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In the pro posed work, an in ves ti ga tion on haz ard as sess ment by lead el e ment and nat u ral ra -
dio ac tiv ity in cos metic sam ples col lected from var i ous coun tries is pre sented. These sam ples
were face pow der, eye brow paint and henna. The lead el e ment in cos metic sam ples was de ter -
mined us ing par ti cle-in duced X-ray emis sion. Max i mum nat u ral ra dio ac tiv ity con cen tra tions
of 226Ra and 40K were found in khol and make-up cos metic sam ples, re spec tively. The qual i ta -
tive anal y sis of cos metic sam ples showed that lead is the most toxic el e ment found in eye brow
paint sam ples.
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IN TRO DUC TION

The use of tra di tional cos me tics has a long his -
tory of over 10 thou sand years when an cient Egyp tians 
dis cov ered the heal ing abil i ties of scented oils and
black eye make-up. When cos me tics found their way
out of Egypt, the in dus try flour ished and be came an
im por tant part of ev ery day life. Even though some of
the cos metic in gre di ents are poi son ous, the use of cos -
metic prod ucts spread with time and is con nected with
many be liefs and tra di tions. For ex am ple, there was a
pe riod in Rome when women were not con sid ered
beau ti ful if they did not use cos me tics. From time to
time, cos me tics elic ited a sim i larly harsh treat ment in
other civ i li za tions as well. For ex am ple, in China com -
mon peo ple were ex e cuted if they were caught wear -
ing nail pol ish in pub lic, and in Ja pan, no ble women
were for bid den to walk in pub lic with out full-body
cos metic treat ment [1, 2].

An an cient cos metic eye make-up called kohl
(also: kuhl, kohhel, kohol, cohol, surma, cohol, and
kajal)  is widely used in south Asia, the Mid dle East,
and Af rica to darken the eye lids and eye lashes by mas -
cara. It is worn mostly by women, but also by some
men and chil dren to make them at trac tive. Kohl is a
mix ture of soot and ga lena. Ga lena is a blue-grey nat u -
ral min eral form of lead sul fide. There is also green eye 

make-up made from mal a chite, a cop per ore, a car bon -
ate min eral, cop per car bon ate hy drox ide, which has a
very vi brant green color. As for eye make-up or rouge,
the Egyp tians used a pig ment that is made from nat u -
rally tinted clay called red ochre. An other tra di tional
prod uct with re li gious as so ci a tions widely used by the
Egyp tians over the cen tu ries for cos metic and med i cal
pur poses was henna. In or der to en hance its ef fect and
give it a more vi brant color, var i ous herbs and other
sub stances are to this day added to henna. In an cient
times henna served as nail pol ish prior to mum mi fi ca -
tion. Sev eral con tem po rary fa cial cos me tics con tain
heavy met als (lead, cad mium, chro mium, nickel, zinc,
and iron). An cient cos me tics were pre pared us ing lead
palmitate (C32H62O4Pb). 

Lead is toxic, mainly en ter ing the body through
oral in ges tion, in ha la tion of lead dust or by skin/hair
ex po sure. Any fluc tu a tion in the nor mal level of lead
brings spe cific phys i o log i cal dis or ders. Lead can
reach the brain di rectly, es pe cially via eye brow paints,
be cause eyes are very sen si tive. Chil dren are more
sus cep ti ble than adults to lead in tox i ca tion. The blood
lead level in chil dren is con sid ered poi son ous if it ex -
ceeds 70 mg/dl. It may con trib ute to a re duc tion in
preg nancy length and low birth weight. In adults,
prob a bly the most crit i cal ef fect of lead is hy per ten -
sion. Nu mer ous re ports and re search pa pers have
shown that lead af fects al most ev ery sys tem of the
body, caus ing life long ad verse health ef fects. It is also
known that skin-ab sorbed lead might not be de tect able 
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in the blood by the usual tech niques. Thus, in some
cases, skin ab sorp tion of lead may re main un de tected.
The crit i cal ef fects of lead risk-as sess ment have been
de fined as the de vel op ment of neurotoxicity in young
chil dren, car dio vas cu lar ef fects, nephrotoxicity, and
re pro duc tive ef fects in adults. The con tin u ous ap pli ca -
tion of cos me tics may over time lead to health prob -
lems such as neu ro log i cal dam age and in creased risk
for lung can cer and stom ach tu mors. Lip stick and eye
cos me tics pro vide a di rect in take path of trace met als
into the body. A ma jor source of lead tox ic ity has been
de scribed by eye cos me tics in Ara bian coun tries [3-6]. 
This has re sulted in a grow ing in ter est for the role of
lead pres ent in hu man bi o log i cal systems. 

