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Abstract

In this study, heavy metals like Pb, Cd, Ni andwhre quantitatively estimated using AAS. The resindicate
that among the toxic heavy metals, Pb, Ni and Pte w&ceeding the Health Canada permissible limédifor
hair creams in most of the hair cream samplesClagtmium was found appreciably well below the pesihis
limit. At 95% confidence level, p < 0.05, thereaissignificant difference in the values of the camcation of
heavy metals among the hair cream samples usédsisttidy, except for Cadmium concentrations whitthis
confidence level, p > 0.05, has no significant efiéince. In conclusion, enforcement of strict anpasgte
regulatory guidelines and promotion of Good Analigti Practice (GAP) and Good Manufacturing Practices
(GMP) is suggested for hair cream cosmetics by tH&aanada and other regulatory agencies in Nig&tigs
study presents the status of heavy metals in medtke&ir cream cosmetic formulations and also pesvid
simple and convenient AAS method which can effedyisvoe adopted at Industrial level for the quatipntrol
and standardization of hair care cosmetic preparat@nd other related products.
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1. INTRODUCTION

A cosmetic product is any substance or preparati@mded to be placed in contact with the varicarggof the
human body (epidermis, hair system, nails, lips exiggrnal genital organs) or with the teeth andrtheous
membranes of the oral cavity with a view exclugivet mainly to cleaning them, perfuming them, chliagg
their appearance and/or correcting body odors amttitecting them or keeping them in good conditibh
They are articles intended to be rubbed, pouraihldpd, or sprayed on, introduced into, or otheevapplied to
the human body or any part thereof for cleansingautifying, promoting attractiveness, or alterirge t
appearance [2]. This definition includes a myridgmducts used by men and women: hair creams;cslia
creams, lotions, powders and sprays, perfumesicliss fingernail polishes, eye and facial makepgrmanent
waves, hair colors, deodorants, baby products, digghbubble baths, and mouthwashes.

Although cosmetics prior to the 1960s had a godetpaecord, there are examples when this washet t
case. For example, from the classical times thrabghmiddle ages up to the early 20th century, mgkeyes
contained highly toxic heavy metals, such as Leddrcury and Cadmium oxides. In the 1930s, thallium-
containing depilatory products caused cases ofreeamd occasionally lethal intoxications [3]. Dugrin
1958/1959 halogenated salicylanilide-containingmeetics produced an epidemic of photo-allergic ieastin
the UK and elsewhere [4], and, in the 1950/60;dfilum-containing deodorants and hair creams esift an
outbreak of long-lasting allergic inflammatory skind hair scalp reactions in consumers in Europletlaa US
[5].

Lead poisoning has been a recognized health hdaamiore than 2,000 years. Characteristic featofes
Lead toxicity, including anemia, colic, neuropatimgphropathy, sterility and coma. Exposure to lewels of
lead has also been associated with behavioral afalities, learning impairment, decreased hearingl a
impaired cognitive functions in humans and in ekpental animals [6]. There have been a numbermdnts in
the media and on internet about the presence dfiteédranded cosmetic products [7]. Studies hawealed
that many kohl eyeliners containing serious lewdlkead are imported from India, Arabia and the dlé&dEast.
Long exposure to lead can bring on hypertensionsea through kidney damage. Some studies fromdvé h
revealed that lead from kohl can enter the bodyugh skin absorption in children’s as well as igitiparents.

Cadmium is a deep yellow to orange pigment and Ignpsésent in lipsticks and face powders. The Use o
cadmium in cosmetics products are due to its cptoperty as it has been used as a color pigmentany
industries [8]. Metals are well-recognized causkallergic contact dermatitis (ACD) both at occupaal and
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environmental level. Various research aimed ataipy occupational, clinical, toxicological and @mnmental
exposure of trace metals along with their impachoman health [9, 10, 11, 12, 13, 14] have beeriechout.
The key metals involved in this pathology are, idey of incidence, Ni, Co, and Cr, either takemalor in their
association [15, 16, 17].

Basically, Ni is considered the primary sourceaigsing ACD with a prevalence of 20% in females &¥#d
in males [18]. This is mainly due to the free Nnsoreleased from objects containing Ni — whichydadme in
contact with the skin (i.e., piercing, jewels, loat$, clasps, coins, etc.) — corroded by the humaats In order
to reduce the Ni ACD, the release of this metaifrcarious objects has been regulated by the EunoBeancil
Directive communities (1994). Although many studtesve been reported the presence of above metals in
cosmetic products especially in lipsticks and pailish, however data about their presence in h@aros is
scanty. Present study thus planned to see if aéme cosmetics manufactured here in Nigeria aréaotinated
with Cadmium, Lead, Nickel and Zinc.

