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ABSTRACT

An effort was nmade to study the chem ca
conposition of commonly used eyeliners in Zaria and
Kano, and to study the associ ated bl ood |ead changes
In patients attending Ahnadu Bello University S ck Bay
and Ahnmadu Bello university Teaching Hospital Zaria,

for various nedical ail nents.

Physi cochem cal nethods were used to anal yse the
Kuali sanples. The colour (grey and black for white
and bl ack Kuali respectively), physical appearance
(solid), and melting/deconposition point of the Kuali
sanpl es has been noted. The conposition of the Kuali
sanpl es had been ascertained on the basis of classica

anal ysis, spot tests and atom c absorpti on spectrophotonetry.

The results of the atom c absorption spectrophotonetry
reveal ed the presence of lead zinc, copper, antinony,

tin, arsenic, manganese, cadmum silver, iron and nickel.

Vol unetric and gravinetric anal yses were performnmed
for the estimation of nonnetals. The nonnetal s found

were fluoride, chloride, bromde and sul phur.

The concentration of lead in each of the four
sanples is |ow conpared with other netals in the
sanpl es. Sul phur has the hi ghest concentration in al

the nonnetal s present.
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Bl ood- | ead concentrations were nmeasured in
thirty patients of whomtwenty were using kual
and ten were nonusers of it. The nean bl ood |ead
concentration of the twenty people using the kual
is 90.05 ugl00m "* conpared with 29.70 ugl OO !

in the ten people who are not using the kuali.
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CHAPTER _ONE

1.0 INTRODUCTTION

- -

1.1  POLLUTION; LEAD AS A POLLUTANT

Lead was not known to be a toxic substance in the
past centuries and people used lead and its compounds
freely, Series of researches have shown lead and its
compounds to be very toxic and could be absorbed by the
body, It is a toxic heavy metal which has been found
to be one of the major pellutants in the environment

(1 - "4)-

Pollutant is a substance which adversely alters the
environment by changing the growth rate of species,
interferes with the food chain ond interferes with health,

comfort, amenity or property values of people (5).

1.2 SOURCES OF LEAD TOXICITY IN ADULTS

The major type of pollution caused by lead is fram

automobile exhausts.

Tetraethyl lead is added to gasoline as an
antiknocking agent; phasing out of lead compounds with
gasoline has resulted in alarmingly high levels of lead

in the environment (6).

It has been reported thot the atmospheric lead

which occurs in particle sizes is readily retained in the



respiratory tract. Reports have also indicated that the
soluble lead compoundsof the proper particle size can
rapidly be absorbed through the mucous membrane of the
respiratory tract, People living near the ruadside have
higher blood-lead concentration than people living far

away from the roadside (7).

The lead alkyl compounce in petrol may separate out
in petrol-storage tanks over a period of years and
concentrate to toxic levels in the sludge material that
accumulates in the bottom of such tanks. Studies have
shown that the people engaged in the cleaning of the tank
were still found to have lead alkyl poisoning despite the

provision of safety equipments for use (8).

Peterghem et. al,, (9) carried out a study in which
the blood lead concentration of technicians working with
lead containing lubricants and of assemblers working in
a cold mill department were measured and compared with values
for men not occupationally c:iiposed to lead, The results
showed that these values were in general towards a higher

side in people working with the oils,

1.3 CSOURCES OF LEAD TOXICITY IN CHILDREN

A child born to a mother with high level of lead in
the blood may have a significant level of blond--lead

concentration as a result of transplacental lead transfer



leading to neonatal plumbism or even cbortion. However,
the common sources of childhood plumbism include household
dust, chewing lead paints used on toys, cots, bedrails,
furniture, indoor paints, licking decorators, paint
brushes in addition to other sources like water supply,
cooking vtensils and food., Findings also confirmed that
the occurence of excessive lead abscorption in children
is increased by household proximity to major urban
highway or heavy traffic density (6). The inhalation

of automobile exhaust is one of the important factors

in the etiology of childhood lead poisoning in urban

areas (10).

1.4 LEAD METAPOLISM AND ITS TOXICITY

The usual dietary intake of lead in adults averages
about 0,30 mg; out of this about 90¢ passes through the
intestinal tract and is not absorbed., The usual respiratory
intake of lead 1s estimated between 5 .- 50 ug of lead per
day. About 91% of the body lead is stored in the bone in

a manner similar to calcium as lead carbonate.

Normal faeces may contain up to 0.28mg of lead per
gm and normal urine up to 0.027 mg per litre per twenty
four hour sample. Normal person may have concentrations
of lead up to 0.,03mg per 100ml of blood; lead is
transported in plasma as insoluble lead phosphate (11),
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Studies in adults revealed that as the sustained
daily intake of lead rosc above one mg per day, the
levels of lead in the blood bccame higher; metabolic,
functional and clinical rcsponses followed. One of
the best known adverse effects of lead is its inhibition
of the activity of enzymes that are dependent on the
presence of sulfhydryl (~80) groups for their activity
(10, 11). Lead affects the Acetyl co-enzyme A& cycle
interfering with the glycine metabolism. In particular,
lead interferes with the formation of haemoglobin by
impairing the utilization of iron in the bone marrow and
shortens the 1life span of rcd blood cells thus resulting

in anzemia.
|

5
Brain cells may be dircectly injured or thelr functions
inhibited by lead. Since the €itric acid cycle is of
parameount importance in the metabolism of brain the
inhibition of the pyruvate and other oxidative system by

lead will seriously interfere with the energy supply to

the brain cells {11).

The earlier symptoms of lead poisoning are often
unrecognised, Vague muscular pains, fatigue and muscular
weakness precede the onset of classical symptoms of lead
poisoning which include constipation, vomiting,abdominal
colic, metalllc taste and muscular paralysis by some
weeks, and cerebral symptoms which include unconsciousness,
optic atrophy, mental retardétion in children and

psychosis (12 -~ 15).



Lead exposure at doses below those producing
symptoms appears to be associated with neuropsyehologic
deficit that may interfere with classroom performance of .
a child (16). David et. al., (17) had described that
lead poiscning can produce a variety of effects in children;
this may range from acute fatal toxicity or severe organic
disability or relatively minor alteration in perception

or corsnition.

In adults a massive single dose of lead can result
in death or severe brain damage and in many cases a
chronic exposure to lead may result in a severe brain

damage (17).

Hannier (18) described psychological changes from
lead poisoning as slowness of performance, psychomotor
disturbances, slight intelligence defects and personality

changcs.,

In the past,clinical lcad poisoning was widely
believed not to happen when the lead concentration
in the blood was between 20 and 80_pg100m1"1,m;Findings
alsc showed that mild symploms might pe found in the presence
of lead values between 60 and 80 pg100m1'1 in the blood,
As the level of lead in the blood rose above Bolpg100m1'1,
the risk of some symptoms increased sharply(n),In the
absence of symptoms in children, blood-lead levels
exceeding 80 pg100ml™' calls for immediate treatment and

separation of the child from the source of lead,
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The W.H.0 has reported that occupational and
environmental standards should, wherever possible,
be based directly on mortaliiy and morbidity rate (19).
A value of 2&.4_pg100m1'1 iz taken as normal for an ‘

1

occupationally exposed adult, whereas 55 uglOOml™ = is

abnormal (20),
i
An increased abdominal pain was found at a lead

! and fatigue at a

level greater than 110 uu100ml”~
value greatcor than 120.p.g100m1"1 (20). There is a
general tendency for a higher average lead content in
younger pecple and a lower lead content for those

people who had passed middle age (21).

Subclinical lead poisoning results from level of
lead not sufficient to produce symptoms of clinisal
poisoning, but encugh to impair health and behaviour,
Clinical lead poisoning was widely believed not to
happen when the blood lead concentration is less than
80,pg100m1-1, this may well he true, but it does not
follow that lower levels are vithout effects, that is,
lead polsoning could be subclinical, Haem synthesis
may be impaired in the absence of symptoms at blood-lead

level as low as 20 pg100m1"1 (22).

Results of other findings showed that subclinical
nerve damage could be detected in lead workers with no

clinical nsurelogical symptoms (23, 24).



|
o

4.5 AIMS AND OBJECTIVES OF THIS WORK

The relationship between pollution and lead
intoxication has recently olirccted considerable
attention (18, 25)., The review of literature showed
a few instances of cosmetic plumbism (26, 27). There
is hardly any report from African or Asian countries
to this effect, where eycliners are widely used
traditlionally either as a principle of hygiene,rgiief
of eye strain, increase ﬂn visual acuity, or for e

cosmetic reasons.

In Nigeria, kuall is a naturally occuring mineral
that is commonly used as a black eye=liner. It is
usually applied to the conjumctival surfaces and to the
eyelids by the teenage girls, young children, and =~ o=
women., The effect of long exposure to lead on childhood
development and mainly on pregnant women, due to lead
containing cosmetics is of poarticular concern for health
reasons, when there is no leogal restriction on the

trade of lead containing cosmotics.

Therefore, a need waz felt to analyse the commonly
used naturally occuring llualis® -~ a mineral used as
a black eyeliner, and to study the associated blood lead

changes 1f any.



The following analytical studies have been carried

out,

(1) Qualitative and ouantitative analyses of

some kualis,

{2) Analysis of the amount of lead in the blood

of some people using the kualis.

(3) 4Analysis of the amount of lead in the blood

of some people who are not using the kualis.

In order to achieve thcse cobjectives, kuali samples

were purchased locally at !.10 and Zaria markets.