Since no data on a thresh old for crit i cal lead-in -
duced ef fects ex ist, mea sures must be taken to limit hu -
man ex po sure to lead by all pos si ble means, in clud ing
the con trol of the lead con tent in con sumer prod ucts
[7-9] in use at pres ent. There fore, in the study pre sented
here, the con tent of lead in cos metic prod uct sam ples
col lected from var i ous coun tries was de ter mined. In ad -
di tion to lead el e ment quan tity, nat u ral ra dio ac tiv ity el e -
ments for 226Ra, 232Th, and 40K were also de tected.

The trace el e ments in cos me tics are de ter mined
us ing neu tron ac ti va tion anal y sis (NAA), la ser
desorption ion iza tion and electrospray ion iza tion mass
spec trom e try, syn chro tron ra di a tion mi cro X-ray dif -
frac tion, atomic ab sorp tion spec tros copy, atomic ab -
sorp tion spectrophotometry, de riv a tive potentiometric
strip ping anal y sis, syn chro tron-based in fra red mi cros -
copy, en ergy dispersive X-ray anal y sis (EDAX), in duc -
tively cou pled plasma-op ti cal emis sion spec trom e try
(ICP-OES), and cold va por atomic ab sorp tion spec -

trom e try. The pro ton X-ray emis sion (PIXE) method
has been used for trace metal el e ments in lip sticks of
dif fer ent brands [10]. De tec tion lim its for most el e -
ments are in the range of 100 ppb to 10 ppm. Var i ous
coun tries have pre pared guide lines and in cor po rated
them into their legislations. Now a days, the per for -
mance of a cos metic prod uct is eval u ated by its lead
con tent.

The aim of this work is to es ti mate nat u rally ra -
dio ac tive lead ra dio iso topes (210Pb, 212Pb, 214Pb), so as 
to as sess the haz ards due to var i ous col ors and tex tures
of cos metic prod uct sam ples orig i nat ing from coun -
tries world wide. The in noc u ous-look ing kohl may ac -
tu ally be the cause of acute lead poi son ing and ra di a -
tion ex po sure from which sick chil dren treated with
tra di tional rem e dies suf fer from. It is also pos si ble that
chil dren ex posed to small and in fre quent amounts of
lead-based kohls may show subclinical lead tox ic ity
and low ered in tel li gence quo tient lev els.

MA TE RIAL AND METH ODS

Prep a ra tion of sam ples

In this study 26 kohl, 15 make-up, and 15 henna
sam ples of var i ous col ors and tex tures from China,
Egypt, KSA, In dia, Iran, It aly, Ger many, Oman, Pa ki -
stan, and Ye men were col lected. Fig ure 1 shows how
the stud ied sam ples are dis trib uted by coun tries they
orig i nate from. Be cause the cos metic ma te rial such as
face pow der and henna look like a fine and rather ho -
mo ge neous dust, we pre pared the tar gets by press ing
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Fig ure 1. Or i gins of cos metic sam ples studied



them to the form of tab lets in a spe cial steel con tainer.
The kohl sam ples were first ground to a fine pow der
and then pressed into tab lets.

Nat u ral ra dio ac tiv ity mea sure ments

Nat u ral ra dio ac tiv ity (con cen tra tions of 226Ra,
232Th, and 40K) in cos metic sam ples was in ves ti gated
to un der stand as so ci ated ra dio log i cal haz ards. The
col lected sam ples were dried at 105 °C  in  an oven for
24 hours so as to com pletely re move the mois ture. Fi -
nally, sam ples were packed into plas tic con tain ers
which were kept sealed for 4 weeks to achieve sec u lar
equi lib rium. This step was nec es sary in or der to en sure 
that ra don was con fined within the vol ume and the
daugh ters re main in the sam ples.