2. MATERIALS & METHODS

2.1 Sample collection

Ten majorly marketed hair creams labeled (PX, ADQ; DM, FEM, APP, SW, SM, S-8 and TS) were used for
this study, and for each of these ten hair createxted, three batches comprising of three sanglesaking a
total of thirty samples for this study were colksgttfor this study. The samples were bought frofomaarkets
(Sabon-Gari central market, Samaru general mafketun wada and Zaria city markets) in Zaria mettspo
Kaduna state in Nigeria. The country of manufactues ascertained as all the hair creams contaimeddrial
number for the registration of the cosmetic produciNational Agency for Food and Drug administratand
Control (NAFDAC) in Nigeria. The Container labefanmation on collected hair cream samples is giwen
Table-1 below with figure 1 showing the samplingaar

Figure-1: Map showing the sampling area
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Table 1: Container label information on collected fair cream samples

Product Code Manufacture date Expiry date NAFDAC No. Batch No.
PX + + + +
AT - - + -
cocC - - + ;
DAM + + + +
FEM + + + +
APP + + + +
SW = = aF =
SM + + + +
S8 - - + _
TS - - + ]

(+) Label disclosure provided;) Label disclosure not provided
PX: Promax,AT: Angel Touch,COC: Coconut oil,FEM: Femoon APP: Apple, SW: Sports wavesSM: Soul
mate,S8: Sulphur-8,TS: Top sheen

2.2 Sample Preparation

Sample preparation for heavy metal analysis wa® dorder standard procedure. Briefly, a represemntdg
sample was mixed with 0.5g of finely ground potasspermanganate and then 1.0ml of concentratedrgulf
acid was added while stirring. A strong exothermgaction occurred. The sample was then treated 2vith
concentrated nitric acid. 10ml of concentrated M@t then added and the sample was heated untédction
was complete and is then filtered. The filter waasked with hot concentrated HCI. The filter papeasw
transferred to a digestion flask, treated with ®itoncentrated HCI. The sample was brought to meland
analyzed by AAS.

Chemicals of analytical grade purity and distilledter were used in the preparation of reagents. All
glassware used were washed and rinsed with distillater before drying in the oven. The reagentsiireq
were purchased from Stevemoore Chemicals, Emamtda,ZKaduna State, Nigeria. All the experimentseve
performed in triplicate and the average values weperted. Statistical analysis was carried om@S8PSS to
describe the pattern of distribution of the heawstats in all the samples under study & ANOVA wasdio
compare test parameters using the SPSS 16 softiane.metals i.e. Cadmium, Lead, Nickel and Zincene
analyzed through Atomic Absorption Spectrophotomdiéarian AA240FS sequential Atomic Absorption
Spectrometer).

2.3 Preparation of Stock Solution of stock solution

2.3.1 Cadmium solution 2.01g of Cadmium sulphate, Cu$i,0 was dissolved in distilled water and made up
to 1L.

2.3.2 Lead Solution 1.5985¢g of Lead (II) trioxonitrate (V) Pb(NJ2 was dissolved in distilled water and made
up to 1L.

2.3.3 Zinc solution 1.2449g of Zinc (I1) oxide, ZnO was dissolvedSonT distilled water and 25moldhHCl
and the solution made up to 1L with dissolved.

2.3.4 Nickel solution 7.0365g of Ammonium Nickel Sulphate hexahydrali§O,. (NH,),S0O,.6H,0O

The method of standard addition which is consida®d validation method was used to demonstratestity

of our method. Hence, a recovery test was perforosédg method of standard addition. Standard swiati
containing Cd, Pb, Ni and Zn were prepared andesbiith digested samples, after dilution of santpl&0 ml
[19].

