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ARTICLE INFO ABSTRACT

Keywords: The study investigates the concentration of heavy metals in various lipsticks sold in Ghana and
Heavy ‘.“etals assesses the potential health risks associated with their use. A total of 12 lipstick samples were
CIOSIl‘%e]t(lCS analyzed using an X-ray fluorescence (XRF) analyzer for metals, including chromium (Cr),
;g:iZicty manganese (Mn), nickel (Ni), copper (Cu), cadmium (Cd), and lead (Pb). The findings revealed

that Cr levels ranged from below detection limits to 2554.20 mg/kg, with five samples signifi-
cantly exceeding the acceptable 1 mg/kg limit set by Health Canada. Mn concentrations varied
from 0.09 mg/kg to 823.00 mg/kg, and Ni levels were detected up to 228.40 mg/kg, indicating
potential risks of neurotoxicity and contact dermatitis. Cu was found in extremely high concen-
trations, particularly in samples S1 (14053.33 mg/kg) and S7 (1939.84 mg/kg), exceeding the
acceptable 100 mg/kg limit, suggesting severe contamination and potential systemic toxicity. Cd
concentrations in most samples surpassed the FDA limit of 3 mg/kg, posing risks of kidney
damage. In comparison, Pb concentrations in several samples approached or exceeded the FDA
limit of 10 mg/kg, indicating potential neurotoxic effects. Health risk assessments for dermal and
oral exposure were conducted, with hazard quotients for non-carcinogenic risks remaining below
1, suggesting minimal immediate health risks. However, the relative intake indices (RII) for Cr,
Cd, and Pb in oral risk assessments indicated significant exposure levels far exceeding acceptable
daily intakes (ADI) for heavy users. These findings highlight the need for stricter regulation and
consumer awareness of the potential dangers posed by heavy metals in cosmetics. Enhanced
safety standards and regular monitoring are imperative to protect public health from the adverse
effects of toxic metals in beauty products.

Risk assessment

1. Introduction

The use of cosmetics, particularly lipsticks, has increased globally, raising concerns about the safety of these products due to
potential contamination by heavy metals [1]. Heavy metals, such as lead, chromium, and cadmium, are common contaminants in
cosmetic products and can accumulate in the human body through skin contact and ingestion. Prolonged exposure to these metals can
cause severe health effects, including neurotoxicity, carcinogenicity, and organ damage [2]. For example, lead exposure has been
linked to cognitive impairments, especially in children and pregnant women [3], while cadmium can lead to kidney damage [4].
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Lipsticks are one of the most commonly used cosmetics worldwide, which raises concerns regarding possible heavy metal exposure
through skin contact and unintentional ingestion [5,6].

The two main ways that heavy metals in cosmetics can enter the body and perhaps have a negative impact on health are through
skin contact and oral consumption [7]. While prolonged exposure to Cr may raise the risk of cancer, long-term Pb exposure can cause
endocrine disruption and renal disorders [4,8,9]. Cadmium can build up in organs, resulting in nausea, cramping in the abdomen, and
diarrhoea [6]. Recent studies have highlighted the molecular mechanisms of cadmium-induced cytotoxicity, emphasizing its harmful
effects on human cells [10].

The growing use of cosmetics and the yearning for beauty have raised concerns about these items’ safety. Research has indicated
that people may inadvertently consume a significant quantity of lipstick throughout their lifetime, potentially aggravating the negative
consequences of chemical pollutants such as heavy metals [1,11-15]. Lead (Pb), chromium (Cr), and cadmium (Cd) are among the
heavy metals of concern in cosmetics, each posing specific health risks upon exposure [16-19].

It is critical to evaluate the levels of heavy metal contamination in frequently used items due to the possible health hazards
connected with cosmetics exposure. Manufacturers often incorporate heavy metals like lead and mercury into cosmetics to enhance
their performance [20-24], such as providing whitening effects or inhibiting pigment formation. The risk of exposure is further
increased by heavy metals in raw materials used in cosmetics, which result from natural processes and environmental pollution.

Research has indicated that extended exposure to low concentrations of heavy metals might result in detrimental health conse-
quences, such as long-term poisoning and possible carcinogenicity, hence presenting a substantial risk to human health [3,25-27]. Lip
cosmetics, in particular, are a popular choice among modern women for enhancing their appearance and moisturizing their lips. Due to
direct contact with the lips and potential ingestion, lip products present a higher health risk than other cosmetics.

Despite the known risks, there is a lack of comprehensive regulation governing the levels of heavy metals in cosmetics sold in many
countries, including Ghana. Studies from Iran, Nigeria, and Pakistan have also raised concerns over the safety of cosmetics due to high
levels of heavy metals [15,24]. This study aims to fill the research gap by assessing the concentration of heavy metals in lipsticks from
the Ghanaian market and evaluating the associated health risks.

2. Materials and methods
2.1. Sampling and sample preparation

A total of 12 lipstick samples were purchased from local markets in Ghana, with brands from both locally produced and imported
products included. The lipsticks were broken into small pieces and pulverized using a clean, sterile mortar and pestle to ensure sample
homogeneity. Samples were then sealed in labeled Ziploc bags prior to analysis.