Whole blood samples from twenty women who were kuali
users and ten men who were lluali nonusers in the age
group of 20 to 30 years, aticnding ABUSB and ABUTH Zaria
for various medical ailments were collected and analysed;
care was taken to include only those cases where the
possibility of lead ingestion was ruled out, Blood

samples were not collected from the following people;

1o Those who were moechianics, or painters by
profession, since the concentration of
lead in their blood could be raised slightly

due to the nature of their work.

> Feople living close to the main road.



The kuali samples were subjected to chemical
analyses using atomic absufption spectroscopic,

volumetric and gravimetric methods.

Blood samples were subjected to chemical analysis

using atomic absorption spectiroscopic method,
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2,0 SAMPLING AlID ANALYSIS

2.1 Sampling technique.

The technique used for sampling is very important
in any analysis since this will affect the reliability
of the result. The samplc for analysis must be
representative of the whole anterial tec be analysed.,

A poor sampling system will not give a reliable result,
The basic aim of samplin~ includes the following:~-

(i) to obtain a sample vhose concentrations
of determinants arc¢ identical to those
in the sample ol interest at the time
of sampling,

(1i) to ensure that the concentration of the
determinants in tne samples will not

change between saupling and analysis,

To achieve the aims above, a survey was conducted
on sixty people mostly women who are using eyeliner,
and questions were asked on the different types of
eyeliner used before the blood samples were collected

from some of them.
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2.2 TIME INCERVAL BETWEEN SAMPLING AND ANALYSIS

i i ' . . -
The reliability of the analytlcal result also

depends on the {time interval between sampling and
analysis., It is always better to carry out the
analysis within certain time of sampling. It is
also good to specify the maximum tolerable period.
The time interval between the collection of blood

samples and analysis was not more than seven days(35),

2,3 SAMPLA CONTAINERS

The relicbility of the results alsa depends on
the sample container used since this will affect the
stability of the sample., A sample container that will
introduce mininmum contaminants or none to the sample

should bhe used.

Sterile disposable syringe and needle have been
found to be suitable for the collection of blood
samples, and pyrex sample bottles are ideal for storing

the blood samples,

In order not to contaminate the blood samples,
the sample botiles should be of a minimum size, that
is minimum ailr space should be left on top of the
blood sample, for example, a 2.0ml or 2,.5ml sample

bottle should be used for storing 2ml of blood,
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2.4 SAMPLZ PRESERVATION,

A sample needs good preservation so that the
composition of the sample dees not change between
the time of samnling and analysis, Some reacticns
can occur in ithe sample, which may affect the
composition of the sample, if it is not preserved

properly,

To prevent the blood from clotting, an
anticoagulant wae added (10% EDTA). The blood
samples were lept in the freezer as soon as they

were collected before the time of analysis,

2.5 THE EYELINIRS STUDIED

Most of the people using the eyeliner have been
using it from their youth, There are different types
of eyeliners, these include the Kuali, eye brown
pencil and some others, The one commonly used is
kuali., There are different types of kuali, there is
the 'white type', the 'black type' and the 'Arabian
type'., Most of 1he people interviewed said they

used the Kuali os cosmetics and fur eye ailment.
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2.5,1 L3S IPTION OF SAMPLES

— o w -

Name of Sample,

They arc commonly called Kuali in Hausa language,

Tiro in Yoruba language and Otanjele in Ibc language.

Purchase of sample,

Four Kuzli camples were bought,

First Sample:

The firust sample is the white type of kuali,
bought in 3abon-gari market Zaria., It is opaque,’
metallic grey and brittle, It is normally sold in

lumps each of about 9 = 10g. Five lumps were bought,

Second Samplc,

The second sample is als> the white type of kuali,
bought in Szbon-gari Market Kano. It is opaque
metallic grey and brittle., It is sold in lumps of

about 5 - 6g each, Ten lumps were bought.



1

Third Sample.

The third sample is the black Kuali, it was bought
in Sabon-zari market Kano. 1. is opaque, brittle and
black in colour, It is sold ia lumps of about 8 - 10g
each, 3ix lumps were bought. The black Kuali is not

available in Zaria market,

Fourth sample,

The fourth sample is the wnite type of Kuali called
'Arabian type! because it was packed in Saudi Arabia,
It was bought in Sabon-gari uarket Zaria, It has been
ground and it is normally sold in small bottles of about
3 ml volume, About 3g of the uali is in one bottle;

six bottles were bought,

T e

2.5.2 PHYSICAL APPEARANCE O SAMPLES.,

The pysical appearance oi the four samples were
studied thoroughly and each oi the samples was put in
oven for two hours at 10000, after which their appearances

were studied.
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2.6 PHYSICAL _ TESTS

2.6,1 GOLUBILITY

The sclubility of the four samples were tested 1n
the following:
(i) Cold and hot .ater,

(ii) Concentrated uand dilute nitric, sulphuric,
perchloric, Lydrochloric, land acetic

acids,
(iii) Aquaregia,

(iv) Some organic solvents, such as 95% ethanol,
absolute ethanol, chloroform, liguid

parafin,

2.6,2 CONDUCTANCE

The conductance of the simples could not be measured

due to their insolubility in vorious nonpolar solvents,

2.6,3 EELTING/DECOMPOSITIOE;}CINTg

The melting/ﬁecomposition pointgof the four samples

were measured,



- CHEMICAL TESTS

2.7.% FLAME TEST.

Some grains of each ol the four samples were mixed
with 2 drop of concentrated aycdrochloric acid and
introduced into the flame with a platinum wire which
had been cleaned with concenirated hydrochloric acid

(29, 38).

2.7.2 QUALITATIVE ANALYSIS

Qualitative analyses vcre performed on the Kuali
samples, by using the clas:icsl analysis (29, 40) and
spot test methods.

2.7.3 OUANTITATIVE ANALYSIS

Quantitative analyses were also performed on the
Kuali samples by using atoiic ubsorptiom spectroscopic,

gravimetric and volumetric umethods,

2.8 SPOT TEST. (28, 40)

2.8,1 PRINCIPLE OF SPOT 330

'Spot test analysis' iz a term which refers to
censitive and selective test based on chemical reactions

whereby the use of a drop ¢f the test or reagent solution
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is an essential step., The tests are microanalytical
or semi-microanalytical in nature and are applicable
for the investigation of both inorganic and organic

compounds .

Spot tests are ordinarily run by using one of the

follovin techniques.

i |® By bringing togecther one drop each of
the test sclution and reagent on porous
and non~porous supporting surfaces such

as paper, glas:., or porcelain,

2. Ry placing a drop of thc test solution
on a medium imprc¢; nated with appropriate

reagents (filter paper, asbestor gelatine),

b 13 By placing a drop of recagent solution

on a small quantity of the solid specimen.

b, By subjecting a dirop of reagent or a
strip of reagent vaper to the action
of liberated gases Ilrom a drop of the
test solution or from a minute quantity

of the solid specimen,

In spot test analysis, cach of the cations and

anions has its own principle of detection, since. they
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can be detected with different reagents and under
different experimental conditions, so the principle
of each of the metals detccted will be discussed

briefly, before discussing the experimental procedure,

Iin.

The detection of tin ic bused on the fact that
stannous chloride can react . ith phosphomolybdic acid
and its salts, and reduce them to 'molybdenum. blue!
which is a colloidal dispcrsed mixture of lower

molybdenum oxides,

Antimony.

The principle is based on the fact that antimony III
salts have the property oi rcducing phosphomolybdic acid
to 'molybdenum blue' when warmed, but unlike tin, they
react with free phosphomolybdic acid or its soluble

salts and not with insoluble phosphomolybdates.,

The test 1is carried out in the solution obtained
by warming the precipitate (residue I) with 1:1 HC1
(Section 2.8.3). In this solution, the antimony is
always present as the trichloride, and the tin as
tetrachloride, so that the tin coes not interfere with

the test,



Silver,

It is based on the fact that on mixing manganese
and silver solutions with alkalis, a black precipitate
will be formed. The black precipitate consist of

mancanese dioxide and metollic silver,

The reaction takes place in very low silver ion

concentration.

Lead.

The test for the detecticn of lead is carried out
with dithizone (diphenylthiioc:rbazone). Dithizone I
precipitatesthe red inner .ouplex lead salt(II) from

neutral solution,

NH-NH-CGH5
S =C

~
=

N=}N - CUHS

(1)
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Copper.
The test was carried oul yith benzoinoxime.

Benzoinoxime (1) behaves towards copper ions as
a dibasic acid in that it forms, in neutral or ammoniacal
solutions, a green amorphous precipitate of copper

salt with structure 11,

(1)

Ll
\/

(11)

The benzoinoxime reacticn wos carried out after
the recidue has been taken uyu in a drop of dilute

hydrochloric acid,

Cadmium,

The reagent used for the test was di-pe-nitro-

phenylcarbazide, Cadmium hydroxide can be coloured
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brown by di-p-nitrophenylcurbazide(I); on standing
for somz time, the colour changes to green-blue; this
is because the carbazide is oxidized to carbazone(II),

The colour change is acceler-ted by formaldehyde,

////NH - NH - C6HQ(NO2)
0O =2C

=5

NH - NH - CGHA(NOZ)

(1)

/NH - NH - “'6“4(”02)

0 =C
N = N— Cglil;, (NO,)
(11)
Ilron,
The presence of iron cun be detected with potassium

thiocyanate, Iron(III) ions ruact with thiocysnat

ions in =ze¢id solution to vield »n red colour of ferri-

thiocyanate ion,



Nickel.