2.3.5 Preparation of Calibration Curve

Appropriate working standards for each metal waepared by serial dilution of stock solution. Therking
standards solutions were aspirated into the flam@ their absorbance recorded. A calibration cunas w
prepared by plotting absorbance against conceortrati

2.3.6 Analysis of Sample

The digested sample solution was aspirated intofldimee and the absorbance values recorded. Thel meta
concentration was calculated from the calibratiarve. The instrumental conditions used are givefahle-2
below
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Table-2
Instrumental conditions for AAS determination oftale with Varian AA240FS sequential Atomic Absoopti
Spectrometer

Element Wavelength (nm) Band pass (nm) Flame type uel flow rate L/Min
Cd 228.8 0.5 Air/GH, 1.2
Pb 217.0 0.5 Air/GH, 11
Zn 213.9 0.5 Air/GH, 11
Ni 341.5 0.5 Air/GH, 1.1

2.3.7 Statistical Analysis

Statistical analysis was carried out using SPS&egeribe the pattern of distribution of the heawstats in all
the samples that was under study, while ANOVA aedrBon Correlation analysis was used to compate tes
parameters using the SPSS 16 software [20].

2.3.8 Validation of Experimental Protocol (SpikingExperiment)

Preparation of Multi-element standard solution (MEES0.3055 g Ni (S9..6H,O was weighed out and
dissolved in 2 ml distilled water in a beaker arahsferred into a 500 ml volumetric flask. The berakas then
rinsed thoroughly with distilled water into thedla 0.1298g Zn (NO3)2 was also weighed out andblisd in
distilled water and HN@respectively and then transferred into the samametric flask. 0.0799 g Pb(ND
was weighed and dissolved in 2 ml HNO3 in a beattistilled water was added and then transferreal iné
same volumetric flask. Lastly, 0.13442 g of Cd @¥Qvas weighed out and dissolved in 2 ml distilledexdn a
beaker and transferred into same 500 ml volumétagk and the beaker was rinsed thoroughly withilthd
water into the flask. The flask was then made tokneth distilled water to give the Multi-elementasdard
solution (MESS). Aliquots of this solution were dde the spiking experiment. The hair cream wagstied in
triplicates together with the blanks and run onAl#& machine. The amount of metal present in tmepa was
determined from the calibration Curve. These gaeeamount of metal in the unspiked sample and geothe
basis for spiking experiment.

5 ml of the Multi element standard solution waswdravith graduated pipette and used to spike 3dnef t
hair cream sample. These were then digested ilicaips together with their blanks and then runAgksS.
Concentrations of the metals in spiked and unsp#adples were used to calculate the percentageescm
order to validate the method

3. RESULT AND DISCUSSION
The heavy metals levels are given in Table-3. B hair cream products in this study were founddotain
substantial levels of Lead (Pb), Nickel (Ni), Cadmi(Cd) and Zinc (Zn).

3.1 Lead (Pb) Level

Lead (Pb) ranged from 44.22 — 013 mg/kg as showralne-3, SM having the highest mean value of 4422
0.036 mg/kg and COC having the lowest value of @1B012 mg/kg with SM, S-8, AT, PX, APP and FEM
having Lead (Pb) values of 44.22 + 0.036 mg/kg5@+ 0.083 mg/kg, 40.67 £+ 0.075 mg/kg, 39.35 +0@.0
mg/kg, 37.60 + 0.029 mg/kg and 34.25 + respectivé@lyese values are very high compared to the eesult
reported by [21,22]. They are also higher thamtlagimum permissible limit of 10mg/kg as stipulatéahadian
health, TS DAM and COC with values 0.90 + 0.032 kgg/0.33 + 0.004 mg/kg and 0.13 + 0.012 mg/g
respectively, fell below the maximum permissibhaiti The trend in the Lead concentration in mg&given as
SM>S8>AT>PX>APP>FEM>SW>TS>DM>COC. Lead (Pb) is ook the most popular heavy metals in
elemental analysis, possibly due to the numerowsrad health challenges it creates in various argdirthe
human body. The presence of high Lead (Pb) mighdugeto the use of utility water obtained from Lgmples
used in the preparation of hair cream formulatidmesad acetate is not left out also as it has beend useful as
color additives used in hair cream formulations. WA summary table shown in Table-4 shows that &6 95
confidence value, p<0.05, implying that there isignificant difference among the Lead (Pb) valutalbthe
hair creams under study.