Each lipstick sample was carefully weighed (1.5 g) and transferred to sample holders covered with Mylar film for XRF analysis. This
method was chosen for its efficiency in detecting trace elements [7].

2.2. Metal analysis

Heavy metal concentrations in the samples were determined using a Niton XRF analyzer (Thermo Scientific Mobile Test S, NDTr-
XL3t-86956, com 24). The XRF analyzer settings included a 180-s scan with calibration against standard discs for accurate mea-
surement. All analyses were conducted in triplicate to ensure consistency. The specific trace elements analyzed were lead (Pb), arsenic
(As), mercury (Hg), zinc (Zn), iron (Fe), manganese (Mn), chromium (Cr), titanium (Ti), copper (Cu), nickel (Ni), cobalt (Co), antimony
(Sb), cadmium (Cd), silver (Ag), tin (Sn), and gold (Au). The limit of detection (LOD) for each metal was set based on prior studies using
similar methods, with Cr at 1 mg/kg and Cd at 0.5 mg/kg [7,28]. The reported results represent the average concentration values
obtained from these three analyses.

2.3. Dermal risk assessment of lipsticks
Heavy metals found in lipsticks can enter the body through skin contact. To assess the risk, we calculate lipstick’s chronic daily

intake (CDI) based on the following criteria (Eq. (1))

CS x SA x AF x ABS x EF x ED x CF
CDIdermal = BW < AT EQ 1

CS: Metal concentration in lipsticks (milligrams per kilogram, mg/kg)

SA: Exposed skin area (5700 square centimetres, cmz) [6,29].

AF: Adherence factor (0.07 mg per square centimetre, mg/cm?)

ABS: Dermal absorption fraction (0.001) [26].

EF: Frequency of exposure (350 days per year, days/year)

ED: Duration of exposure (30 years)

BW: Body weight (70 kg, kg)

AT: Average time for non-carcinogens (calculated by dividing ED by 365 days)

CF: Conversion factor (107 kg per milligram, kg/mg) [6].

A Hazard Quotient (HQ) is used to evaluate the potential non-cancer health risks from exposure to heavy metals through various
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pathways (e.g., ingestion, inhalation, skin contact). It is calculated by dividing the Chronic Daily Intake (CDI) by the Reference Dermal
Dose (RFD). The RFD represents the safe level of daily exposure to a specific metal over a lifetime that is unlikely to cause adverse
health effects.

HQ greater than 1 (HQ > 1): This indicates a potential health risk for the exposed person. However, it doesn’t necessarily guarantee
harm; further evaluation may be needed.

HQ less than 1 (HQ < 1): This suggests minimal to no risk of adverse health effects from current exposure levels.

Equation (2) is used to obtain the carcinogenic risk value:

Carcinogenic risk (CR) = CDI x SFEQ 2

SF is the slope factor (mg kg™* d™1).

Carcinogenic risk (CR) values between 107% and 10* are acceptable, while CR less than 107° is considered insignificant. On the
other hand, CR more than 10~* suggests a significant cancer risk.

Oral risk assessment of lipsticks.

Consumers use 25.7-149.02 mg of lipstick daily [27]. Heavy users consumed an estimated 149.02 mg/adult/day, whereas average
users consumed 25.7 mg/adult/day, assuming all applied lip products were swallowed. Estimated acceptable daily intakes (ADIs) were
considered to evaluate potential harmful health effects [27].

By dividing the metal concentration released from the expected amount of product consumed by the mean body weight, the
estimated daily intake (EDI) was determined, as shown in Equation (3).

(MC(ugg™) x Wp(mgday™))
BW

EDI(ugkg ™ b.wday™') = EQ3

MC: Metal concentration (in pg/g)

Wp: Weight of product intake (in mg/day)

BW: Body weight (in kg)

The derived ADIs and metal intakes from lip cosmetics were compared. For metals from lip products, relative intake indices (RIIs)
were computed, showing the ADI proportion in percentage (Eq. (4)) [6].

EDI

% =
RIl% ADI

x 100 Eq.4

2.4. Statistical analysis

The data analysis software Microsoft Excel 2019 was utilized to calculate and report the mean and standard deviation for each
element detected in the samples. Additionally, the software was employed to determine the minimum and maximum concentration
values for each element across all analyzed samples.

3. Results and discussion

The heavy metal concentrations in the lipstick samples are presented in Table 1. The results show several findings of concern,
particularly when compared to the acceptable limits set by regulatory bodies such as the FDA and Health Canada [14,26,30].

Chromium concentrations ranged from BDL to 2554.20 mg/kg. The concentrations in samples S4 (583.00 mg/kg), S6 (2554.20 mg/
kg), S7 (613.60 mg/kg), S8 (1184.67 mg/kg), and S11 (1380.00 mg/kg) significantly exceeded the acceptable limit of 1 mg/kg
established by Health Canada. Such high levels of chromium can lead to skin irritation, allergic reactions, and long-term exposure risks,
including carcinogenic effects.