The as say of the sam ples were car ried out with a
gamma ray spec trom e try sys tem con sist ing of HPGe de -
tec tor (Can berra model) with the rel a tive ef fi ciency 40 % 
cou pled with a PC-based mul ti chan nel an a lyzer (MCA)
along with Ge nie soft ware in stalled in the PC. Ge nie
2000 soft ware (Can berra In dus tries, Meriden, USA) was 
used to ac quire and sub se quently an a lyze the in for ma -
tion pro vided. The de tec tor was kept in a cy lin dri cal cav -
ity shielded with 5 cm lead to re duce back ground in
gamma ray spec tra. Head of the de tec tor was placed
nearly at the cen tre of the cav ity. En ergy cal i bra tion of the 
sys tem was done ini tially with 241Am, 57Co, 137Cs, and
60Co gamma ray point sources. Res o lu tion (FWHM) of
the sys tem was 1.9 keV at 1332.5 keV gamma peaks of
60Co point source kept at a dis tance of 10 cm in front of
the de tec tor face. The mea sur ing time ranged from 12 to
24 hours de pend ing on the ac tiv ity. To de ter mine the
back ground counts, an empty con tainer of the same ge -
om e try was counted in the same man ner.

Ac tiv ity con cen tra tions of 226Ra, 232Th, and 40K
in cos metic sam ples are given [11]
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net count rate un der the most prom i nent photo peaks,  e 
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A range of gamma ray tran si tions from a num ber
of  the  de cay  chain  mem bers  of  the 238U and 232Th pri -
mor dial de cay chains were uti lized in or der to ob tain
con sis tent val ues for the ac tiv ity con cen tra tions of these 
nu clei and their de cay daugh ter prod ucts are given  in  
tab. 1. The  gamma ray   tran si tions  of  351.9 keV
(214Pb) and 609.3 keV (214Bi) were used to de ter mine
the ac tiv ity con cen tra tion of the 226Ra se ries. The stron -

gest gamma ray en er gies of 911.1 keV (228Ac) and
583.1 keV (208Tl) were used to de ter mine the ac tiv ity
con cen tra tion of the 232Th se ries in or der to ovoid ex -
per i men tal er rors in the mea sure ments. The ac tiv ity
con cen tra tions of 40K were mea sured di rectly through
the gamma en ergy emis sion at 1460.8 keV. The con cen -
tra tion of 210Pb is be low the min i mum limit of de tec tion.

Fig ure 2. shows a typ i cal gamma spec trum of
some khol sam ples due to nat u ral ra dio ac tiv ity.

PIXE mea sure ments

The sam ples were an a lyzed via the par ti cle-in -
duced X-ray emis sion or pro ton-in duced X-ray emis -
sion (PIXE) tech nique. The ex per i ments were car ried
out at the Van de Graff ac cel er a tor, Joint In sti tute of
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Ta ble 1. Gamma ray en er gies and their emis sion
prob a bil ity used for ac tiv ity con cen tra tion
determination

Radionuclide Energy [keV] Intensity [%]

 238U series
226Ra 186.0 3.2
214Bi 609.3 46.2

768.4 5.0

1120.3 15.1

1238.0 5.9

1764.0 15.8
214Pb 295.2 19.2

351.9 37.2

 232Th series:
228Ac 338.0 11.3

911.1 27.7

969.1 16.6
212Pb 238.6 44.6
208Tl 583.1 30.0

2614.5 35.6

Fig ure 2. Gamma ray spec trum of a se lected khol sam ple
with the high est nat u ral ra dio ac tiv ity con cen tra tions



Nu clear Re search, Dubna, Rus sia, and a 2 MeV pro ton 
beam was ap plied for the anal y sis of the cos metic sam -
ples. The sam ples were placed in the vac uum cham ber
and po si tioned un der the beam, with out dis rupt ing the
vac uum. The di men sions of the beam were lim ited by
a 1 mm-di am e ter ap er ture placed in front of the tar get
at a dis tance of 125 cm. The beam cur rents were typ i -
cally in the range of 1-2 nA.