The test for nickel wos cirried out with
dimethylglyoxime(I). 1In chie presence of large amount
of nitrates and other oxidizing agents, small amount
of nickel 4is not precipitated, A red precipitate of
nickel dimethylglyoxime(Il; is formed in an alkaline

solution of nickel salt and dimethylglyoxime,

CH3.C = NOH

CHB.C = NOH

(1)

(11)

The test was carried outl with dithizone,
(diphenylthiocarbazone), ilithizone forms insoluble
purple-red complex salts with zinc salts. The purple-red
zinc salt, which can be formed in neutral, alkaline and
acetic acid solutions, is soluble in carbon tetrachloride

without change in colour,



The presence of arsenic sas detected with the
soluticn cf stannous chloride., Compounds of arsenic(III)
and arsenic(V) can be reduced to arsenic by solutions
of stannous chloride which iy strongly acidified with
hydrocnloric acid, The arsei.ic separates as a brownish
black precipitate, The reduction was accelerated by
heatinz, As a result of thce fact that some arsenic
compounds are volatile, the arsenic was converted into

a heat resistant magnessium pyroarsenate.

Floride,

The test was carried out with zirconium alizarin
solution, The addition of clizarin or -clizarin
sulfonate to dilute solutions of zirconium chloride
containing hydrochloric acic results in a red-violet
colour duc to the formation of hydrosols of zironium
compound with these dyestuiis, The dispersions turn
yellow as soon as they are trested with excess
fluoride, The zirenium combined with fluoride to

form a complex [ZrFé;lz" aitions.

Bromide
—————— - s

Bromide was detected by “luorescein test.

Free bromine converts thc yellow dye fluorescein(I)

into red tetrabromofluorescein (eosin)(II1), To carry
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out this test for bromide, the bromide must be oxidized
to free bromine, The liber~tion of bromine from bromides
takes place on prolonged neating with an acetic acid -

hydrogen peroxide mixture in the presence of fluorescein,

The test was carried out by the precipitation of
silver cohloride, Bromides and iodides wereoxidized to

bromine -nd iodine respectively, upon the addition of
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hydrogen peroxide, If thiz oridation is conducted
in the presence of 8~hydroxyquinoline (oxine) this
phenolic compound is broauinated or iodized by the
free hologen, The acid sclution of the halogenated
oxine does not react with cLilver nitrate and
consecucntly only the unchanped chloride ions will

be precipitated as silver chloride,

Sulphur, (sulphite)

culphites and free sulpoorous acid even in
concentrated solutions give only a pale-red colour
with sodium nitroprusside, The colour is appreciably
decpened by the addition ot o saturated solution of
zinc sulphate or nitrate and & few drops of a potassium
ferrocyanide solution, then = red precipitate is

formed,

Instrument and Apparatus.

Spot plates
2% Silica crucibles Z.%cm internal diameter,

¥a Grinder. Herbert Alexander, FEngland,
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Reagents.

The reagents used werec cither of analytical grade

or spot test grade.

; . Hydrochloric acid (5.G.1.18)
e Nitric acid (2.u.1.,42)

e Sulphuric acid (£, .1.84)

b, Acetic acid glaciel

S 5% phosphomolybulc ncid

6. Ammonia .concentr:ted

Ta Potassium hydroxide 4M

8, Sodium hydroxide 10%

9, Manganese nitratc soluticn 0,05M
T0. Potassium cyanide 10%

1. FPotassium thiocyanate 1%

12, Stannous chloride

13, Magnessium chloride zolution 10%
14, Hydrogen peroxide

15, Sodium nitroprusside solution 1%
16, Zinc nitrate

17. Potassium ferocyanide sclution 0.5
18, Silver nitrate 10

19. Dithizone solution 0,001%

20, Benzoinoxime 5%

21 Di=p-nitrophenylcarbazide 0,1%
22, Formaldehyde 405!

2%, Dimethylglyoxime sovlution 1%

24, 8~hydroxyquinoline (oxine)

25, Fluorescein solution 1% -~ prepared by dissolving
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1g of fluorescein dye in 100ml of
70% ethanol.

26, Zirconium=alizarin zclution:- prepared by
digesting Zirconiws oxide with warm dilute
HC1 and filtered, The filterate was
treated with a slizht excess of an alccholic

solution of alizarin,

Preparation of sample solutions.

In corder to carry outv the gpot test analysis on
the four kuali samples., 'c¢rller cpot method of systematic

analysis of mixtures had h:cn followed,

Procedure,

The first, second and third samples were ground

to = fine powder with a grinder.

i0Omg of the first sauple was carefully weighed
and put in a porcelain dish, 4ml of concentrated
hydrochloric acid and 1ml of conc, nitric acid were added
to the sample in the dish topgether with a few drops of

bromine water,

The content was evaporated to dryness on a water bath.



The residue was taken uwvu vith a little 2M nitric acid,
filtered and washed, The “iltrate and residue were

labelled sclution I and rcsidue I, pespectively,

Residue I was tested lor tin and antimony. A few
drops of concentrated “ydrochloric acid were run
throurh the residue on tne filter paper, and the test
for antimony was made on cthe 2 drops of the filterate,
The rest of the filterate und residue are treated with

zinc chips and tested for iin,

A drop of solution I wuas tested for silver; the
rest was heated with a Jfev drops of sulphuric acid to
white fumes, and the reczicuc was taken up in about 2ml
oif water, filtered and vosied, The precipitate and
sclution were labelled orecipitate 11, solution II,

41 potassium hydroxide wos poured over the precipitate

and the filterate was tcoteoco for lead.

Hydrogen sulphide gas vas passed into solution II
and the precipitate wac Jiltered, The precipitate and
the filterate werc labelli ! as precipitate III, solution
II1 respectively., Precipiicote III was dissolved in hot
2M liitric acid and the filterate got was used to test

for copper and cadmium,

Zolution III was oxidized with bromine water, the

excess bromine was removed by concentrating the solution
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to 2ml, The solution s civided into 2 portions.
One portion was used to test for iron, nickel and
manzonese by suitable spot lests., 2M potassium
hydroxide was added to ihe other portion and it was

used te test for aluminivm ~nd zinc,

The above procedurc s repeated for the second,
third and fourth sample:s, after which the individual
cations were detected in lie four samples by various
tests using the labelled olutious and precipitates

above .

The four samples werc digested in sodium carbonate
solution as described in scction 2.10, and the extracts

were used for the detection of anions,

2.C.5 DETECTION OF CALI0I S AND ANIONS

Detection of tin,

L guantitative filter paper was impregnated with
5% solution of phosphouwolybdic acid and held over
amaonia for a short time, i yellow spot of insoluble
ammonium phosphomolybda.c .ws got, and it was dried,
The filter paper was kept in well stoppered bottles

which was placed in the dark,

A drop of the test solution which has been warmed
with 1:1 hydrochloric acid was placed on the filter
paper, A deep blue coloui was fermed, which confirmed

the presence of tin in the sample,
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Detection of antimony.

£ drop of the test sotution was placed on filter
paper which has bheen impresnated with 5% agueous
golution of phosphomolybdic ncid, and held over steam.
After sbout 2 minutes; o hlue colour which confirmed
the presence of antimony appeared.

|

De@ggtion ol silver,
!

A drop of 0,1M HCL wvas placed on the filter paper,
followed by 2 drop of the test solution in the middle
of moist fleck, and then a further drop of 0,1M HCI,
The fleck whs blackened on the additiocn of a drop of
0.05M manganese nitrate and a drop of 0.1M sodium

hydroxide,

Detection of Lead,

A drop of the test sclution was vigorously shaken
in a small test tube with o drop of carbon tetrachloride
solution of dithizone. J[he green reagent turned to a

brick red colour,

Detection of Copper,

4 drop of the weqllyacidictest solution was treated
on filter paper with a drop of a 5% alcohol solution of
benzolnexime, and held over ammonia. A green colour was

observed, This indicated the presence of copper.
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Detection of Cadmium,

A drop of theacidic test solution was mixed on
a spot plate with a drop of 10% sodium hydroxide and
one drop of 10% potassium cyunide; then, a drop of
0.1% alcoholic solution o di-p-nitrophenylcarbazide,
and two drops of 40% formaldeohyde were added with

stirring, A bluc-green proecipitate was formed,

Deteclion of Jron.

& drop of the test solution was mixed on a spot
plate with a drop of 1% potassium thiocyanate solution,
A deep red colour which coniirmed the presence of iron

was got,

Detection of Nickel,

A drop of the test soluticn was mixed on a spot
plate with 2 drops of saturated bromine water, and after
2 minutes, excess ammonia solution was added, This was
followed by 2 drop of 1% alcoholic dimethylglyoxime

solution, A reddish orange colour was got.

Detect%gg of Zinc.

A drop of the test golution and s drop of a sclution

of dithizone in carbon tetrachloride were shaken together
in a small stcppered test tubes, after about 2 minutes, a

purple-red precipitate was got,



Deteciion of Arsenic,

— -

A drop of the test solution was mixed in a small
silica crucible, with 2 drops of ammonia, a drop of
10% hydrogen peroxide, and o drop of 10% magnessium

chloride sclution.

The mixture was evapor:-ted slowly and then
strongly ignited. The residuc was mixed with 2 drops
of a concentrated stanncu: chloride solution in 35%
hydrochloric acid and warmed ;ently. A brownish-black

precipitate confirmed the presence of arsenic,

Detection of fluoride

A strip of quantitative filter paper was impregnated
with zirconium-alizarin solution, The dried paper was
moistened with a drop of 501 acetic acid and then, a drop
of the test solution was pluced on the moist fleck. A

yellow spot was got,

Detection of Chloride

A drop of the test solution was warmed in a
microtest tube with a drop ¢l oxine solution, a drop
of hydrogen peroxide solucion and microdrop of nitric
acid for about 4 mins, A drop of 1% silver nitrate solution

was added; after about 2 mins, a white turbidity was got.