While the acceptable limits for manganese in cosmetics are not well-defined, its presence in high concentrations in samples S5

Table 1

Heavy metal concentrations (mg/kg) in lipstick.
Sample Cr Mn Ni Cu Zn As Cd Hg Pb Fe
S1 34.33 56.00 18.00 14053.33 BDL BDL 26.00 BDL 6.33 4894.00
S2 BDL BDL 5.67 BDL BDL BDL 23.33 BDL BDL 4095.67
S3 BDL BDL BDL BDL BDL BDL 27.67 BDL BDL 236.67
S4 583.00 85.67 55.33 BDL 12.67 BDL 25.00 BDL BDL 5248.00
S5 BDL 368.67 BDL BDL 13.67 BDL 17.33 BDL 8.00 3965.00
S6 2554.20 143.00 228.40 7.00 31.80 BDL 18.00 BDL BDL 5491.60
S7 613.60 109.80 58.15 1939.84 17.14 BDL 22.18 BDL 1.98 5436.73
S8 1184.67 823.00 112.67 24.67 619.33 BDL BDL BDL 14.00 14152.00
S9 182.00 BDL 14.00 BDL BDL BDL 32.00 BDL BDL 1053.67
Ss10 BDL BDL BDL BDL 4.67 BDL 22.33 BDL BDL 22018.67
S11 1380.00 320.00 155.00 BDL 52.00 BDL BDL BDL 11.33 111247.67
S12 BDL BDL BDL BDL BDL BDL 25.67 BDL 0.67 272.33

BDL - Below detection limit; Mean concentrations of the heavy metals are presented in Table 1.
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(368.67 mg/kg) and S8 (823.00 mg/kg) is concerning. Manganese is essential in small amounts, but excessive exposure can result in
neurotoxicity, adversely affecting the nervous system.

Nickel concentrations in samples S1 (18.00 mg/kg), S4 (55.33 mg/kg), S6 (228.40 mg/kg), S7 (58.15 mg/kg), S8 (112.67 mg/kg),
and S11 (155.00 mg/kg) exceed the FDA’s acceptable limit of 10 mg/kg [31]. Nickel is a known allergen and can cause contact
dermatitis and other hypersensitivity reactions, posing significant risks to users with prolonged exposure [32,33].

Copper levels in samples S1 (14053.33 mg/kg) and S7 (1939.84 mg/kg) were far above the acceptable limit of 100 mg/kg set by
Health Canada [30]. Excessive copper exposure can lead to systemic toxicity, including liver and kidney damage, highlighting a severe
contamination issue in these samples.

Although the acceptable limits for zinc in cosmetics are not well-defined, the high concentration in sample S8 (619.33 mg/kg) is
notable. Zinc is generally considered safe, but excessive levels could indicate contamination and potential health risks with long-term
use.

Cadmium levels in most samples exceeded the FDA’s acceptable limit of 3 mg/kg. Notably, samples S1 (26.00 mg/kg), S2 (23.33
mg/kg), S3 (27.67 mg/kg), S4 (25.00 mg/kg), S6 (18.00 mg/kg), S7 (22.18 mg/kg), S9 (32.00 mg/kg), S10 (22.33 mg/kg), and S12
(25.67 mg/kg) all show significant cadmium contamination. Cadmium is highly toxic and can cause kidney damage, bone demin-
eralization, and other severe health issues with chronic exposure [9,34].

Lead concentrations in sample S8 (14.00 mg/kg) exceed the FDA’s acceptable limit of 10 mg/kg. Samples S1 (6.33 mg/kg), S5
(8.00 mg/kg), and S11 (11.33 mg/kg) approach this limit, indicating potential risk. Lead is a potent neurotoxin affecting cognitive
development and function, especially in children and pregnant women.

No specific limits are set for Fe in cosmetics, but it should be monitored for overall quality and safety. Samples S1, S4, S6, S7, S8,
S10, and S11 had significantly high Fe concentrations, with S11 reaching 111247.67 mg/kg. While Fe is not highly toxic, high levels
could indicate contamination and affect product quality.

No arsenic or mercury was detected in any of the samples, which is a positive outcome, as these metals are highly toxic and can
cause severe health problems even at low levels of exposure.

The Pearson’s correlation analysis of heavy metals in the lipstick samples is presented in Table 2.

Cr and Ni showed an extremely high positive correlation (0.99), indicating that these metals likely co-occur. This suggests a
common source or similar pathways of contamination. A moderate positive correlation (0.40) between Cr and Mn indicated that these
metals may share some common sources but to a lesser extent than Cr and Ni.

Mn had a very high positive correlation with Zn (0.89), suggesting a strong likelihood that these two metals are introduced into the
products from similar sources. A high positive correlation (0.88) between Mn and Pb also indicates that these metals tend to be found
together, pointing to a possible common source of contamination. Mn and Cd showed a strong negative correlation (—0.85), suggesting
that one of these metals might suppress the presence of the other.

A strong positive correlation (0.69) between Zn and Pb indicated a tendency to co-occur and potentially share common contam-
ination sources. Zn and Cd showed a moderate negative correlation (—0.68), suggesting an inverse relationship in their presence in the
samples. The strong negative correlations of Cd with Cr, Mn, Ni, Zn, and Pb suggest that Cd contamination may occur through different
sources or mechanisms than these metals.

Cd and Pb had a strong negative correlation (—0.85), indicating that these metals are rarely found together in high concentrations.

Fe showed moderate correlations with several metals, including a positive correlation with Ni (0.44) and Pb (0.52), but generally
weaker relationships with the other metals.

The analysis of variance (ANOVA) of the heavy metal concentrations in lipsticks is presented in Table 3.

