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ABSTRACT

Thisstudy was undertaken to investigate collyrium and silver foilsfor lead
contents by using an absorbance modification technique(Visible spec-
troscopy) and its comparison with gravimetry and atomic absorption spec-
troscopy. Lead-thymol blue complex was studied for stability with refer-
ence to(pH, temperature, time and concentration) and the interference of
ionic impurities(silver, ferrous, zinc, copper, aluminum, magnesium and
cadmium) on lead recovery. Both collyrium and silver foil samples were
found to containlead in different concentration. Lead thymol blue complex
wasfound to be stable at pH 1 and temperature below 80°C for 30minutes.
Aluminum, ferrousand zinc do not interfere at concentration 10pg/ml while
others interfere at this level. The lead contents by visible spectroscopy
were similar to atomic absorption spectroscopy(P<0.05). Thismethod can
be used for routine analysis of lead contents. The use of collyrium and
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silver foilscan contribute in lead toxicity.
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INTRODUCTION

Somemetd sareessentid biochemicdly, somehave
no biologica significance and some have potential to
producetoxicity. From toxicol ogica point of view no
metal has been investigated more other than |ead(Pb)
dueto multiplicity of route of entry and spectrum of
damage to body organs. Lead toxicity isapparent if
blood lead level is40ug/ di. Sideeffectshaveaso been
reported at very low leveldl. Continuous exposure
leadstoitsdepositionin bonesand causes osteonecro-
sig?. Some of the common sources of Pb are automo-

bileexhaust, lead battery recycling plants, lead smelt-
ing, lead based paints and pigments, printing press, ce-
ramic glazes and | ead containing cosmeticg®* andfolk
medicines®d. Pbtoxicity isincreasing whileeffortsare
lessand the somefactorsfor dow paceto addressthis
problem have been discussed®. Therefore, itisimpor-
tant to evaluate different contributing factors and to
devel op sendtivemethod for routineuseinindustry.
Collyrium(Surma) isatraditional eyecosmetic and
also applied onumbilicusat birth. It isprepared from
Antimony sulfide(Sh,S,)/Ga ena(PoS) doneor incom-
bi nati on with vegetabl e ashes, charcoa and inorganic
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compounds. It may contain lead as an adulterant or
accidental impurity. Thesmal particlesizehelpsinab-
sorption of lead from conjactival membrane. Thiseye
cosmetic wasfound to increase blood lead level 1013

Silver foilsarefrequently used to decorate certain
eatablesand as apart of many eastern pharmaceutica
preparations. Therearedoubtsregarding purity and even
thebasi c nature of such materials. Whether thesefoils
areprepared fromsilver or other materia, thereisno
way of provingthisby physica meanswith authenticity

A diverserange of analytical methods have been
used to quantify lead. Among these, gravimetric method
wasreported?. UV/VIS spectroscopy hasan impor-
tant placedueto rapidity, sengitivity and accuracy. This
mode of analysis provided basisfor accurate determi-
nation of |ead contents. Since 1980 AtomicAbsorption
spectroscopy isbeing used quite frequently for lead
contents®®™. Oneof the absorbance modification tech-
niqueswas employed hereto determinetraces of lead.
Thymol bluewasused to form acomplex withlead to
shift A- max fromultraviolet tovisbleregionand com-
pared with other methods. So far, thereisno report for
thequantification lead contentsin slver foilsand stabil-
ity studieson lead thymol blue complex accordingto
our informetion.

Keepinginview lead toxicity, consumer and occu-
pational safety, it isimportant toinvestigate collyrium
andslver foilsandto providesendtive, reliable, robust
and easly availablemethod of andysis.

EXPERIMENTAL

Chemicals

All thechemicadswereof Anayticd grade. Thymol
blue, Silver nitrate, Aluminum chloride, Zinc acetate,
Copper sulphate, Ferrous sulfate, Cadmium chloride,
M agnes um sulphate, chloroform and acetate buffer.

|nstruments

Oven Memmert type U-10(W-Germany), Baance
Sartorius L 420P(W-Germany). Spectrophotometer
(Hitachi Modd U-2000), pH meter(CG-820 Scott and
Gerate), Zeeman Absorption spectrophotometer
(Hitachi model Z-8000) and other glasswares.