Detection of Bromide

A drop of the test soiulion was mixed with a
microcdrop of 1% alcoholic {iuorecscein solution, and
a microdrop of 2 10:z1 mixtuire of glacial acetic acid
and 3505 hydrcgen peroxide; e content was evaporated
to drynegs in small silicu crucible cover the water-=bath.
A pinl colour appeared which confirmed the presence of

bromine from bromide,

tection of Sulphite

—

A drop of 0,5M solution of potassium ferrocyanide
was added to a drop of n cecld saturated solution of
zinc nitrzte and then a drop of 1% solution of sodium
nitroprusside was added, /. -"ihite precipitate of zinc
ferocyanide was got; after (his, a drop of the test

solution was introduced., A red precipitate was produced,

4ll the above tests were carried out for the first,
second, third and fourth somples and the results got in

each case are summarized in table 3.4,
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2.9 ATOMIC ABSORPTION 3P, 7. :(METRIC DETERMINATION OF

—— . -

Li&iD, COPPER, ZINC, Ail.:1ONY, IRON; ARSENIC, NICKEL,
CADMIUM, TIN, SILVER ... }IANGANESE. (30, 31, 32,39).

ooooo

Atomic absorption speciroscopy is a technique
which is widely used for metol analysis in biological
fluids and tissues, in environmental samples such as
air and water, and in occupational health and safety

areas.,.

The method is based uvon the absorption of radiation
by free atoms in vapour state, The sample solution is
aspir-ted into a flame and tho sample element is converted
to atomic vapour. The flame then contains atoms of that
element, Some of the atoms arc thermally excited by the
flame, but most of them remain in the ground state,

These pround state atoms canr absorb radiation given off
by the hollow cathode lang - hich is used as the light
source, containing the elceaent to be determined, The
wavelength of radiation al..oroed by the atoms in the
flame is the same as the wavelengths of radiation given

off by the hollow cathode lamp,

t“he decrease in intensity is measured using a
monochromator and detector cystems. This decrease
is related te the concentr:ation of the element in

solution,



The accuracy of the alouic asbsorption spectrometer
can be increased by stabilily o1r the hollow cathode
lamp which is the light zource; this also depends on
apuropirizte current, smooth nebulization and cleaniness

of the burner.

3ensitivity of the aparatus is affected by various
factorz which include seleciion of burning gas, the state
of the flame, efficiency o ule nebulizer, working
condition of the light source, optical systems and dispersion

ability cf the diffraction :rating.

The type of fuel and oxidant to be used depends
largely on the flame temperascure required to atomise
the cample. The most widely used flame for atomic
absorpition are the air-acceuvlenc flame and the nitrous
oxide acetylene flame with ircaix burners. The nitrous
oxide acetylene flame witlh ¢ nich temperature is used
for the elements that tend to form heat stable oxides
in the air-acetylene flame, '‘he air-acetylene flame
abscrbs a large fraction of the radiation at wavelengths

below 200nm,

Instrunent ond Apparatus,

1e SP 1900 Unicam Atouic Absorption spectrometer.
(a2ir-acetylene flsme was used) individual

cathode lamp,

2s Elgastat deioniser,



Reagente.
211 chemicals used were of analytical grade

unless otherwise stated.,

1s 0.1M EDTA: prepnred by dissolving 37.224g
of disodium dinyurogcenethylene diaminetra-
acetate (which uvas Iried ot 80°C for 2 hours)

in water and maling up to a litre.

Lriochrome Blacl . prepared by dissolving

no
.

0.2z of the dyestuifl in 15ml of triethanolamine

with the addition ¢f 5ml of absolute ethanol.

e Xylenol orange: prepared by dissolving 0,5g

of the compound in 100ml of water,

4, Murexide: preparcd by shaking 0.5g of the
powder with water ond using the supernatant

liquid for titration.

> 0,025M potassium Jodote: some potassium
iodate was dried :t 120°C for 1 hr and
allowed to cool iii g desiccator. 5.350g
of the finely powdercd potassium iodate
was weighed and disgolved in a litre flask
with deionise water, The solution was made

up to the mark,



Preparation of standards for the individual metal lons.

Lead:

1000ppm stock solution of lead was prepared by
dissolving 1,598g of lead nitrate in 25ml of nitric
acid (1:1 v/v) and the voluire was made up to a litre,
The sclution was standardlzed uging 0.1M EDTA sclution
with xylenol orange indicator {32)., An intermediate
10 pom lead solution was preparcd by diluting 1 ml of
the stock to 100ml with water, From this 1 o 5 ppm
lead standards were obtaincd, Calibration curve for

lead is given in fipure 2,1.

Copper.

1000 ppm stock soluticn of copper was prepared
by dissolving 3,930g of copper sulphate pentahydrate
in a srall quantity of water and making up to one litre,
The solution was standardizced using 0,025M potassium
iodate (32) 10 ppm intermediuic copper standard was
prepared by diluting 7 ml of the stock to 100 ml with
water, Copper working standacds in the range of
T -~ 5 ppm were prepared from this. Figure 2.2 shows

the calibration curve for copver,



Zinc.

& 1000 ppm stock soluilonn of zinc was prepared
by dissolving 4.398g of zinc sulphate heptahydrate
in water and making up to z litre, The solution was
standardized with 0,1MEDT.. solution using Eriochrome

Blzck T as indicator (32),

10 ppm intermediate standard solution of zinc was
prepared by diluting 1 ml alicuot of the stock to 100ml.
1 -« 5 ppm working standards were prepared by appropriate
diluiion of the intermedi:.te with water. The calibration

curve is shown in figure .,5.

éﬂﬁimcnx.

1000 ppm stock solution o antimony was prepared
by dissolving 1g of antimony uetal (granules) im 10@1
of concentrated nitric acid, fThe solution was thoroughly
mixed and diluted to one !iire with deionised water.
The scluiion was standardizeld with 0,025M potassium
iodate (32) 100 ppm intermediate antimony standard was
prepared by diluting 10ml ol the stock solution to 100ml,
antimony werking standards in the range of 1 - 10 ppm
were preparcd from this, i ure 2,4 shows the calibration

curve for antimony,
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Lron,

1000 ppm stock solution ol iron was prepared by
dissolving 4,.,830g of Ferric clloride in deionised
wnter, 1,5ml of conc. hyirocihloric acid was added and
the solution was diluted Lo one litre with deionised
water, The solution was stondardized using 0.1M EDTA
and Friochrome Black T as indicator (32). 100 ppm
intermncdicte standard whs orcepared from the stock
solution and iren workin; ciondarde in the range of
1 - 19 ppm were prepared {roan this, The calibration

curve is given in figure 2.5.

irsenic,

- . o —

A 1000 ppm stock solu.ion ¢f arsenic was prepared
by dis:solving 1.320g of nrscaic trioxide A5203 in 50ml
of concentrated hydrochloric ccid and diluting to one
litre wilh deionised watcr, ‘The solution was standardized
‘with 0,025M potassium iednte (32). An intermediate
solution of 10 ppm was prepared from the stock solution
by diluting 1 ml of it to 100ml. Working standards in
the range of 1 - 5 ppm werc orcpared from this, The

calibration gurve is given in figure 2.6,
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lickel,

1000 ppm stock solucion of nickel was prepared by
dissolving 4.953g of nickel aitrete hexahydrate in
200ml o deionised water. 1.9ml of concentrated nitric
acid vns ndded and made u, co one litre with deionised
water., ‘'he solution was st.idardized using 0,.1M EDTA
with murexide as indicator (22). 100 ppm intermediate
standord wos prepared by diluting 10ml of the stcek
solution to 100ml, Working st:ndards in the range of
1 to 10 ppm were prepared .rom the intermediate standard.

Calibration curve is given in fipure 2.6.

Eggmium.

1000 ppm cadmium stocl solution was prepared by
dissolving 2.1071g of caduiun nitrate in water and
makinz up to a litre, The solution was standardized
with Q.1 EDTA with xylenol cronge as indicator (32).
10 pom codmium intermedinte ztandard was obtained from
the stock by diluting Mml of the stock to 100ml.

1 to 2 ppm cadmium workin: stondards were obtained from
the intermediate stock by -Hpropriate dilution. The

calibrzation curve is given in fipure 2.7.

Tin,

-— -

A 1000 ppm stock solu.ivn of tin was prepared,

2,954 ol stannous chloride senlahydrate was dissolved
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in sbout 500ml of delonised wotcr, and a few drops of
conceniroted hydrochloric .cid was added. The solution
was made to one litre wili Jc¢ionised water. The
solution was standardized with 0,025M potassium iodate
(32). fLn intermediate solution of 100 ppm w2s prepared
from the stock solution, Torking standards in the
renge of 1 = 10 ppm were ovepared from this, The

calibration curve is given in figure 2,8,

Silver,

1000 ppm stock solution of silver was prepared by
dissolving 1.575g of anhydrous silver nitrate in
deionised water, and 1,5m1 o7 concentrated hydrochloric
acid vas added., The solu.ion was diluted to one litre
with deionlsed water, The solution was standardized
using 0,14 EDTA and murexide indicator (32). 100 ppm
intermediate standard was virepared, from which working
standards in the range of 1 to 10 ppm were cbtained,

The calibration curve is jiven in figure 2,9,

Manganese.