The ANOVA (Analysis of Variance) results determined if there were statistically significant differences in the concentrations of
various heavy metals across the lipstick samples.

Cr showed a relatively high mean concentration with a large variance, indicating significant sample variability. Mn had a lower
average concentration than Cr but still showed considerable variability. Ni had a moderate average concentration and lower variability
than Cr and Mn. Cu had a high average concentration with very high variability, indicating inconsistent sample distribution. Zn had a
moderate average concentration with lower variability. Cd showed a lower average concentration with minimal variability. Pb had a
very low average concentration with minimal variability. Fe had the highest average concentration, with extremely high variability,
indicating substantial differences among samples. Hg and As were not detected in any samples.

The F-value (2.639) is greater than the critical F-value (1.966), and the P-value (0.008) is less than the significance level (typically
0.05). This indicates statistically significant differences in the concentrations of heavy metals among the lipstick samples.

Table 2
Pearson’s correlation analysis of heavy metals in lipstick.
Cr Mn Ni Cu Zn Cd Pb Fe
Cr 1.00
Mn 0.40 1.00
Ni 0.99 0.42 1.00
Cu -0.20 -0.14 -0.15 1.00
Zn 0.32 0.89 0.32 —0.12 1.00
Cd —0.56 —0.85 —0.61 0.20 —0.68 1.00
Pb 0.24 0.88 0.31 0.16 0.69 —0.85 1.00
Fe 0.35 0.27 0.44 -0.11 0.06 —0.69 0.52 1.00
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Table 3
One-way analysis of variance (ANOVA).
SUMMARY
Groups Count Sum Average Variance
Cr 12 6531.80 544.32 638827.50
Mn 12 1906.14 158.84 59622.25
Ni 12 647.22 53.93 5543.02
Cu 12 16024.84 1335.40 16350926.23
Zn 12 751.28 62.61 30992.48
As 12 0.00 0.00 0.00
Ccd 12 239.52 19.96 102.57
Hg 12 0.00 0.00 0.00
Pb 12 42.31 3.53 25.79
Fe 12 178112.00 14842.67 960221064.99
ANOVA
Source of Variation SS df MS F P-yalue F crit
Between Groups 2321333721 9 257925969 2.639 0.008 1.966
Within Groups 10750378153 110 97730710.48
Total 13071711875 119

The significant F-value suggests that the variation between groups (different metals) is greater than within groups (samples of the
same metal). This implies that the types of metals contribute more to the observed variability in concentrations than the individual
samples.

The significant differences highlight the need for careful monitoring and regulation of heavy metal content in cosmetic products.
Certain metals, such as Cu and Fe, exhibit high average concentrations and variances, indicating potential contamination or incon-
sistent quality control during manufacturing.

4. Risk assessment

The non-cancer and cancer risk assessments of exposure to heavy metals are presented in Table 4 (dermal) and 5 (oral).

The dermal risk assessment indicates that most heavy metals in the lipstick samples do not pose significant non-cancer or cancer
risks under typical usage scenarios. The Hazard Quotient for all metals is below 1, suggesting negligible non-cancer health risks. The
calculated cancer risks for Cr, Ni, and Cd are low and fall within acceptable ranges.

The oral risk assessment evaluates the potential health risks associated with the ingestion of heavy metals through the use of
lipstick. This analysis considers the Estimated Daily Intake (EDI) for heavy and average users, the Acceptable Daily Intake (ADI), and
the Relative Intake Index (RII), which expresses the EDI as a percentage of the ADI.

The RII values for Chromium (Cr) were high, with 1,158,773.24 % for heavy users and 199,842.12 % for average users. These
values indicate a significant risk of exposure above the safe limits, especially for heavy users, posing a severe health risk and suggesting
the need for immediate regulatory attention [1]. Manganese (Mn) also showed high RII values, with 18,786.55 % for heavy users and
3239.93 % for average users, suggesting a significant risk of overexposure that could lead to neurological and other health issues [27].

Cadmium (Cd) recorded high RII values, with 11,181.97 % for heavy users and 1928.44 % for average users. These values indicate a
severe risk of overexposure, which can lead to kidney damage and other serious health problems [35]. Lead (Pb) also recorded high RII
values, with 790.11 % for heavy users and 136.26 % for average users, suggesting significant health risks, particularly for heavy users.
Lead exposure is associated with neurological damage and other health problems [3]. Iron (Fe) showed excessively high RII values,
with 6319.58 % for heavy users and 1089.88 % for average users, indicating a substantial risk of iron overload, which can cause liver

Table 4
Dermal risk assessment of exposure to heavy metals in lipstick.