3.2 Cadmium (Cd) Level

The Cadmium level ranged from 0.440 — 0.00 mg/kghaswvn in Table-3 with DAM having the highest mean
value of 0.440 £ 0.381 mg/kg, while APP and PX ame- detectable. The trend in the Cadmium conctoira
in mg/kg is given as DM>TS>SW>SM>COC>S8>AT>FEM. Tladmium content of the hair creams
investigated were very low compared with the resuéiported by [21, 22]. It is also observed totlhe
maximum permissible limit of 3 mg/kg stipulated Hgalth Canada, 2012. Cadmium might have being ased
coloring pigment in the hair creams under studyh@ligh the presence of Cadmium in the samples indrace
amount but the slow release of Cadmium with low amionay also cause harmful effects to the humary.bod
The presence of Cadmium has also been reportedrious lipsticks [8]. It does not have to be pntse
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abundance in products to produce hypertensioradi fesults from tests showed that it was mingiosure that
caused high blood pressure. When Cadmium was @gedirectly into the subject it caused blood presda
rise. So the small amounts are not safe. It tatgetsd vessel and heart tissue, as well as, theeksl lungs and
brain, and results in heart disease, hypertendiogr, damage, suppressed immune system and otlsty na
symptoms [8]. ANOVA Summary table shown in Tablehtws that at 95% confidence value, p>0.05, implyin
that there is no significant difference among tlae@ium values of all the hair creams under study.

3.3 Nickel (Ni) Level

The Nickel level ranged from 173.03 — 7.03 mg/kgshswn Table-3 with FEM having the highest meaueal
of 173 + 0.005 mg/kg and SM having the lowest valti&.03 + 0.003. The trend in the Nickel concetitrain
mg/kg is given as FEM>PX>AT> DAM>S8>COC>SW>TS>APRESThe Nickel content of the hair creams
investigated were very high compared with the tesidported by [23] on levels of Nickel and othetgmtial
allergenic metals in Ni- tested commercial bodyaane and higher than the maximum permissible lirhi8 o
mg/kg by Health Canada, 2012. It has been statatl X actually represents the main cause of contact
dermatitis; minimal amounts of other toxic metadn calso trigger a pre-existing allergy. Nickel detitis
produces erythema, eczema and lichenification®ht#nds and other areas of the skin that contektlnilnitial
sensitisation to Nickel is believed to result frdermal contact but recurring flares of eczema,idérly of the
hands, may be triggered by ingestion. Reactionilitavere not isolated but associated with Cr, Caj Rd
sensitivity [24, 25, 26]. This study also revealkdt the maximum content (173.03 + 0.005) mg/kdlizkel in
the hair cream products under study is higher thase obtained by [27] for eyeliners (9.2 + 4.1®)/kg, eye
pencils (13.4 + 5.80) mg/kg and lipsticks (14.6.80 mg/kg. Basically, Ni is considered the primaource of
causing Allergic Contact Dermatitis (ACD) with aepalence of 20% in females and 1% in males [28is Th
mainly due to the free Ni ions released from eq@ptcontaining Ni — which might have been usedhia t
preparation of the hair cream formulations. Niclkel silver-white metal generally used to enhaheevialue,
utility, and lifespan of industrial equipment anain@ponents by protecting them from corrosion. Nidkehlso
commonly used in the chemical and food processidgstries to prevent iron contamination. The higjel of
Nickel may also be attributed to the fact that &ynhave been used to protect most of the industgalpment
used in the production of the hair creams from asion. ANOVA summary table shown in Table-4 below
shows that at 95% confidence value, p<0.05, impltimat there is a significant difference among Iiekel
(Ni) values of all the hair creams under study.