Analysishy gravimetry
1. Analysisof collyrium
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Collyrium 0.5gmwastakenin Kjeldhal flask and
mixed with 5gm sodium sulphate. After adding 10ml
concentrated sulfuric acid and 0.5gm tartaric acid, mix-
turewas heated until carbonized. Few dropsof hydro-
gen peroxidewereadded and themelt wasalowed to
cool. It wasdissolved in 50ml 50% HCl by gentlewarm-
ing. Thecontentsweretransferred to Erlenmeyer flask.
Precipitateswere collected, dried in ovenfor 2 hours
at 120°Cto cd culatethe amount of lead sulfateformed.

2. Analysisof silver fail

Silver foil 0.5gmand 5ml of conc. nitric acid were
takenin abeaker. The contentsweredissolvedin 25ml
distilled water and conc. HCl was added till no further
preci pitates of AQCl wereformed. Themixturewasfil-
tered and to filtrate conce. H,SO, was added to form
precipitatesof |ead sulfate. The precipitateswere col-
lected, driedin oven at 120°C for 2 hoursto caculate
theamount of lead sulfate.

Analysisby visible spectr oscopy
1. Standard solution of lead

Washed dried lead(0.1gm) wastaken in abeaker
and 25ml of 3N nitric acid wasadded. Contentswere
heated on water bath till dried. This processwasre-
peatedtill themetal changedinto whitepowder. It was
dissolved in 200ml volumetric flask with distilled water
aongwith2to 3ml of conc. nitricacidand volumewas
made. Further dilutionswere made from thisstock so-
lution.

2. Preparation of collyrium samples

Collyrium(0.5gm) wastakeninKjeldhal flask. Ni-
tric acid(10ml) was added and heated till decol orized
Conce. HCI(5ml) was added and heated strongly. The
contentswerealowedto cool and dissolvedin 50ml of
50% HCI and volumewas madeto 100ml with distilled
water.

3. Preparation of silver samples

Silver foil (0.5gm) was taken in abeaker. Nitric
acid(10ml) wasadded and dlowed the contentsto cool.
The contentswere dissolved in 25ml distilled water.
Then conc. HCl wasadded till no further precipitates
of AgCl wereformed. Filtered and filtratewastakenin
100ml volumetricflask and volumewasmadewith dis-
tilled weter.
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4. L ead extraction asPb-thymol blue complex

Samplesolution(5ml), nitric acid(1ml) and thymol
bluein chloroform(5ml) weretaken inaseparating fun-
nel. The contentswere shaken and lower violet layer
was coll ected. Extraction wasrepeated thricewith 5Sml
thymol bluein chloroform. Final extractionwasdone
with 10ml pure chloroform. Extractswerepooledin
50ml volumetricflask and volumewasmadewith chlo-
roform. Calibration curve was made from Pb-thymol
bluecomplex having various concentrationsof leed with
correlation coefficient R?=0.9947.

Atomic absor ption spectr oscopy

Theprocedurefor making samplesolutionwassame
asfor visible spectroscopy. The sampleswereandyzed
intriplicateat 283.3 nm using blue acetylene flame.
Amount of unknown was cal culated from standard
curve having with correlation coefficient R?>=0.9981.

Sability studiesof lead thymol blue complex
1. Effect of pH

Samplesof Lead Thymol Bluecomplex were pre-
pared intriplicate and maintained at pH(1,4,7,10 and
14) and scanned from 800 to 200nm.

2. Effect of temperature, timeand concentration

Samplesof lead thymol blue complex were main-
tained at pH1 and kept at different temperature
(20to100°C) and absorbancewas measured at 544nm.
Resultsare presented infigure 3. Sampleswerekept at
room temperature and analyzed at 544nm at different
intervals. Sampleswereprepared withincreas ngamount
of thymol blue(100 to 1000ug) and absorbancewas
measured at 544nm.

3. Effect of cationicimpurities

Lead thymol bluecomplex containing S0ug lead was
mixed with various concentrations (10, 20, 30, 40,
50ug) of AICI,, FeSO,, Zn(CH3COO),, CusO,,
AgNO,, MgSO, and CdCl,, at pH 1. Absorbance was
measured at 544nm.