Metal ~ Mean Conc. (mg/  Chronic Daily Intake Reference Dose (RFD) (mg Hazard Quotient = Slope Factor (mg/ Cancer Risk
kg) (CDlgermal) kg 'day ) CDI/RFD kg/d)

Cr 544.32 2.9751E-06 0.005 5.95E-04 0.5 1.48755E-
06

Mn 158.84 8.68207E-07 0.14 6.20E-06

Ni 53.93 2.94795E-07 0.0008 3.68E-04 0.91 2.68263E-
07

Cu 1335.40 7.29898E-06 0.04 1.82E-04

Zn 62.61 3.42191E-07 0.3 1.14E-06

As BDL - 0.0003 0 1.5

Ccd 19.96 1.09095E-07 0.001 1.09E-04 6.7 7.30938E-
07

Hg BDL - 0.0001 0

Pb 3.53 1.92715E-08 0.0004 4.82E-05 0.0085 1.63808E-
10

Fe 14842.67 8.11264E-05 0.007 1.16E-02




S.A. Saah et al. Heliyon 10 (2024) e40576

Table 5

Oral risk assessment of exposure to heavy metals in lipstick.
Metal EDI (Heavy User) EDI (Average User) ADI RII(%) (Heavy User) RII% (Average User)
Cr 1158.77 199.84 0.1 1158773.24 199842.12
Mn 338.16 58.32 1.8 18786.55 3239.93
Ni 114.82 19.80 56 205.04 35.36
Cu 2842.88 490.28 7100 40.04 6.91
Zn 133.28 22.99 500 26.66 4.60
As 0.00 0.00 130 0.00 0.00
Ccd 42.49 7.33 0.38 11181.97 1928.44
Hg 0.00 0.00 40 0.00 0.00
Pb 7.51 1.29 0.95 790.11 136.26
Fe 31597.92 5449.38 500 6319.58 1089.88

damage and other serious health issues [30].

Nickel (Ni) poses a risk for heavy users with RII values of 205.04 %, indicating potential exceedance of the safe intake level.
However, the risk for average users is relatively low at 35.36 % [20]. In contrast, Copper (Cu) and Zinc (Zn) exhibit RII values well
below 100 %, with Cu at 40.04 % for heavy users and 6.91 % for average users, and Zn at 26.66 % for heavy users and 4.60 % for
average users. These values suggest that both heavy and average users are unlikely to exceed the safe intake levels, indicating minimal
risk from exposure through lipstick use [36].

Arsenic (As) and Mercury (Hg) were not detected in the samples, indicating no risk from these metals.

The implications of heavy metal contamination extend beyond human health, affecting aquatic ecosystems, as demonstrated in
studies evaluating coastal aquaculture activities [37].

The study’s limitations include the relatively small sample size (12 lipsticks) and its restriction to products available in local
markets, which may not represent the entire range of products used by consumers in Ghana. Additionally, XRF analysis may have
limitations in sensitivity compared to methods such as ICP-MS, especially for low-concentration metals.

5. Conclusion

The assessment of heavy metal concentrations in lipstick samples procured from the Ghanaian market reveals significant health
risks associated with their use. The analysis identified levels of heavy metals such as chromium (Cr), manganese (Mn), nickel (Ni),
copper (Cu), cadmium (Cd), and lead (Pb) in several lipstick samples, exceeding acceptable limits set by regulatory bodies like Health
Canada and the FDA.

Chromium concentrations ranged from below detection limits to 2554.20 mg/kg, with five samples significantly exceeding the
acceptable 1 mg/kg limit, posing risks such as skin irritation, allergic reactions, and potential carcinogenic effects. Manganese and
nickel levels were also notably high, with Mn concentrations reaching 823.00 mg/kg and Ni reaching 228.40 mg/kg. These levels raise
concerns about neurotoxicity and contact dermatitis.

Copper was found in extremely high concentrations, particularly in samples S1 (14053.33 mg/kg) and S7 (1939.84 mg/kg), far
surpassing the acceptable 100 mg/kg limit. This indicates severe contamination, potentially leading to systemic toxicity, including
liver and kidney damage. Similarly, cadmium concentrations in most samples exceeded the FDA’s acceptable limit of 3 mg/kg,
highlighting risks of kidney damage and bone demineralization.

Lead concentrations in several samples approached or exceeded the FDA limit of 10 mg/kg, indicating a potential risk of neuro-
toxicity, especially for vulnerable populations such as children and pregnant women. The presence of these heavy metals, particularly
in products intended for daily use, underscores the need for stringent regulation and monitoring to protect consumer health.

The risk assessments conducted for both dermal and oral exposure to these heavy metals indicate that while the hazard quotients
for non-carcinogenic risks are below 1, suggesting minimal immediate health risks, the potential for long-term health impacts cannot
be ignored. Oral risk assessment, particularly for heavy users, shows exceedingly high relative intake indices (RII) for Cr, Cd, and Pb,
indicating significant exposure levels far exceeding acceptable daily intakes (ADI).

This study highlights the urgent need for stricter regulation of heavy metals in cosmetics sold in Ghana. The findings indicate
significant contamination of lipsticks with heavy metals such as chromium, cadmium, and lead, posing long-term health risks. While
non-carcinogenic risks are minimal under typical use, heavy users are exposed to metal levels exceeding acceptable daily intakes,
particularly for Cr and Cd. Regulatory bodies should enforce stringent safety standards and conduct regular monitoring to protect
consumers. Consumers should also be educated about the potential risks of heavy metal exposure through cosmetics, promoting safer
choices and practices.

CRediT authorship contribution statement
Selina Ama Saah: Writing — review & editing, Supervision, Conceptualization. Nathaniel Owusu Boadi: Writing — review &

editing, Writing — original draft, Validation, Resources, Methodology. Patrick Opare Sakyi: Writing — review & editing, Supervision.
Euphemia Quanuaa Smith: Writing — review & editing, Methodology, Investigation.