A spe cial Al maiden cham ber with a my lar win -
dow of thin Al coat ing was used to make pos si ble the
ob ser va tion of X-ray spec tra up to the least en ergy with -
out col lect ing the scat tered charges. The pho tons emit -
ted by tar get X-rays were col lected with a Si(Li) de tec -
tor placed at 90 ° to the in com ing beam at a dis tance of
75 mm from the tar get. A tan ta lum di a phragm of 4mm
in di am e ter and 0.5 mm thick placed in front of the be -
ryl lium win dow of the de tec tor de ter mined the solid an -
gle of the X-ray de tec tor and ex cluded the “bor der-ef -
fect”. The en ergy res o lu tion of the “Ortec” Si(Li)
de tec tor was 160 eV at the en ergy of 5.9 keV. Both
X-ray spec tra and back scat tered ions were reg is tered si -
mul ta neously, with a con ven tional spec trom e try set-up.

In or der to get the el e men tal con cen tra tion of
lead in cos metic sam ples knowl edge of the ab so lute
sen si tiv ity of the spec tro scopic sys tem is re quired
which, in terms of fun da men tal pa ram e ters, can be ex -
pressed as [12]

W( ) ( ) ( ) ( ) ( )E
N

qA
Z Y Z Z E= a

K k kis d e (3)

where sK (Z), Yk (Z), and (i = a, b) are, re spec tively,
K-shell ion iza tion cross-sec tions, flu o res cence yield
and line frac tions. e (E) is the ab so lute ef fi ciency func -
tion of the de tec tor, Na – the Avo ga dro num ber, q – the
el e men tal charge, and A – the atomic mass of the Z-el e -
ment. The sen si tiv ity per unit of charge and per unit of
mass sur face den sity was de ter mined by a set of
N-stan dard cer ti fied sam ples in the en ergy re gion of
in ter est and the fit ting func tion ob tained from the
N-stan dard sam ples.

The con cen tra tion of the Z-el e ment, C, de fined
as the quo tient be tween the el e men tal mass and the to -
tal mass of the sam ple, was cal cu lated us ing

C
E
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F
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where F(Eki) rep re sents the net num ber of counts in
the Ki peak (i = a, b), Q is the col lected charge at the
Far a day cup, and m the mass per unit area. 

RE SULTS AND DIS CUS SION

Nat u ral ra dio ac tiv ity

The av er age ac tiv ity con cen tra tions of 226Ra,
232Th, and 40K in [Bqkg–1] for the in ves ti gated sam -
ples are pre sented in tab. 2. Note that no other
radionuclides other than those nat u rally oc cur ring
were de tected in cos metic sam ples un der in ves ti ga -
tion. The av er age ac tiv ity val ues of 226Ra, 232Th, and
40K in khol, make-up and henna types are lower than
the cor re spond ing quoted world val ues. The max i -
mum safe world val ues of 226Ra, 232Th, and 40K ac tiv -
ity con cen tra tions are 50, 50, and 500 Bq/kg,  re spec -
tively [13, 14].The av er age ac tiv ity of 226Ra in khol
sam ples is higher than the world mean value. This is
due to the high ra dio ac tiv ity of raw ma te ri als. Ac tiv ity
con cen tra tions of 232Th for all sam ples are lower than
the 226R ac tiv ity con cen tra tions. It can thus be seen
that, in com par i son to other iso topes, 40K con trib utes
the most to ac tiv ity. This may be due to the pres ence of
po tas sium with high con cen tra tions in the route ma te -
rial of the makeup sam pled.

Lead el e ment

PIXE tech niques were em ployed for the de ter -
mi na tion of ma jor, mi nor and trace el e ments in the in -
ves ti gated sam ples. The com par i son of lead con tent in
cos metic sam ples is given in tab. 3. This tech nique
pro vides in di rect de ter mi na tion of the used sam ples.
In fig. 3, it is clear that most of the lead lines are de -
picted (K and L se ries). Lead is very toxic, es pe cially
when eyes are ex posed to it. Con se quently, it pen e -
trates the brain di rectly. In fig. 4, make-up sam ples,
most of the el e ments are light el e ments such as Zn, Cl,
Si… etc., but no toxic el e ments are pres ent. Fig ure 5. is 
the spec tra of henna. Lead dis tri bu tions among in ves -
ti gated cos metic sam ples are show in fig. 6. Due to the
sig nif i cant dif fer ence in lead con tent be tween the
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Ta ble 2. Av er age ac tiv ity con cen tra tions of 226Ra, 232Th,
and 40K (in Bqkg–1) for the in ves ti gated cos metic sam ples