3.4 Zinc (Zn) Level

The Zinc level ranged from 14.47 — 2.19 mg/kg asashin Table-3 with TS having the highest mean gadti
14.47 + 0.060 mg/kg and DAM having the lowest vatfie?.19 + 0.011 mg/kg. The Zinc content of therhai
creams investigated are generally low compared thigresults reported by [22]. TS (14.47 + 0.060kgy PX
(7.56 + 0.350 mg/kg), COC (4.60 £ 0.050 mg/kg), 8M.47 + 0.060 mg/kg), S-8 (5.69 + 0.08 mg/kg), FEM
(6.81 + 0.028 mg/kg), AT (3.48 + 0.028 mg/kg) and/ $3.11 + 0.026 mg/kg) have values greater than3the
mg/kg stipulated by Health Canada, 2012. The treandhe Zinc concentration in mg/kg is given as
TS>PX>FEM>S8>SM>COC>AT>SW>APP>DAM. The presenceZisfc in these sample can be attributed to
the fact that, Zinc sulphate has been known todsal in hair care cosmetics as an astringent, keoaid an
antimicrobial agent and could have being addedaast qf the constituents of these hair creams anshiva
mentioned as an ingredients in the ingredient ABtOVA summary table shown in Table-4 below shohest tat
95% confidence value, p<0.05, implying that thexa isignificant difference among the Zinc valueslbthe
hair creams under study. The presence of thess/ matals in the hair cream cosmetics may makexictto
the scalp; the incorporation of elements into theakin structure of hair takes place by bindinghi® sulfhydryl
groups that are present in the follicular protéinthis regard, it should not be overlooked thaedgents such as
soap and shampoos, hair creams, lotions, hair isaand dyes actually compete with the complexiiliyaof
these reactive sites, thus leading to a signifit@athing of elements from the shaft bulk into ltoely system
[29]. Apart from the fact that they cause bloodspai, they also destabilize formulation system eftihir cream
by forming free-radicals thereby reducing theirlghte. Therefore efforts should be made to makeesthat
these metals are absent in hair care cosmeticsual as possible. This can be achieved by complewitty
chelating compounds like EDTA [30]. The World HéalOrganization is silent regarding the maximum
permissible limits of heavy metals in hair caremescs. In this case, Health Canada has takemitiative and
implemented a few measures to control heavy metakentration in cosmetics and gave the maximum
acceptable limits as Lead (3mg/kg), Ni (3mg/kg),(@mg/kg), and Cadmium (3mg/kg) (Health Canada 2201
The results of recovery study were within the atalele range verifying the validity of method foretheavy
metal analysis as shown in Table-4 below. Fromt#ide it can be shown that Lead (Pb) had the highes
percentage recovery of 99.27%, followed by Zinc)(A7v.38%, then Nickel, 82.05% and lastly Cadmiuithw
percentage recovery value of 79.76%.
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Table-3: Mean = S.D Metal levels in (mg/kg) in all the haieam samples
Sample Mean + S.D Metal levels in (mg/kg)
Pb Cd Zn
APP 37.600+0.029 0.00+0.000 9.68+0.011 2.27+0.030
TS 0.903+0.032 0.166+0.280 18.93+0.020 14.47+0.060
PX 39.353+0.007 0.00+0.000 154.01+0.017 7.56+0.350
COoC 0.133+0.012 0.053+0.009 35.01+0.015 4.60+0.050
SM 44.226+0.036 0.08310.119 7.03+0.003 5.05+0.040
DAM 0.326+0.004 0.440+0.381 71.34+0.025 2.19+0.011
S8 41.593+0.083 0.02040.001 53.62+0.020 5.69+0.080
SW 1.573+0.0200 0.10640.011 31.9240.011 3.11+0.026
FEM 34.256+0.018 0.006+0.001 173.03+0.005 6.81+0.035
AT 40.67610.075 0.02040.003 112.04+0.001 3.48+0.028
Table-4: ANOVA summary table for Heavy metals
Pb Cd Ni Zn
P<0.05 P>0.05 P<0.05 P<0.05
Table-5: Percentage recovery with amount in mg/kg
Metal Amount in spiked Amount in unspiked Amountiad % Recovery
Pb 5.0315 0.0689 5 99.27
Cd 4.120 0.1316 5 79.76
Ni 4.213 0.1107 5 82.05
Zn 5.075 0.2060 5 97.38
% Recovery = Amount in spiked — Amount in Unspiked  x 100
Amount added
200
180
160
140
120
100 —
80 | M LEAD (Pb)
60 — mCADMIUM
40 B NICKEL
20 J I: ~I :[ — q; —
0 - M - i mZINC
APP TS PX cocC SM DAM S8 SW FEM AT
B LEAD (Pb) | 37.6 09 |[39.35| 0.13 | 44.22 | 0.33 | 41.59 | 1.57 | 34.25 | 40.67
m CADMIUM 0 0.167 0 0.053 | 0.083 | 0.44 | 0.02 | 0.106 | 0.006 | 0.02
NICKEL 9.68 | 18.93 |154.01| 35.01 | 7.03 | 71.34 | 53.62 | 31.92 |173.03|112.05
B ZINC 2.27 | 14.47 | 7.56 4.6 505 | 2.19 | 5.69 | 3.11 | 6.81 | 3.48

Figure-2: All metal distribution in mg/kg for all hair creasamples

4 CONCLUSION

In the present study, we determined the Cadmiumad]&lickel and Zinc in various hair food cosmetids
different brands. Based upon the results, we caieclihat most of the heavy metals investigate@.eNi and
Zn were highly above their maximum permissible timi most of the hair care cosmetics, only Cd welew
the set standard. The continued use of productsgonated with such heavy metals may cause slosasel of
these metals into the human body and thus show hiaeinful effects. So the extensive uses of suchlymts
should be avoided.
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