S.A. Saah et al. Heliyon 10 (2024) e40576

Ethics statement

This study adhered to all applicable ethical standards in its design, conduct, and reporting. The research focused on analyzing
commercially available lipsticks for heavy metal contamination to evaluate potential health risks. No human or animal subjects were
involved, eliminating the need for ethical approval from institutional review boards. The authors ensured that data collection, sample
preparation, and analysis were conducted with accuracy and transparency. All results were reported honestly without fabrication,
falsification, or inappropriate data manipulation. The study complies with relevant safety guidelines and scientific integrity principles.

Data availability
The data supporting this study’s findings are available from the corresponding author upon reasonable request.
Funding

The authors did not receive any grant for this study.

Declaration of competing interest

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to
influence the work reported in this paper.

Acknowledgements

The laboratory space for this investigation was kindly supplied by the Departments of Chemistry at Kwame Nkrumah University of
Science and Technology in Kumasi and Chemical Sciences at the University of Energy and Natural Resources in Sunyani, for which the
authors are extremely grateful.

References

[1] O.L. Tunde, A.P. Oluwagbemiga, O.0. Felix, Concentrations and probable health risks of potentially toxic metals (Pb, Cd and Cr) in some Nigerian lipstick
products, J. Trace Elem. Miner. 8 (2024) 100142, https://doi.org/10.1016/j.jtemin.2024.100142.

[2] S. Borowska, M.M. Brzdska, Metals in cosmetics: implications for human health, J. Appl. Toxicol. 35 (2015) 551-572, https://doi.org/10.1002/jat.3129.

[3] V. Karri, M. Schuhmacher, V. Kumar, Heavy metals (Pb, Cd, as and MeHg) as risk factors for cognitive dysfunction: a general review of metal mixture
mechanism in brain, Environ. Toxicol. Pharmacol. 48 (2016) 203-213, https://doi.org/10.1016/j.etap.2016.09.016.

[4] M. Ebrahimi, N. Khalili, S. Razi, M. Keshavarz-Fathi, N. Khalili, N. Rezaei, Effects of lead and cadmium on the immune system and cancer progression,
J. Environ. Heal. Sci. Eng. 18 (2020) 335-343, https://doi.org/10.1007/540201-020-00455-2.

[5] T. Attard, E. Attard, Heavy metals in cosmetics, in: Environ. Impact Remediat, Heavy Met., 2022, pp. 1632-1635, https://doi.org/10.5772/intechopen.102406.

[6] A. Khodabakhshi, F. Bagherzadeh, Risk assessment of heavy metals in brands of lipsticks commonly used in Shahrekord, Iran, J. Shahrekord Univ. Med. Sci. 26
(2024) 42-45, https://doi.org/10.34172/jsums.771.

[7] S.A. Saah, N.O. Boadi, P.O. Sakyi, G. Darko, M.B. Mensah, Risk of exposure to trace elements through the application of facial makeup powders, J. Chem. 2022
(2022), https://doi.org/10.1155/2022,/9229134.

[8] D. Liu, Q. Shi, C. Liu, Q. Sun, X. Zeng, Effects of endocrine-disrupting heavy metals on human health, Toxics 11 (2023), https://doi.org/10.3390/
toxics11040322.

[9] M. Balali-Mood, K. Naseri, Z. Tahergorabi, M.R. Khazdair, M. Sadeghi, Toxic mechanisms of five heavy metals: mercury, lead, chromium, cadmium, and arsenic,
Front. Pharmacol. 12 (2021), https://doi.org/10.3389/fphar.2021.643972.

[10] Z. Lv, J. Hu, M. Huang, G. Pan, G. Xu, M. Yang, Molecular mechanisms of cadmium-induced cytotoxicity in human ovarian granulosa cells identified using
integrated omics, Ecotoxicol. Environ. Saf. 272 (2024) 116026.

[11] A.H. Mhemeed, Quantitative Determination of some heavy metals in Lipsticks available in Iraqi market, J. Phys. Conf. Ser. (2020), https://doi.org/10.1088/
1742-6596/1664,/1/012091.

[12] Ebhota Jacob, Levels of heavy metals in lipsticks commonly and commercially available in Benin city, Nigeria, Csj 13 (2022) 143-146.

[13] F.M. Mohammed, M.A. Ahmed, H.M. Oraibi, Health risk assessment of some heavy metals in lipsticks sold in local markets in Iraq, J. Turkish Chem. Soc. Sect. A
Chem. 10 (2023) 147-160, https://doi.org/10.18596/jotcsa.1154686.

[14] S.Lara-Torres, D. Figueiredo, S. Paz, A.J. Gutiérrez, C. Rubio, D. Gonzalez-Weller, C. Revert, A. Hardisson, Determination and risk assessment of toxic metals in
lipsticks from Europe and China, J. Trace Elem. Med. Biol. 67 (2021) 126792, https://doi.org/10.1016/].jtemb.2021.126792.

[15] A. Munir, M.U. Hayyat, L. Shahzad, F. Sharif, M. Farhan, G.Z. Ghafoor, Assessment of heavy metals concentrations in commercially available lipsticks in
Pakistan, Environ. Forensics 21 (2020) 259-266, https://doi.org/10.1080/15275922.2020.1771632.