A 1000 ppm solution ¢’ uangonese was prepared by
dissolving 4.,069g of mangancus sulphate tetrahydrate
in water containing 1,5%ml ccucentrated nitric acid

and the volume was made u» vo onc litre., The solution



was standardized using 0,1.. - O1TA with Eriochrome

Black T indicator (32), /1 intermedinte manganese
solution of 10 ppm was prepored from the stock solution,
by diluting 1ml of the stock solution to 100 ml. From
this 1 to 5 ppm working standards were prepared, The

cnlibraotion curve is given in figure 2,10,

2.9,1 PREPARATION OF SAMIPL SCLUTIONS.

Proccdure.

e sample solutions were prepared by digesting

the samples in perchloric :.cid,

1.0z of each of the soules was accurately weighed
and poured inside a 250ml be:zker, 4Oml of concentrated
perchloric acid was added To ench in a beaker and the
contenis were put on a hov pirte inside the fume
cupboord, They were left for ~bout 30 minutes on the
hot plate after which they ere left to cool., After
cooling, ezch of the solutions was diluted to one

litre wvith deionised water,
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2e9.2 INSTRUMENTAL OPEY’TION AND SAMPLE ANALYSIS.

The appropriate wavelength was selected for each
of the metals and appropri-cc hcllow cathode lamps
were inserted, All other 'nscrumental conditionms
werce adjusted, The instrunentcl conditions for the

deterainztion of each met-) is given in table 2,1,

™e standard soluticns Jor the metals were first
aspirated into the flame ©o obizcin  their absorbance;
after this the sample solutions were aspirated into
the flame; concentration o. che metals in ppm in each
of the sample solutions was read off from the calibration

curves,



ABSORBANCE x 1073

30 Ll
LA
25
201
1Bk
101
5-»
/
/
/
1 | | 1 h R
1 2 3 A &
PPmM >

Fig. 2.1 CALIBRATION CURVE FOR LEAD.



60

50

B~
O

ABSORBANCE x 1073 ————>»
)
O

20

10

Fig. 2.2

ppm -
CALIBRATION CURVE FOR COPPER.



ABSORBANCE x 10~ 2

b4

¥

40

36

N
@
1

)
£
T

At
L
!

12

T

1 1
1 2 3 4
ppm ———>

Fig. 2.3 CALIBRATION CURVE FOR ZINC.



30

25

N
(=]

Y
n

ABSORBANCE x 10”3 ——

10

T

1-0

Fig. 2.4

//
/
/
/
)
/
. | ) i o R i |
2.5 5.0 7.5
PPM —————>

CALIBRATION CURVE FOR ANTIMONY .

SN,

10




1201 |
L8

101

1]

100

70

60

S0

4or

20

10r

i | | L 1 1 H | |

2 4 6 8 10 12 14 15 16
ppm >
Fig. 25 CALIBRATION CURVE FOR IRON.




60

S0

1

2]

&~
o
T

3

%,

4 )
ABSORBANCE x 10
[#%)
=

(/]

10F

/]

| | | | |

=}
1 2 3 ; 5 6 7
ppm -
Fig. 2.6 CALIBRATION CURVES FOR ARSENIC AND NICKEL
o ARSENIC, O NICKEL




=~ un ()] ~ Q©
o o o o o

ABSORBANCE x 103 ———>

w
o

20

10

T

T

1 | | | |

Fig. 2.7

0.5 1.0 1.5 2.0 2.5

ppm ———

CALIBRATION CURVE FOR CADMIUM



80

70

w
o

40

ABSORBANCE x 10~3 ———>
(8]
(o]

20

10

| l | | |

2 4 6 A 10
ppm >

Fig. 2.8 CALIBRATION CURVE FOR TIN.




ABSORBANCE x 10~3

30

25

]
o

(9]

—
o

! ! - | I
6

2 4 8 10
ppm >

Fig.2.9 CALIBRATION CURVE FOR SILVER




T

50

|

40

W
o
T

ABSORBANCE x 10~3
N
(&)

- 1
0.5 1.0 1.5
ppm >
Fig. 210 CALIBRATION CURVE FOR MANGANESE.

2.0




2,10 DUTERMINATION OF CilLO.ilE, BROMIDE AND FLUORIDE

.

BY_VOLUMETRIC METHO" (52, 33).

The concentrations of Lromides and chlorides in
the four kuali samples werc determined by volumetric
method in which 0,1M silver nitrate solution was
titrated sgainst the solutiorsof the samples by using

adsorption indicators, such 2s fluorescein and eosin.

Fluorescein indicator “ns used for the determination
of chlorides, thids indicator is » very weak acid. The
optimum pH range is 7 to 10, I'luorescein cannot be
used in solutions more dilute than 0.005M; and in solution
more concentrated than 0.CYi, if it is more concentrated,

the precipitate coagulates ©Too soon and interferes,

Eosin (tetrabromofluorescein) is used in the
determination of bromides, 1t can be used down to a
pH of 1 to 2; the colour change is sharpest in an acetic

acid solution.

Fosin cannot be used ‘or chloride titrations; this
is because the eosinate ion can compete with the chloride
ion before the equivalence noint and thereby giving

premature indication of the end point,

The disadvantage of adsorption indicators is that

silver halides are sensitive to the action of light hence,
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the titration has to be c-rvied out with a minimum

exposure of light,

The method of fluoride determination inveolves
the titr-tion of thorium nitr-~te against the fluoride
solution, The thorium nicratc solution has to be
stnndardised against a knoun iluoride solution. Sinee
the reaction is pH depenuent; it will give reasonable
results at pH of 3.35 4+ 0,10, and as such the sample
solution has to be acidificd with 1M perchloric acid
to the said pH with buffer sclution added. Indicator

used wns thymol blue,

Reapenis and chemicals.

All reagents and chemicols used were of analytical

grade unless otherwise stoted,

Te Sodium carbonatc .nhydrous,

24 Fluorescein indic:lor: prepared by dissolving
0.2g of fluorescein powder in 100ml of 70%

eth3n01 -

3 Silver nitrate 0,1ii: prepared by dissolving
£.495g of anhydrous silver nitrate in
500ml of distilled water,



b, Eosin indicater: prepared by dissolving
0.1g of eosin in 100 ml of 70%

ethancl.
s Acetic acid 6M,

He Buffer solution:. oprepared by dissclving
6.7 of glycine nnd Mg of sodium
perchlorate in .ocer; 11ml of 1M perchloric
acid was added und the volume was made up

to 100ml with wntcr,

7 Thorium nitratc sclution: prepared by
dissolving 11,0445 of thorium nitrate
tetrahydrate in C,001M nitric acid and the
solution was made up to one litre with

0.001M nitric acid,

8. Thymol blue indicrior: prepared by
dissolving 0.27 o chie thymol blue in

100ml of 70% ethanol,

Prepoer:c tion of sample solutions.

The sample solutions vere prepared by sodium carbonate
fusion method. 1.0g of erch of the samples was weighed
and put inside a 150ml beoier separately. 3.0g of aphydrous
sodium carbonate was added: cach of the contents in
the beakers was mixed thorou hly. 30ml of water was

added to each and heated ior about 20 minutes. The
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resulting precipitate wns Jiltered and the filterate

was diluted to 100ml with distilled water.

Procedure.

- -

Chloride determination.

25ml of the sodium carboncte extract of the first
sample wes pipetted into 1 250ml conical flask. 5 drops
of Tluorcscein indicator :as adued and it was titrated
against 0,1M silver nitrate solution in a diffused light,
with constant rotation of the flask, The titration was
continued until the end pcint was reached, in which a
pronounced pink colour was ot. The titration was
repected with two other 25011 porticns of the sample

soluticn,

The above procedure uas repeated for the second,
third, snd fourth samples, ‘The amount of chloride in

the samples were calculated firom this relationship.

1ml 0.1MAgNO5 = 0,00555g of chloride.

bromide determination.

25wl of the sodium cirbunnte extract of the first
sample was pipetted into = 290 ml conical flask; a few

ml of CM acetic acid and {ive drops of eosin indicator



were added., The solution waos titrated against 0.1M
silver nitrate with constant stirring in a diffused
lizht until the end poin: was reached., At the end
point, a magneta colour precipitate was got. The
titrotion was repeated /ith two other 25ml portions

of the extract solution.

e sbove procedure wos repeated for the second,

third 2nd fourth samples,

The amount of bromide in the samples were calculated

from this relationship.

Tml 0.,1MAg 95 5 0.00799¢ of Bromide

Fluoride determinaqggg.

Sml of the sodium carhonnte extract of the first
sample was pipetted intc o 150 nl conical flask and
diluted to 15ml with disciilcd water. The solution
was acidified with 1M perchloric acid to pH of
3.35 + 0.170, 2ml of bu’ier solution and 3 drops of
thymol blue indicator solution were added to the
mixturc; the content was Litrited with thorium nitrate
to a deep red colour, ™c Lhorium nitrate was
standardized against a lnowm [luoride solution, The
titrstion was repeated foo chiree other 5ml portions

cf the extract.
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The above procedure wios repeated with the second,

third and fourth samples.

The concentration of _luvoride in the samples were
calculated from the volume oi thorium nitrate used
sincc this was standardized zgrinst potassium fluoride

solution,

2.11 DETERMINATION OF 3Li1UR_BY GRAVIMETRIC

-

ANALYSIS (32, 34, 38,.