Satistical analysis

All anaysiswasperformedin duplicateftriplicate
and averaged. Datawas analyzed by analysisof vari-
ance and multiple comparison was performed by Post
hoctest.
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RESULTSAND DISCUSSION

Lead isnot essentia nutritionaly anditstoxicityis
well documented. Toxicity isincreesngwithagreat pace
dueto atmospheric pollution. Therefore, itisimportant
tomonitor Pb levelsin thesurroundings. Attempt has
been madeto determinetracesof Pbin collyrium (raw
andfinish product) and slver foils, whicharebeing used
routinely in many partsof theworld.

Mol eculeshaving higher degree of conjugation re-
quirelessenergy and absorb radiationinlonger wave-
length. Thymol inreduced formisred but in oxidized
form show absorptionin blueregion of visible spec-
trum. Inthiswork, thymol blueisused to shift the ab-
sorption maximum of Pbfrom UV tovisibleregion.
Lead absorbsat 223nminnear UV region and thymol
blue hasAmax 435nminthevisibleregion. Wheress,
Pb-thymol blue complex viaoxygen lonepair coordi-
nation resultsin red or bathochromic shift 544nm. Re-
sultsaregiveninfigure 1(supplementary materid).

Thebehavior of Pb- thymol bluecomplex at differ-
ent pH givesapH dependent peak at 544nmin addi-
tion to pH independent reagent peak around 435nm as
showninfigure2(supplementary material). Theresults
revedl ed that thelead thymol bluecomplex isunstable
inweak acid, strongly alkalineand at neutral pH. At
these pH values, complex dissociateswhichisindicated
by theabsenceof peek of thecomplex a 544nminacidic
medium and 580nminakainemedium. ThepH of maxi-
mum of complex formationwas 10 but thecomplex was
unstableand metd precipitated after few minutes. There-
fore, analysiswas carried out at 544nm at pH1.

A nm

max

Figure 1. Wavelength scan of lead (A, =223nm), thymol
blue(r ,,=438nm) and lead thymol blue complex (A,
=544nm) at pH 1
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Wavelength nm
Figure2: Effect of pH on absor bancechar acteristicsof
Pb- thymol bluecomplex; o-pH 1, A-pH 4, a-pH 7, *-
pH 10,0-pH14
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Figure 3: Effect of concentration of thymol blue on the
extinction coefficient of Pb-hymol bluecomplex (pH 1)
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Figure4: Effect of temperatur eon Pb- thymol bluecom-
plexat pH1
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Figure5: Shelf life of Pb-thymol bluecomplex at pH 1

Resultsshowninfigure-3, 4, 5(supplementary ma-
terid) indicatethe stability dataof |ead thymol bluecom-
plex. It was found to be stable till 80°C. Therefore,
complex can bekept a moderatetemperaturefor study.
Therewasadlight positive deviationfrom Beer Lam-
bert relationship after 35minutes. Hence, itisbetter to
take readingswithin 30minutes of itspreparation. On
increasing theamount of thymol blueand keeping the
amount of lead constant Beer Lambert relationship was
validtill 400ppm. Above, thiscritica value negative
deviation wasobserved.

Theresultsshownin TABLE lindicatethefluctua
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tionsin concentration of lead in various samplesof col-
lyrium by gravimetric, visible and atomic absorption
spectroscopy. It is clear from the results that the
lump(raw) collyrium samplescontainlargeamounts of
lead contents where as some varieties of powder
samples contain | ess, except the powder sample (im-
ported from Saudi Arabia). The higher levelsmay be
attributed to the natural contamination of Pb with col-
lyrium rocks. Theresultsof visiblespectroscopy clearly
indicatethat itisbetter in sengtivity comparedtogravim-
etry. Themicro quantification of minuteamountsof lead
by AAS sharply compromise with theresultsobtained
from visblespectroscopy.

Themost strikingfeature of AAS method isthat it
isexcellent in reproducibility which isobtained upon
success vely aspirating the same samplesolution. The
atomic absorptionisalso virtually freefrom spectral
interferences, because aparticular element can only
absorb light of itsown characteristic frequency. Inter-
ferencesare confined mainly to theformation of refrac-
tory compounds dueto ionization and matrix interfer-
ence phenomenon. Light scattering effect manifestsit-
self asan apparent enhancement of the Pb measure-
ments. Itissignificant at wave ength bel ow about 2500A
for the determinations of themetalsin mediathat con-
tain heavy loading of foregnionsparticularly NaCl. The
interference occurswith thedirect estimation of Pbin
samplesat the 2170A line. To avoid possible interfer-
encesestimationiscarried out at 2833A.