[16] M. Naz, M. Ahmed, F. Aftab, M.A. Ali, M. Sanaullah, W. Ahmad, A.H. Alshammari, K. Khalid, T.A. Wani, S. Zargar, Contamination of trace, non-essential/heavy
metals in nutraceuticals/dietary supplements: a chemometric modelling approach and evaluation of human health risk upon dietary exposure, Food Chem.
Toxicol. (2024) 114806.

[17] M. Ahmed, M. Ahmad, M.A. Khan, A. Sohail, M. Sanaullah, W. Ahmad, D.N. Igbal, K. Khalid, T.A. Wani, S. Zargar, Assessment of carcinogenic and non-
carcinogenic risk of exposure to potentially toxic elements in tea infusions: determination by ICP-OES and multivariate statistical data analysis, J. Trace Elem.
Med. Biol. 84 (2024) 127454.

[18] M. Ahmed, M. Sanaullah, S. Sarfraz, M. Zahra, M. Tanveer, A. Sohail, S. Qamar, W. Ahmad, I.A. Kundi, M. Feroz, Essential and non-essential metals in coconut
milk: determination, chemometric analysis, and risk assessment study, J. Food Compos. Anal. 127 (2024) 105943.

[19] M. Irshad, M. Ahmed, M. Ramzan, M. Fatima, F. Aftab, M. Sanaullah, S. Qamar, Z. Iftikhar, T.A. Wani, S. Zargar, Appraisal of potentially toxic metals
contamination in protein supplements for muscle growth: a chemometric approach and associated human health risks, J. Trace Elem. Med. Biol. (2024) 127481.

[20] H. Arshad, M.Z. Mehmood, M.H. Shah, A.M. Abbasi, Evaluation of heavy metals in cosmetic products and their health risk assessment, Saudi Pharmaceut. J. 28
(2020) 779-790, https://doi.org/10.1016/j.jsps.2020.05.006.

[21] A. Kader Mohiuddin, Heavy metals in cosmetics: the notorious daredevils and burning health issues, Am. J. Biomed. Sci. Res. 4 (2019) 332-337, https://doi.org/
10.34297/ajbsr.2019.04.000829.


https://doi.org/10.1016/j.jtemin.2024.100142
https://doi.org/10.1002/jat.3129
https://doi.org/10.1016/j.etap.2016.09.016
https://doi.org/10.1007/s40201-020-00455-2
https://doi.org/10.5772/intechopen.102406
https://doi.org/10.34172/jsums.771
https://doi.org/10.1155/2022/9229134
https://doi.org/10.3390/toxics11040322
https://doi.org/10.3390/toxics11040322
https://doi.org/10.3389/fphar.2021.643972
http://refhub.elsevier.com/S2405-8440(24)16607-8/sref10
http://refhub.elsevier.com/S2405-8440(24)16607-8/sref10
https://doi.org/10.1088/1742-6596/1664/1/012091
https://doi.org/10.1088/1742-6596/1664/1/012091
http://refhub.elsevier.com/S2405-8440(24)16607-8/sref12
https://doi.org/10.18596/jotcsa.1154686
https://doi.org/10.1016/j.jtemb.2021.126792
https://doi.org/10.1080/15275922.2020.1771632
http://refhub.elsevier.com/S2405-8440(24)16607-8/sref16
http://refhub.elsevier.com/S2405-8440(24)16607-8/sref16
http://refhub.elsevier.com/S2405-8440(24)16607-8/sref16
http://refhub.elsevier.com/S2405-8440(24)16607-8/sref17
http://refhub.elsevier.com/S2405-8440(24)16607-8/sref17
http://refhub.elsevier.com/S2405-8440(24)16607-8/sref17
http://refhub.elsevier.com/S2405-8440(24)16607-8/sref18
http://refhub.elsevier.com/S2405-8440(24)16607-8/sref18
http://refhub.elsevier.com/S2405-8440(24)16607-8/sref19
http://refhub.elsevier.com/S2405-8440(24)16607-8/sref19
https://doi.org/10.1016/j.jsps.2020.05.006
https://doi.org/10.34297/ajbsr.2019.04.000829
https://doi.org/10.34297/ajbsr.2019.04.000829

S.A. Saah et al.

[22]
[23]
[24]
[25]
[26]
[27]

[28]
[29]

[30]
[31]
[32]
[33]
[34]
[35]
[36]

[37]

Heliyon 10 (2024) e40576

B. Ladizinski, N. Mistry, R.V. Kundu, Widespread use of toxic skin lightning compounds: medical and psychosocial aspects, Dermatol. Clin. 29 (2011) 111-123,
https://doi.org/10.1016/j.det.2010.08.010.

1. Al-Saleh, I. Al-Doush, Mercury content in skin-lightning creams and potential hazards to the health of saudi women, J. Toxicol. Environ. Health 51 (1997)
123-130, https://doi.org/10.1080/00984109708984016.

A. Saadatzadeh, S. Afzalan, R. Zadehdabagh, L. Tishezan, N. Najafi, M. Seyedtabib, S.M.A. Noori, Determination of heavy metals (lead, cadmium, arsenic, and
mercury) in authorized and unauthorized cosmetics, Cutan. Ocul. Toxicol. 38 (2019) 207-211, https://doi.org/10.1080/15569527.2019.1590389.