This method of sulphur determination is used for

the analysis of mineral sulphides., The sulphide in
the mineral is oxidized to sulphuric acid and it is
determined ns barium sulpnute, The oxidising agent
used is a mixture of nitric ocid and hydrochloric acid

and a 1ittle bromine water,

The method has the advonioge of not introducing
any motallic ion but the iron in the sample has to
be removed by treating the solution with an excess

ammonisz solution.

Precipitation of the barium sulphate is carried out in
@ weakly acidic solution in order to prevent the
possible formation of the barium salts and furthermore,

the obtzinable precipitatc uay be easily filtered.
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It is alsoc of great importance to carry out the
precipitation at boilin; tcmverature, becnuse the

relative super saturation is less at higher temperatures,

Coprecipitation of the zazlt, if not taken care of,
can also increase the =mount of error in the analysis,
Barium chloride and bariuz nitrate are readily
coprecipitated; these can add tc the weight of the
barium sulphate, hence a1 hijh result will be got since
the chloride is unchaniced unon ignition, and the
nitrace will yield bariuw o:iide, '[he error due to
chloride can be reduced by adiing the hot dilute barium
chloride solution slowly Lo ithe hot sulphate solution
which is stirred constantly. The error due to nitrate
can be avoided by evaporating the solution with a large

exces: of hydrochloric acid¢ before precipitation,

AEEarqﬁus.

Platinum crucible 3.%cm internal diameter,

Reagents and chemicals,

All reagents and cheuicnls used were of analytical

grade unless otherwise sioted,

1. HNitric acid concenirsted (S.G.1.42).

2. Hydrochloric acid concentrated (5.G.1.18)
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Sodium carbon~tce anhydrous

& W
.

fmmonia concencorated
5. Bromine water,

G, Barium chlori'e 5.

- . A

1,0g of the first samr le was welighed accurately
and put in a beaker, 40ml ¢of concentrated nitric
acid »nd 10ml of concenirsicd hydrochloric acid were

added 2long with little hrouine water,

The solution was heated on a hot plate until
the solutionwas reduced vo only Sml, After transfering
the solution to a porcelcin diéh along with washings,
a pinch of sodium carbon.tc wasadded and again
evapor:-ied to dryness and i nited to destroy the
organic matter., The sodiu. cuarbonate is added to fix
the sulphate as sodium svlphcte which does not decompose
at ouite high temperatures, 7The ignited residue was
coclcd ond dissolved in 20 « 30ml hydrochloric acid.
The ircn in the solution 'as removed by treating
the solution with an excrss of ammonia solution., The
soluiion was filtered and thwe filterate was acidified

with slight excess of concentirated hydrochloric acid.



*6¢

"JAI URIF USXEL

MraTi1a0e Iy

= ¥

& -0 £-z a-¥ F-g1] 11 -2 L-9 1 -t? Zr - ot L F -z P-€ L1TATITSORE 1seq
g1 - 01 v R- L a-c mﬁlﬁ. 8 €T - &rf ST - 2t or -8 S ¥ 9-C {w) woramard 19e
a2t ¥ 8 ] ot 8 Sl gl 0t q ] (yar) IUALIT)

[ P ey s [ . . R R . . PR e ey + P {y-umm 31177)
Q0'T-08°0) OU'T-0R"O{0F T-O1' T |QO°I-08 0|01 108" 0|0P ' T-0U 1] 00 IT-08"0 | OE T-06'0(0T"1T-08°0[00 " T-08'0 { 00" T-0R"Q 218y WOIT AuATA1CY

vlw ALt
g ¢ g g g S g g g g g (-l _.,omWE
Y ¥ ¥ v Y ¥ ¥ v Y ¥ V' “emid
02 000y 02T O-STTO(ST oo D (0BT eT 0l QIO 02°0-81°0] S1°0-01°0 ) 02" 0~GT 0|ST *01°0J0Z 0~C1°0 |02 0-CT 0 () YapTw 1YLS
. ; . . . . . . . . . (un)
8F'6L7) LOSEE | 19°pB 08'8zg | 00'ZET | O0L°B6L £E8Y2 ¥8'O0% | 98I | SLUwEE 007212 1] IowRuosar [RATOUTIA
- osauniueR IBATIS | otr o T 801N DTUAS.IY toay —.Eﬁuﬁg ouiz Jaddoy PEI]
|

"THILIROLOHdOULIEGS NOLLAYOSHY JIAOLY JFRL JO SNOILIANOD TY.LNAMNHLISNI

1'8g ITEVL

€9

B e e



63

The solution was heated Lo boiling and 50ml of
boilinz hot 5% barium chloriue solution was added
slowly with constant stirring., The sclution was
stirred vigorously and ~lilowed to stand overnight,
The precipitate was filtered off through an ashless
filter paper no. 540 and asincd with hot water until

free from chloride,

The precipitate was ta'.en in a platinum crucible,
dried and ignited at 600”C, The residue was cooled
in a dessicator and weighod s barium sulphate., The
above procedure was repcaced jor the first sample twice,

and the standard deviatio:. c-lculated.

The procedure above wns repeated for the second,
third and fourth sample in iriplicate, and their

st ndard deviations calculated,

The weight of sulphur in esch sample was got from

this relationship.

> . 0.1574 x wt of precipitate §BaSO.)
Vs of sulphwt initisal welght of sample &

2,12 ANALYSIS OF BLOOD JAlkLES (30, 31, 32, 35, 39).

Principle.

The blood samples werc precipitated with trichloroacetic
acid 55, the lead in the blood samples were extracted into
an orginic solvent, and the organic layers were aspirated

into the atomic absorption spectrometer.
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An organic solvent com we used to selectively
extract metals after comple ing from an aqueous
solution, and the sclvent c-n then be aspirated
directly into the flame. _“his has some advantages.
The test element is separ: ted from the sample thereby
eliminating possible intorferences, It is also
obtained in a pure organic .olvent; this results in

a ma2:imum atomisation ef ‘iciency,

1sobutylmethylketeone is preferred for this purpose
owin to its suitability c: cxtractive agent and for
use in premix burner systcas. It is better to use an
oxidizing flame (fucl lecan, vhen an organic solvent is
aspircted into the flame becruze the solvent must be

burned (30, 31).

The blood samples werc uprocipitated with 5% .8
trichloroacetic acid, the lead in the blood samples were
extracted with ammonium nyirolidine dithiocarbamate 2%

into isobutylmethyl ketone 2t a pH of 3,

Lead standards in tho ».nge of O to 2 ppm were
preparcd and similarly e:tr:cted into the organic layer
as done for the blood sanples, They were aspirated
first into the flame before the blood samples were
aspirated, During the ~spiration of isobutylmethylketone
(MIBK), the fuel was adjusted to give a very slightly
yellow flame,
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Instrument and Apparatus.

P

21G x 1% Gillete sterile needle.

2ml sterile disposable syringe,

futc bench centrifuge., Deird & Tatlock,

SP 1900 Unicam Atomic /hsorption spectrometer,

Reagents.

All chemicals used werc ol analytical grade unless

otherwsise stated.

Te
2o

Je

“richloroacetic acid ('CA) 5%

Ammonium pyrrolidinc dithiocarbamte (APDC)
2% = prepared by ciscolving 2g of APDC in
100ml of deionised wacer and filtered, A
fresh solution wau prepared each day before

use,
Ammonia concentrated

1sobutylmethylketonc (MIBK) B.D.H: water
saturated of it was rcpared by mixing two
volumes of MIBK wid one volume of water in

o separating funncl, :nd¢ shaken for 20 minutes,
This was allowed to stand for 10 minutes, after
which the water phase wes run off, and the

organic phase was dccanted,
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Lead GStandard.

——

i stock solution of 1000 ppm which is equivalent
to 1000 ugml-1 was preparcd by dissolving 1.599g of

3 or nitric acid (1% v/v) and

lead nitrate in 25cm
this was diluted to one liire with deionised water,
Lead working standards in tiuc range of O to 2 ppm

werce prepared by dilution oi the stock sclution. Each
of the lead working standard solution was treated with
5ml of 5% TCA and the lead wus extracted with 1.0ml

of 24 APDC into 5ml of .1iBK,

Analytical procedures.

dnole blood samples werce collected in 2.5ml sample
botiles eack containing nbout 0,04ml of 10% disodium salt
of ZDTA and dried in the somule bottles before the
collection of blood samples. As soon as the blood
samplcs were collected, ithey were shaken thoroughly
and kept in the freezer, .elcre the analysis was
carriced out, the blood sam:lcs were remeved from the

freczer and allowed to attoain loboratory temperature,

Precipitation.

The blood samples wcre precipitated with 5% T.C.A.
2,0ml oI the whole blood und 4ml of 5% T.C.A. solution
werc wixed in a centrifuge tube, allowed to stand for

one hour with occassionzl stirring, After one hour,
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the mixtures were spun for 10 minutes each at

3,000 r.p.m, The supernacant was decanted into a
separating funnel. A furiher 4ml of 5% T.C.A. solution
was added to each of the precipitate in the centrifuge
tubes and stirred vigoroucly for a few minutes. The
tubes were spun again for 10 minutes and the supernatant
deccanted into the separating, funnel, The pH of the
solution was adjusted to aLout 3.0 with concentrated

ammonia (39).

Extraction,

1,0ml of 2% APNC soluticn was added to each of the
solutions (supernatant), .i..cd and allowed to stand for
5 minutes, 5ml of M.I.RB,!l water saturated solution were
added and the mixtures werc shoken for 10 minutes with
a shaling machine. The phases separated and the water

phase was run off almost completely,

Instruacntal conditions.