Theresultsof lead contentsin varioussilver foils
areaso shownin TABLE 1. Themagjority of samples

TABLE 1: Percentageof lead contentscollyrium by different
methods

Sampling Gravj- VIS AA
Sample Form metric spectr o-spectr o-
area/brand
method scopy scopy
1 Lump Sﬁﬁfgoar‘tﬁ')a 136 182 170
2*  Lump  Loca market 238 250 226
3  Lump Loca market 204 204 223
4  Powder Loca market 0.00 060 0.63
5 Powder Local surmi, 0.00 025 0.24
6 Powder Latif Surmasada 0.00 0.30 0.29
7 PowderLatif surmaspecia 153 142 125
g powder SMdaAMIA 55 56, 50
(Imported)
9 Powder Hashmisurma 1.70 190 1.95

*Sample with maximum lead contents
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TABLE 2: Effect of cations (Al Fe?, Zn*?) on Pb contentsby visible spectroscopy at pH1

Lead Impurity Pb recovery with

Pb recovery with

Pb recovery with

ug/ml  pg/ml AlCI, Error FesO, Error Zn(CH3CO0), Error
50 10 50.00 0.00 50.00 0.00 50.00 0.00
50 20 50.20 0.20 50.20 0.20 51.00 2.00
50 30 50.20 0.20 50.50 0.50 52.00 4.00
50 40 50.30 0.30 50.70 0.70 52.00 4.00
50 50 50.40 0.40 50.70 0.70 52.25 4.50
TABLE 3: Effect of cations(Cu*? Ag™, Mg, Cd*?) on Pb contentsby visible spectroscopy at pH1
Impurity Pb recovery Pb recovery Pb recovery Pb recovery
ug/ml withCusO,  ='%  withAgNOs =" withMgsoa ="  withmgsoa /'O
10 52.00 4.00 52.00 4.00 52.50 5.00 52.50 5.00
20 54.00 8.00 54.00 8.00 54.00 8.00 54.00 8.00
30 54.00 8.00 56.00 12.0 54.50 9.00 54.50 9.00
40 55.00 11.0 56.00 12.0 56.00 12.0 56.00 12.0
50 55.60 12.0 56.00 12.0 58.00 16.0 58.00 16.0
analyzed by gravimetric method contain no detectable REFERENCES

lead contents. Thisnegativeresponse of themethod is
due to low sensitivity of the method. Only asingle
samplefound to contain lead 1.19% which may bedue
to high adulteration. Thissamplewasdull sllvery white
as compared to other samples. Response of different
methodswas sameasin collyrium.

Theresultsof TABLE 2 and 3(supplementary ma:
terid) indicatethe effect of variouscationicimpurities
on the absorbance of Pub- thymol blue complex at
544nm. Theimpuritieslike(Al*3, Fe™?, Zn*?)donot in-
terfere below 10ppm but heavy loading has apropor-
tiond effect. Whereas, Impuritieslike(Cu?, Ag, Mg,
Cd*?) interfere even below 10ppm. Hence, theseions
affect the accuracy of the method and should betaken
incongderationduringanaysis.

By applyingoneway ANOVA, itisfound that meth-
ods of analysisdiffer from each other(P>0.05). The
multiple comparison by Post hoctest shows, gravimet-
ric method differ from visible spectroscopy(P=0.037),
(P=0.022) and AAS(P=0.063), (P=0.005) for col-
lyrium and silver foilsrespectively. AASdiffer fromvis-
ible spectroscopy (P=0.781), (P=0.437) for collyrium
andsilver foil srespectively. Hence, instrumenta meth-
odsaredikeand are best for thedetermination of lead
contents.

CONCLUSION

Themanufacturing processof collyriumand silver
foilsshould bemonitored to minimizethelead contents.
Visible spectroscopy using lead thymol blue complex
can beapplied to quantify lead for routineanaysis.
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