14.5) 

0.883±0.070 

(7.90) 

0.038±0.008 

(21.1) 

1.45±0.113 

(7.80) 

0.211±0.010 

(4.70) 

Eyeliners (n=3) 0.127±0.036 

(28.3) 

0.241±0.069 

(28.6) 

2.47±0.793 

(32.1) 

0.768±0.082 

(10.7) 

0.042±0.005 

(11.9) 

1.22±0.021 

(1.70) 

0.224±0.049 

(21.9) 

Mean ± SD (CV%)  

 

Table 3. Comparison of some metals (mg/kg) determined in this study with  

international allowable limits in PCPs 
 Cd Zn Pb Fe Cu Cr 

Present study  0.088 - 0.139 0.673 - 0.883 0.038 - 0.043 1.89 - 2.340  0.122 - 1.450 0.183 - 0.916 

WHO,  Health Canada   0.500,      5.000 - 10.000,   10.000 - - - 

EU,  US  0.500,      0.080 - 0.500,   10.000 - - 1.000,  

Germany 0.100 - 1.000 - - - 

 

Estimation of the calculated available daily intake 

Figure 1 showed the available daily intake of heavy metals in the cosmetic products. The degree of 

toxicity of heavy metals to humans depends on their daily intake [43]. The calculated available daily 

intake ranged from 4.910 × 10-8 (Pb, COC) - 2.071 × 10-8 (Fe, ES). The total daily intake for all the 

metals were generally below maximum tolerable daily intake (MTDI) of 0.210, 0.021 and 0.200 for 

Pb, Cd and Cr, respectively. 

 

 
Figure 1. Estimated available daily intake (ADI) of the metals in PCPs 

 

Non-carcinogenic risk assessment 

To assess the non-carcinogenic risk of the studied metals on human via dermal adsorption, the 

hazard quotient (HQ) and hazard index (HI) were used. The HQ, which is the ratio of determined dose 

of a pollutant to a reference dose level. If HQ > 1, the exposed population will likely experience a 

detrimental effect [44]. Table 4 showed the HQ and HI of heavy metals in the collected cosmetic 

products. The calculated HQ ranged from 3.730 x 10-7 to 1.390 x 10-2 and thus showed that metal HQ < 

1 in all samples. This observation therefore revealed that users of studied cosmetic products in Nigeria 

would not experience any significant non-carcinogenic health risk via dermal adsorption. The HI 

values in all the products were also less than 1, indicating no concern for overall potential health risks 

(non-carcinogenic). 
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Carcinogenic risk assessment  

Table 5 showed the carcinogenic risk values for lead, cadmium and chromium. The cancer risk 

values ranged from 4.17 x 10-11 – 8.97 x 10-7 with cadmium showing the highest contribution in all 

cases.  

 

Table 4. Hazard quotient (HQ) and hazard index (HI) of heavy metals  

in collected cosmetic products 
Sample 

Code 

Cd 

 (10-2) 

Cr  

(10-2) 

Fe 

(10-4) 

Pb 

(10-4) 

Cu 

(10-4) 

 

Mn 

(10-4) 

HI 

(10-2) 

IMU 0.76 0.91 0.30 0.90 0.02 0.80 1.07 

PCF 0.57 0.83 0.20 0.50 0.60 0.70 1.42 

SKF 0.52 0.52 0.30 0.40 0.80 0.60 1.10 

COC 1.47 0.08 0.01 0.09 0.20 0.40 1.60 

NBB 0.96 1.39     0.40 0.60 0.60 0.90 2.40 

LGR 0.59 1.02     0.30 0.50 0.70 0.70 1.60 

WLA 0.49 0.57     0.40 0.40 0.80 0.70 1.10 

AEL 0.61 0.87     0.30 0.50 0.60 0.70 1.50 

DHM 0.69 0.79     0.30 0.50 0.60 0.70 1.50 

ES 0.10 1.31     0.50 0.60 0.60 1.00 2.40 
               Rfd for Cu = 0.012 mg/kg/day, Pb = 0.000525 mg/kg/day, Cd = 0.00001mg/kg/day [29]; Cr= 0.000015 mg/kg/day [45];  

              Mn= 0.0056 mg/kg/day; Fe= 0.045 mg/kg/day [46, 47].  

 

Table 5. Carcinogenic risk of heavy metals for dermal  

exposure via the PCPs samples 
 Cd Cr Pb 

IMU 4.64E-7 6.85E-8 4.38E-10 

PCF 3.45E-7 6.25E-8 2.08E-10 

SKF 3.14E-7 3.93E-8 1.88E-10 

COC 8.97E-7 6.15E-9 4.17E-11 

NBB 5.84E-7 1.05E-7 2.51E-10 

LGR 3.59E-7 7.75E-8 2.30E-10 

WLA 3.00E-7 4.30E-8 1.67E-10 

AEL 3.75E-7 6.50E-8 2.08E-10 

DHM 4.19E-7 5.90E-8 2.08E-10 

ES 6.28E-7 9.8E-8 2.51E-10 
SF (Cu) = N/A; SF (Pb) = 0.0085; SF (Cd)= 6.1 [31];  

     Cr =0.5 (CALEPA) CALEPA= California Environmental  

Protection Agency, US 

 

The United State Environmental Protection Agency (US EPA) considers cancer risk in the range of 

1 x 10-6 – 1 x 10-4 as acceptable for regulatory purposes [28]. The result showed no concern for 

possible potential carcinogenic risk via dermal exposure to the cosmetic products.  

 

4.Conclusions 
This study affirm the presence of toxic metals with varying concentrations in the studied cosmetic 

products commonly marketed in Nigeria. However, the estimated hazard index, hazard quotient and 

cancer risks were all within allowable levels. The study showed no evident of likely potential non-

carcinogenic health risks via exposure to the cosmetic products. It also evidently established that 

carcinogenic effect cannot be experienced with exposure to the studied cosmetic products. However, 

there is need for strict regulations and standard as well as continuous monitoring in Nigeria to curb 

spuriousness of known brands of cosmetic products as well as to educate their users about the adverse 

health effects posed by heavy metal accumulation.  
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