———— -

The intrumental condicions were the same as for

lead in table 2.1.



Proccdure.

The appropirats wavcelenpth was selected and the lead
hollow cathode lamp was scu, All other instrumental
condiitions were adjusted. 'The standard solutions
were Tirst aspirated intoc .h¢ flame, after which the

sample solutions were aspirated into the flame.

A calibration curve was prepared from the
stondard solutions intensicy readings, The corresponding
concentration of lead in opw in each sample solution
was read off from the calibrsticn curve, The readings
werc converted into pg1GUm1"1. Calibration curve for

lead is given in figure 2,11,
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(EXTRACTED INTO ORGANIC SOLVENT )

‘



70

CHAPTIR THREE

of the Kuali and blood

3.0 RESULTS Al _DISCUSSION
3.1 RESULTS.
The results of thec anclysis
samples are shown below,
Linh2 2.1

.......

.......

Physical Appear.nce

- o

............

Physical Appearanceé aflter
it has been placed in oven
at 100°C for 2 hrs.

—— -

Shape ranges from
octahedral to cubec,
It is brittle, onziue
with metallic
colour, greyish ciystals

I S

13

were got after gr;uﬁingJ

‘There was no noticeable
Rchange in colour or

shape,

no noticeable
colour or

There was
change in

shape.

There was no noticeable

e¢hange in colour or
shape.

2e Shape ranges from cubic
to octahedral., It is
brittle, opaque with
imetallic grey co!curv E
Egreyish crystals wore
.got after grinding,

!

Je 'Cubic in shape, it is
brittle, opaquc and
black in colour, Ll:sck
crystals were 30t aiter
grinding.

4, (Greyish crystals

t

- s

: There was no noticeable

fchange in colour or shape,
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TABLZ 3.2

———— - "

-----

Solubility in

S

Cold water
Hot watcr

3 - L% ]
Glacial L_3

Dil, and Conc,

HNO3

Dil, and Conc,
HESO&+

Dil, Hl.

Conc. iCl

Aquaresia
Dil. 1ClO,
Conc, 1C10,

Conc. and Dil,
NHaOn

Conc, -md Dil,.
NaOH

95% Czuﬁoﬁ
Chloroform
Liquid parafin

— o e e -

COCH

Not Soluble

{ou i
| i
; ] W

1 "

1] W
Partially
soluble

Not solublc
ot soluble
Soluble

S(_-‘].Ubl‘-'

soluble
. solubl
soluble

soluble

Sample 1

. o=

DILUTE ACIDS, BASES All"

-

- e —

hot

QT

. -

Cample 2

Sample 3

Sample &

lot Soluble

i
n

Partially
2oluble

ot scluble

Not scluble

Soluble

soluble

scluble

- W ®

Not

Not Solublq

" W ;
|
i i 4
|
i i
M W
Partially
soluble

Not soluble
Not soluble
Soluble

Not soluble

solublei

Not Soluble

n A

1 a

n i

(1] i

¥ n
Partially
soluble

Not soluble
Not soluble
Soluble

Not soluble

Not soluble

ot

!
soluble .Not

solubletNot

b
. soluble Not

soluble. Not
solubleiNot

solubleiNot

soluble
soluble

soluble

- -



TABL: . a2

DETERMINATION OF JiZL71RG/DECOMPOSITION POINT

AND FLAME TESTs Or THE SAMPLES.

Sample

e

1. | Did not

}

24 Did not
up till 400°C

3. Nid not
up till 400°¢C,

4, I:id not
up till 400°C

St kW W Ak e

Melting/Decompusition
point -

a

Flame Test

T

melt or decompose

bup i1l 400°%C

melt or doeconpase

melt or decompose

melt or deccempose

Light blue, and light
green colours were
cbserved,

Light blue and light
green colours were
cbserved,

Light blue,
bluish green colours

green, and

were observed,

Light blue and light
green colours were

chservad.
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TABLL d.4

RESULTS_OF SPOT TEST AV CLASSICAL ANALYSIS MPTHOD

e s
5 191 Metals and nonmetalo T&etals and nonmetals
amp detected by spot test (detected by classical
—— e} methOd, . lanalysis,
Te Antimony, silver, tin,{lLead, silven arsenic

iron, nickel, arscwnle, |antimony, tin, nickel,

lead, cadmium, sulpbitelsulphite, bromide, fluoride
bromide, chloride and

and ehloride,
fluoride,

.
.
¥
L
:
T
!
]
L]

e A

2 Silver, tin, nickel, Lend, silver, arsenic,
antimony, arsenic, antimony, nickel, zinc,
iron, lead, zinc,. sulphite, bromide, fluoride
sulphite, bromide, and ehloride. ' '
chloride, and
fluoride,

3. Lead, zine, copper, f.ead, silver, zinc, arsenic,
silver, tin, antiumony, fkin, antimony, iron, nickel,
iron, cadmium, niciiel, ulphite, bromide, fluoride
arsenic, sulphite, hnd chloride.
bromide, chloride and
fluoride,

!
r ' _
4, EAntimony, silver, tin !Lead, zinc, silver, antimony,

tiron, nickel, arsenic, 'tin, iron, nickel, arsenic,
lead, zinc, sulphitc, %ulphite, bromide, fluoride,
bromide, chloride snd pknd chloride,

fluoride,

s e g A
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TABL: 3!

.
e -

Y
=
-

METALS DETECTED Iil AFLLES (IN PPM) BY ATOMIC

ABSORPTION SPECTROI..iit1C_METHOD.

Metals Sample 1 e 2 ![ Sample 3 Sample &4
Mangznese § *"B.D,L. |‘ e el 10.35 + 0,07 | B.D.L.
Iron ;_3.80 + 0.60?2.:.;{} = 0,90 : 14.0 + 2,20 ,4.00 + 1,10
Nickel :.4.80 + o.hoih.f O 4 0,80 4,00 + 1.105&.20 + 0.65
Conper E B.D:Ls EQ.1O . 0.001i1.25 + 0,20 ' 0.25 + 0,04
Zinc 10,10 + 0,02 10,50 + 0,04 'i35.o + 1,00 | 1,00 4 0.05
Arsenic 1.60 + 0,20 1,30 2 0,10 j1.70 + 0,40 |1,80 4+ 0,60
Silver 4,10 & 1,90 5.40 + 2,10 {5.20 + 1,90 {4.50 + 2,90
Cadmium 0.15 # 0,02 0,71C + 0,01 0,50 + 0,03 }0.10 + 0,02
Tin 8,00 2,10 11,5 & 2.90 |4.00 + 1.20 |6,80 & 1.80
Antifiony |[3.40 & 1.80 fs.30 & 2,50 |4.00 + 2.10 |8.00 & 3.60
Leacd 1.65 &+ 0,10 R,00 = 0.50 3,00 + 0.40 |1.15 4+ 0.60
o - ;

—— - -

*Below Detection Limit
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RIC_METHODS.

Nonmctals | Sample 1 r Sauple 2 _[ Sample 3 ! Sample 4
v =y r
L + e o -
Fluoride :23.4 + 4.60) 24,9 = 5,701 21,9 & 5.50 | 23.2 + 4,00
Sulphur 126 + 21.0]125 = 15.0 | 122 + 19.0 '102 + 9.40
Chloride 5.60 ¢ 2,40 | 4.97 2 .90 [ 9.50 + 3.10 |10.6 + 4,20
Bromide 24,0 + 2,00 | 43.: 1.80 | 34.0 + 2.10 }48.0 + 1,20




TABLE | J.7_

BLOOD LEAD CONCENTRZL(. (IN JG100m1™ ) OF KUALI
USERS_AND KUALI NONUZERS BY ALA,%, METHOD.

" wwLt users | KUALI NONUSERS
E:ﬂ };‘(fonc . In pg’IOOmA].{‘i H: ].\;). Conc. in ug1 oom1™
1. 100,0 - 18.0
2. : 142.0 22 E 34,0
5. 0 82.0 25 | 42,0
b b 1180 24 | 25.0
S 125, 0 29 34.0
G. 7540 “ 26 18.0
7 100. © 27 36.0
2o | 75,0 25.0
9, 68.0 25.0
10. 68,0 42.0
N 82,0
12, 82.0
13. 58.0
14, g 75.0
15. i 68,0
16, 75.0
17 100.0
18. 82,0
19 82.0
20, T34 « 0
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3.2 LISCUSSION OF RESULT.

-
Physicochemical analysen were carried out on the

Kuali samples and the rcsulis of the physical tests
showed that all kuali samples possess some properties
which arc common to some actels and nonmetals; these

incluue the shape, brittlencss and opacity (table 3.1).

e four kuali sampler vere not chemically very
reactive as reflected by their insclubility in some
concentrated and dilute acids, bases and some common
organic cclvents, They wer. completely 'soluble in
concentrsted perchloric acica and partially soluble in
concentrated hydrochloric :rcid with the evolution of
hydro;en sulphide gas in boch crses., This gave a mere
poscibility that sulphur is present in the kuali samples
probzbly in the form of svlnhide (table 3,2).

The kuali samples wer: viry stable, since they
did nst welt or decompose vn till 400°C, The colours
observed during the flam= tesis of the four samples
gave nn indication that some wetals like antimony, zinc,
arscnic and lead were probaoly present in the kuali samples
(table >.3), Much cannot be said about the conductivity
of the kualis since thesc irere not soluble in nonpolar

solvents,
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The metals and nonmetals detected in the kuali
samples by spot test and classical analysis methods are
shown in table 3.4. Almost .11 the metals and nonmetals
in the kuzli samples werce decected by spot test; due
to the limitation of the n,plicability of the classical
methods on the elements prcscent in small amounts, it

was not possible to analyse them by this method.

