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ABSTRACT

Toxic (Pb, Cd, Hg, Pd and Cr) aswell asessential (Zn, Mn, Ni, Co, Cuand Fe)
heavy metals in different types of Allopathic (Paracetamol and Citrazine
hydrochloride), Ayuurvedic (Mruthyunjaya Ras and Shwaskuthar Ras),
Unani (Habb-e Mubarak, Qurs-e Nazlaand Habe-Surfa) and Homeopathic
(Bryonia-200 and Allium Cepa-200) medicine commonly used against cold
and fever were determined by atomic absorption spectrometry (AAS). The
contentsof Cr, Hg, Pb and Fein formulations procured from different market
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outletswere found beyond the WHO permissible limits. Ayurvedic formula
tionswhen compared to Unani, Homeopathic and Allopathy contain higher
amounts of Hg and Pb. Unani and Ayurvedic formulations had higher quan-

tities of Fe compared to Allopathic and Homeopathy.
© 2010 Trade Sciencelnc. - INDIA

INTRODUCTION

Theandytica activitiesconcerningimpuritiesare
among themost important issuesin modern pharma-
ceutical analysisfor assurance of quality and safety of
drugs. Theinorganicimpuritiesgeneraly originatefrom
varioussourcesand phases, i.e., raw materids, reagents,
solvents, e ectrodes, catalysts, reaction vessdls, plumb-
ing and other equipments used during the synthesis of
pharmaceuti cal sand characteristic of thesyntheticroute
of manufacturing processesl. Heavy metas, dueto
their presenceand widedistributionin soil and environ-
mentd pollutionassimilatein herbd drugs?. Tracesof
cadmium and |ead were detected in many of the herbal
drugg¥. Monitoring of heavy metalsin processinter-
mediatesand final drug substancesisanimportant ac-
tivity in pharmaceuticd industry. It isnot only because
of their ability to catalyze decomposition but also po-

tentid for toxicity. Heavy metdslikelead and cadmium
in pharmaceuti cal s posetherisk of serious health haz-
ardseven at very low doses*®l. Longer occupational
exposures to lead cause adverse effects on psycho-
logica andbehaviord activitiesinlivingbeings. Anin-
take of 0.06 mg of Pb/day for aperiod of onemonthis
enough for chronic poisoning. ltschronictoxicity causes
kidney dysfunction, osteomal aciaand obstructivelung
diseases. Cadmium isanother human carcinogen’® as-
sociated with therisks of serioushealth hazards. It ac-
cumul atesin thehuman body and hasabiologica half-
lifeof 30 years. Anintakeof 1ppm of Hg/day leadsto
cause adverse effects on the renal and nervous sys-
temd”. Ni isawidely used heavy metal, whichexert a
potent toxic effect on peripheral tissuesaswell ason
the reproductive system. Nickel causes dose-related
decreasesin bonemarrow cellularity and in granulo-
cytemacrophage and pluripotent sem cdll proliferative


mailto:rnrao55@yahoo.com

372

Atomic absorption spectrometric determination of heavy metals

ACAIJ, 9(3) September 2010

Full Peaper ==

TABLE 1: Acceptabledaily intakeand disor der s of heavy
metals

TABLE 2: Operating par ameter sof flameatomic absor ption
perkin elmer aanalyst300, with gast air compr essor

Acceptable

S. Heavy daily intake
No metal (ADI) for

adult (PPM)

Adverse effects on the renal and nervous

Disorders

1 Hg 1
systems
2 0.3 nephrotoxic effects and bone damage ell
Irritation of gastrointestina tract, nausea,
3 Co 8 . )
diarrhea, lung and heart diseases
4 Cr 1.54 Respiratory cancers
5 Cu 215 V_i neyard sprayer’s lung and Wilson
disease
6 Fe 231 V(_)mlt! ng, cardiac (_jep_r on, metabolic
acidosis and Hepatic cirrhosis.
. Dermatitis, pulmonary fibrosis, reduces
7 Ni 1.85
sperm count and nasopharyngeal tumors.
8 Zn 169 Anemia and neurological degeneration
9 Mn 69.2 Parkinson Illke.syn.drome, respiratory and
Euro psychiatricdisorders
Adverse effects on the renal and nervous
10 Pb 10 systems encephal opathy, cognitive

impairment, behavioral disturbances,
anemia, and hypertension

responses, dermatitis, pulmonary fibrosis, reduces
sperm count and nasopharyngeal tumors®. High con-
tent of chromium intakeleadsto therespiratory can-
cersinhuman beingd®9. Heavy metals, evenintrace
levelsare considered to be harmful to human beings.
Disorders, aswell astheAcceptableDaily Intake (ADI),
of heavy metdsaregiveninTABLE 1. Thepermissible
levelsof heavy meta sin pharmaceuticalsare usually
defined by the regul atory agencies and controlled by
limit tests. Thesetests ensure that no inorganic-based
contaminantsareintroduced into thedrugsat any of the
stepsduring themanufacturing process. European Phar-
macopoeia (EP) has proposed alimit of 20ug g™ of Pt
incadumfolinatd™. The United Statespharmacopoeia
(USP), British Pharmacopoeia(BP), European Phar-
macopoeia (EP) and Japanese pharmacopoeia (JP)
propose collectivemonitoring of total meta contentin
pharmaceutical products. The methods involve the
precipitation of metd sulfidesfrom anagueoussolution
and visua comparison of thecolor to that of asmulta
neoudly and similarly treated standard sol ution of |ead.
These methods are non-specific, lesssensitive, time-
consuming and lessaccurate. Thusthereisagreet need
for development of highly sensitiveand selectivetech-
niquesfor determination trace meta sin pharmaceutica
substances not only to meet the stringent specifications