National Institute of. Technology and Evaluation, Basic Manual for Calculation of the Estimated Human Exposure Used in the Risk Assessment of Consumer
Products, 2008, pp. 1-59.

U.P. Gnonsoro, Y.E.D. Ake Assi, N.S. Sangare, Y.U. Kouakou, A. Trokourey, Health risk assessment of heavy metals (Pb, Cd, Hg) in hydroalcoholic gels of
abidjan, cote d’Ivoire, Biol. Trace Elem. Res. 200 (2022) 2510-2518, https://doi.org/10.1007/s12011-021-0282.2-y.

D.S. Lim, T.H. Roh, M.K. Kim, Y.C. Kwon, S.M. Choi, S.J. Kwack, K.B. Kim, S. Yoon, H.S. Kim, B.M. Lee, Non-cancer, cancer, and dermal sensitization risk
assessment of heavy metals in cosmetics, J. Toxicol. Environ. Health Part A Curr. Issues 81 (2018) 432-452, https://doi.org/10.1080/15287394.2018.1451191.
L. Patrick, Lead toxicity, a review of the literature. Part I: exposure, evaluation, and treatment, Alternative Med. Rev. 11 (2006) 2-22.

A.A. Adepoju-Bello, S.A. Osagiede, 0.0. Oguntibeju, Evaluation of the concentration of some toxic metals in dietary red palm oil, J. Bioanal. Biomed. 4 (2012)
92-95, https://doi.org/10.4172/1948-593X.1000069.

Health Canada, Guidance on Heavy Metal Impurities in Cosmetics [Health Canada, 2012], 2012, pp. 1-15.

P.J. Gray, W.R. Mindak, J. Cheng, Elemental Analysis Manual (2015) 17.

J.P. Thyssen, D.J. Gawkrodger, I.R. White, A. Julander, T. Menné, C. Lidén, Coin exposure may cause allergic nickel dermatitis: a review, Contact Dermatitis 68
(2013) 3-14, https://doi.org/10.1111/j.1600-0536.2012.02127.x.

D.A. Basketter, G. Briatico-Vangosa, W. Kaestner, C. Lally, W.J. Bontinck, Nickel, cobalt and chromium in consumer products: a role in allergic contact
dermatitis? Contact Dermatitis 28 (1993) 15-25, https://doi.org/10.1111/j.1600-0536.1993.tb03318.x.

Y.J. Yi, S.H. Zhang, Heavy metal (Cd, Cr, Cu, Hg, Pb, Zn) concentrations in seven fish species in relation to fish size and location along the Yangtze River,
Environ. Sci. Pollut. Res. 19 (2012) 3989-3996, https://doi.org/10.1007/s11356-012-0840-1.

J. Godt, F. Scheidig, C. Grosse-Siestrup, V. Esche, P. Brandenburg, A. Reich, D.A. Groneberg, The toxicity of cadmium and resulting hazards for human health,
J. Occup. Med. Toxicol. 1 (2006) 1-6, https://doi.org/10.1186/1745-6673-1-22.

O. Gyamfi, J. Aboko, E. Ankapong, J.T. Marfo, N.Y. Awuah-Boateng, K. Sarpong, E. Dartey, A systematic review of heavy metals contamination in cosmetics,
Cutan. Ocul. Toxicol. 43 (2024) 5-12, https://doi.org/10.1080/15569527.2023.2268197.

P. Barua, S.H. Rahman, Aquatic health index of coastal aquaculture activities at Southeastern Coast of Bangladesh, Water Conserv Manag 4 (2020) 53-69.


https://doi.org/10.1016/j.det.2010.08.010
https://doi.org/10.1080/00984109708984016
https://doi.org/10.1080/15569527.2019.1590389
http://refhub.elsevier.com/S2405-8440(24)16607-8/sref25
http://refhub.elsevier.com/S2405-8440(24)16607-8/sref25
https://doi.org/10.1007/s12011-021-02822-y
https://doi.org/10.1080/15287394.2018.1451191
http://refhub.elsevier.com/S2405-8440(24)16607-8/sref28
https://doi.org/10.4172/1948-593X.1000069
http://refhub.elsevier.com/S2405-8440(24)16607-8/sref30
http://refhub.elsevier.com/S2405-8440(24)16607-8/sref31
https://doi.org/10.1111/j.1600-0536.2012.02127.x
https://doi.org/10.1111/j.1600-0536.1993.tb03318.x
https://doi.org/10.1007/s11356-012-0840-1
https://doi.org/10.1186/1745-6673-1-22
https://doi.org/10.1080/15569527.2023.2268197
http://refhub.elsevier.com/S2405-8440(24)16607-8/sref37

	Human health risks of lead, cadmium, and other heavy metals in lipsticks
	1 Introduction
	2 Materials and methods
	2.1 Sampling and sample preparation
	2.2 Metal analysis
	2.3 Dermal risk assessment of lipsticks
	2.4 Statistical analysis

	3 Results and discussion
	4 Risk assessment
	5 Conclusion
	CRediT authorship contribution statement
	Ethics statement
	Data availability
	Funding
	Declaration of competing interest
	Acknowledgements
	References