Table 3.5 shows the rerult of the analysis carried
out by A.A.S. method; inciuled in the metals detected
were lead, zinc, cadmium, cop.er, antimony, silver, tin,
iron, nickel, arsenic and =on;onese., The concentrations
of nickel, iron, tin, silver, and antimony in the first
sample were found to be hi hicr than the amount of other
metals present in the szamplc, Tin has the highest
concentration of 8.00 ppa. The concentrations of lead
and arsenic in the first scaple were 1,65 and 1.60 ppm
respectively, The concenir: tions of zinc and cadmium in
the first sample were very low, 0,1 and 0,15 ppm
respcctively whereas, the concentrationsof copper and
mangancse in the sample wei'c expected to be below detection

limit ¢f the instrument.

The second sample has large concentration of antimony,
silver, tin and nickel, with iin having the highest

concentrotion of 11,3 ppm in the sample. The =aoncentration



of lead, iron, and arsenic in the sample were found

to be 2,00, 2,80, and 1.80 ppm respectively., Zinc,
cadmium and copper had lov concentrations of 0,50, 0,10,
and 0,10ppm respectively, ‘‘he concentration of

mangiicse was below detectilon limit,

The third sample was :uite different in its
composition, it had the liursest concentration of zinc
(35.0ppm) followed by iron (14,0ppm). This shows that
zinc is the major metal cou.w tituent of the sample, The
concentration of silver was about 5.20ppm. Antimony,
tin and nickel appear to imive the same concentration
of 4,00ppm, Lead has a r-loiively low concentration

of 3.00rpm. The concentrations of cadmium, copper,

arsenic and manganese werce vory low,

The fourth sample has a2 large concentration of
antimony, silver, tin, iron .nd nickel with antimony
having the highest concentir- ion. The concentrations
of lezd, zinc and arsenic erc low and were found to be
1.15, 1.00 and 1.80ppm resocclively. The concentrations

of caduium and copper werc very low,

In general, all the fcour samples seemed to have a
significant amount of antinony, silver, tin, 4iron, nickel
with the exception of the tuird cample which has a very

high concentration of zinc (35.0ppm).
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The concentrations of caumium, copper, zinc and
arsenic were low in all thc sonples except in the third
wherc the concentration of zinc was significantly high.

The concentration of lead irn 211 the four samples were

low as compared to the conceuutrations of antimony,

silver, tin, iron and nickcl, &mall amount of manganese
was detected only in the Uilrd sample; whereas, the amount
of manganese in the other threoe samples were below detection
limit, Table 3.6 shows the result of the analysis of
nonmetils in the four samplcs, The first sample has a
large amount of sulphur which was 126 mgg'1. The
concentir-tions of fluoride nd bromide were almost the
same, 23.4 and 24.0mgn-1 ire '‘peetively in the sample,

The concentration of chlcride was low, 5.6mgg-1. In the
second sanple, the largest :uiount of nonmetal was sulphur
125mgg_1, followed by bromide h}.zmgg-1. The concentration
of fluoride was 2“.9mgg"1; clhrloride has the lowest

concentration of 4.97mgg-1 in the sample,

In the third sample, the largest amount of nonmetal
was sulphur which was 12;.0mgg'1. The concentrations of
bromide and flueoride were 54,0 ~nd 21.9mmg-1 respectively.
The concentration of chloridc was low (9.50mgg-1)

In the fourth sample, sulphur has the largest

concentration among the nomsetals present, The concentration
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was slightly low (102mgﬁ"i} s compared with the

concentration of sulphur in the other three samples.
The concentration of bromidc in the sample was a bit
high (48 zge™'). This was icllowed by fluoride and

chloride which were 23%.2 and 1U.Gmgg"1 respectively.

The first sample had ithe highest amount of
sulphur yhich was 126mgg"1, vhercas, the fourth sample
had the lowest amount which as 102mgg’1 as compared
with the amount of sulphur in the other samples, This
leads to the belief that, there is much probability
of the metals present in tlic form of sulphides,
sulphates or sulphites, 7Thce lourth sample has the
lowest amount of sulphur =2nd che highest amount of

bromide, as compared withh the other three samples,

The concentration of luoride in the four samples
tend to be very close, 23.4, 24,9, 21,9 and 2':3..2mggm1
for the first, second, third and fourth samples
resvectively., The concenirociong of chloride in the
first and second samples werc nearly the same (5.60 and
4.96mgg"1). Simillarly in Lhe third and fourth samples the con.-
centraticns of chloride werc very close 9,50 and 10.6mgg-1

respectively.
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From the results of the¢ analyses (table 3.5 and
3.,6) il cppeardthat the mujor constituents of the »
samples occur in the miner:!l probably as sulphide,
sulphite or sulphate, but the action of concentrated
hydrochloric and perchloric ccids on the samples with
the evolution of hydrogen sulphide gas, confirmed that

somc of the metals exist n the form of sulphide,

The results of spot test and classical analysis
(table 35.4) showed that sulphite was detected in the
analysis, instead of sulphide, This was due to the
fact that the sample solu..ons were prepared with sodium
carboriate and in the course o the preparation, the
sulphide in the sample mi~ht Lizve been oxidized to

sulphite,

The results of the blood samples analysed were
showvm in table 3.,7. The blood=lead concentration in

kuali users ranges from 58‘pg100m1-1 to

1 1

142 pg100ml™ " with a mecn concentration of 90.05 pg100ml™ ',
wherens, the blood lead concentration in kuali nonusers
varied from 18,0 to 42,0 j.:;;ﬂOOml'1 with a mean value of \

29.7 pg100m

There was a significont change of lead levels in

the blood of kuali users vith = mean of 90.0% pg100m1'1



as compared to the kuali ncnusers, with a mean of
29.7‘pg100m1-1. Since thw clinical lead poisoning
manifest at 80 ug100ml™', it is expected that

12 pecple ameng the kuali uveer: might have symptomatic

lead poisoning,

4)though, from the result obtained from A,A.S.
analysis method, it would be zeen that the concentrations
of lead in the four sampies were low, but this does
not follow that the low concentrations canncot cause
poisoning. Majority of ti.c pcople interviewed said
that they have been using wne kuali right from their
youth, Lead might be absorbed across the conjunctiva,
from the drainage down thc tear duct, or from rubbing
the eyes and then lickin: ‘he fingers. Thus an
aparecigble amount of lecd may be absorbed through the
skin also, Accordingly, this results in elevated
blood~lecad levels followin @ the use of lead containing

eye cosmetic (37).

Chilsom (11) had found that before the threshold
concentration for poisoniiiy, iz reached, some damages
could be done to the body., Il is possible that a
content of lead in the bo 'y that is insufficient to
causc obvious symptoms can sive rise slowly to long
lasting adverse effects, thus lead can cause a long

term damage in the body.
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Tt cannot be concluded .Jor sure that all the
anount of lead present in the blood of the people
using the kualis came solely from the kualis, since
there nre some other mino. sources by which lead can
enter into their body but, at least, a large
percentage of the lead in the blood came from the

kualis,

3.3 CUGCESTION FOR FURTHIR YWORK.

In view of the present study on cosmetics plumbism,
there is a need to assess the effects of raised lead
level in the blood of the neconates or children born to
mothers using lead ccentaining cosmetics so as to
establish if there is any transplacental transfer of

lead in mothers using lecd containing cosmetics,

3.4 SUMMARY AND CONCLU3ICH.

The study has been cariried out to analyse some
of th¢ commonly used eyelincrs, kualis and to measure
the associated blood lesd chienges in the blood of the
people using the kualis. :he kuali samples were
bouzhit in Keno and in Zariu., The physical appearances
of the Iualis were observe., nnd werc found to have

shapes ranging from cubic Lo octahedral., They are
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britile and opaque, The first second and fourth kualil
samples are grey in colour, The third sample has a

black colour.

FKuali samples were nu. cocluble in concentrated
and dilute bases and acidu, cxcept in concentrated
hydrochloric acid =and perchioric acid with the evolution
of hydrogen sulphide gas. “he %uali samples were found
to be stable since they did not melt or decompose up

til11 400%c,

A cualitative test vas conducted on the four Kuali
samples by using spot test rnd classical methods of
analysis. The four Kualli s:aples were analysed by atomic
absorption spectrometer uiu were found to contain the
following metals, lead, =zinc, cadmium, copper, antimony,
silver, tin, iron, nickcl, arsenic and manganese. The
nonmétnls in the Kualis were snalysed by volumetric and
gravimetric methods, =and vere found to contain fluoride,

sulphur, chloride, and broaide,

‘hole blood samples, collected from some of the
people using the Kualis and ‘rom those who were not
using; the Kualis were analrsed, It was found that there
was a significant change in the blood=lead levels in

Kuali users as compared tc tbe kuali nonusers.
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A direct association bet.wcen the use of Kuali and
hizh blood-~lead concentr.tion was observed, The use of
Kurlis is associated witi nizh blood=lead concentrations,
Kuali vhich is a naturall~ occuring mineral, is being
purchasad from the market (uid people grind it and use
it i'reclys &ince there is no legal restriction on the
trade of lead containing cye cosmetics, there is need
for uider publicity of lo.d neisoning due to lead

centaining eye cosmetics includaing Kuali,

The study suggests 2 proventive ban on lead

containing eye cosmetics.
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