Material 226Ra 232Th 40K

Khol 160 ± 12 45 ± 12 320 ± 17

Make-up 40 ± 18 35 ± 10 739 ± 19

Hena 33 ± 17 26 ± 12 301 ± 22

Ta ble 3. Com par i son of lead con tent in cos metic samples

Material Total
sample

No. of samples
Pb mg/kg < 0.5

No. of samples
0.5 < Pb mg/kg < 1

No. of samples
1 < Pb mg/kg < 2

No. of samples
2 < Pb mg/kg < 3

No. of samples
Pb mg/kg >3

Average
(±SD) mg/kg

Khol 26 2 (7.69 %) 3 (11.5 %) 4 (15 %) 3 (11.5 %) 14 (53.8 %) 3.80 (0.78)

Make-up 15 15 (100 %) – – – – 0.15 (0.01)

Hena 15 5 (33.3 %) 2 (13.3 %) 3 (20 %) 4 (26.7 %) 1 (6.76 %) 1.43 (0.38)



three cat e go ries, the de tected lead level range was also
sep a rately in ves ti gated for cos metic prod ucts. All
stud ied make-up sam ples con tained less than 1 mg/kg
of lead. Two sam ples of henna and three of khol
amounted to less than 1 mg/kg of lead. These re sults
show  the mean value for lead in khol (3.8 mg/kg ±
±.0.78 mg/kg), make-up (0.15 mg/kg ± 0.01 mg/kg),
and henna (1.43 mg/kg ± 0.38 mg/kg). Our study has

shown that khol has high lead tox ic ity in com par i son
to make-up and henna cos me tics. There fore, the use of
khol in cos me tics should be avoided and an ac cept able
level of lead con tent de fined in or der to con trol as so ci -
ated haz ards. At this mo ment there are not sharp de -
tails for per mis si ble lev els of haz ards in cos metic
prod ucts and this why we still re search the haz ards
from many sides.

CON CLU SION

The re sults of this study clearly show the haz ards 
of the lead de tected in cos metic sam ples. Higher con -
cen tra tions of lead in kohl than in make-up and henna
sam ples were re flected in high lev els of lead in reg u lar
kohl us ers. There fore, it is rec om mended that only
lead-free cos me tics should be mar keted and used to
avoid the haz ards of lead tox ic ity. The pre ven tion of
lead poi son ing is im por tant and ne ces si tates the pro -
mo tion of ed u ca tional pro grams which en hance lo cal
aware ness of the haz ards of lead-con tain ing tra di -
tional cos me tics. The high est ra dio ac tiv ity con tri bu -
tion due to 40K was found in the cos metic sam ples.

AU THOR CON TRI BU TIONS

Ex per i men tal anal y sis of the sam ples was car -
ried out by M. E. Medhat and figures were pre pared by
M. E. Medhat. The manu script was writ ten by M. E.
Medhat and V. P. Singh. The au thors col lec tively an a -
lyzed and dis cussed all of the re sults ob tained.
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PROCENA  OPASNOSTI  OD  OLOVA  I
RADIOAKTIVNOSTI  U  KOZMETI^KIM  PROIZVODIMA

U radu je prikazano ispitivawe procene opasnosti od olova i prirodne radiaktivnosti u
kozmeti~kim uzorcima sakupqenim iz razli~itih zemaqa. Ovi uzorci su: puder za lice, boja za
obrve i hena. Prisustvo olova u kozmeti~kim uzorcima odre|eno je primenom ~esticama
indukovane emisije X-zra~ewa. Maksimalna koncentracija prirodne radioaktivnosti 226Ra
prona|ena je u kolu, a 40K u uzorcima {minke. Kvalitativna analiza kozmeti~kih uzoraka pokazala
je da je olovo najtoksi~niji el e ment prona|en u uzorcima boje za obrve.

Kqu~ne re~i: tradicionalna kozmetika, olovo, ~esticama indukovana emisija X-zra~ewa, kol