Conditions Hg Fe Zn Cu Mn Ni Co Cr Pb Cd

Slit width (mm) 07 02 07 07 02 0202 07 07 07

Cathode lamp current (mA) 6 30 15 15 20 25 30 25 10 4
Relative Noise 1 10 10 10 10 10 10 10 10 10
Resonance line (nm) 253.7248.8213.9324.7 279 .5 232240.7357.9217.0228.¢

Air flow Liter. min* 10 10 12 10 10 10 10 10 10 10
Acetyleneflow Liter. min* 3 1 2 1 3 3 1 3 3 1
Read Time 5 2 2 2 5 3 3 2 2 2

Read Delay 1 1 1 1 1 1 1 1 1 1

but also ensurethe safety and efficacy of drugsfor hu-
man consumption.

Severd attemptsweremade on estimation of heavy
meta contamination of herba drugsand pharmaceuti-
cd products. Rao et a .2 reviewed the appli cati ons of
ICP-MSindetermination of tracelevel inorganicim-
puritiesin drugsand pharmaceuticals. ICP-M S coupled
with LC, GC and CE wasused for speciation of heavy
metal sin pharmaceutica products. Thereview covered
the period from 1995 to 2005 during which thetech-
niquewasapplied not only for determination of metdlic
impuritiesbut also the assay of varioustrace elements
in pharmaceuticas. Murthy et d .[*3* reported the lev-
elsof Pbin haematopoietic drugsusng FAAS. Anca
lulia Stoicaet al.l*® have determined the content of
cobalt in pharmaceutical productsof B, , vitamin by
spectrometric (FAAS, GFAAS and ICP-AES) and
electrometric (AdSV) techniques. Thematrix effects
wereovercome by using standard addition technique.
Nancy Lewen® developed arapid ICP-MS screen
for heavy metalsin pharmaceutical compoundsasan
dternativeto thewet chemical heavy metastest pre-
scribed by the United States Pharmacopoeia (USP),
British Pharmacopoeia(BP), Japanese Pharmacopoeia
(JP) and European Pharmacopoeia (EP).

VanessaSteenkamp et al . determined meta con-
centrationsin plantsand urinefrom patientstrested with
traditiona remedies. A number of traditional SouthAf-
rican herbal remediesassociated with morbidity and
mortality wereandyzed for selenium, manganese, cop-
per, lead, zinc and mercury contents. Few showed high
levelsof toxic metals, but the concentrationswere suf-
ficiently high asto cause concern sincetherewasno
quality control onthe production of suchremedies. Urine
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TABLE 3: Heavy metalsconcentration (ppm) in thedifferent typesof antipyreticdrugsB.D = Below detection limit: Detection
limits: Cd-0.0015ppm: Cr-0.006ppm: Ni-0.01ppm: Co-0.005ppm: Zn-0.001ppm: M n-0.002ppm

s . . Toxic Elements Essential Elements
No Disease Formulations System type -

Cd Cr Hg Ni Pb Cu Fe Co Zn Mn
1 Paracetamol Allopathic B.D 47+0.2 21245 0.5+0.09 12.5t0.1 3.9+0.2 61.8+3.5 0.44+0.09 B.D B.D
2 Fover Mruthyunjaya Ras Ayurvedic  B.D 10.9+0.5 6561+10.9 21.1+0.8 39.4+1.6 14+0.5 540.6+10.6 B.D 11.1+0.2 16.2+0.5
3 Habb-e Mubarak Unani B.D B.D B.D  0.24+0.01 20+04 55+0.3 158.4+2.5 0.44+0.05 11.7+1.5 9.5+0.4
4 Bryonia—200 Homeopathic B.D 31.9+1.4 B.D B.D 16.3+0.8 0.06+0.01 232.4+5.6 B.D B.D B.D
5 Citrazine hydrochloride Allopathic  B.D 87.5+3.5 44.2+1.8 36.9+2.1 15.1+0.8 11.7+0.3 349.6+6.5 5.4+0.4 B.D B.D
6 Shwaskuthar Ras Ayurvedic B.D B.D 9752+35 2.5+0.3 63.5+4.5 14.4+0.4 317.6+5.5 1.9+0.02 10.6+0.3 46.1+2.1
7 Cold  Qurs-eNazla Unani B.D B.D B.D 3.3+0.2 27.2£2.5 13.740.5 833+6.5 1.3+0.2 16.1+0.6 129.7+5.4
8 Habe-Surfa Unani B.D B.D B.D 4.3+0.3 20+0.4 13.7£0.6 719.4+5.4 3.02+0.09 17.8+0.1 99.3+2.9
9 Allium Cepa-200 Homeopathic B.D 6.6+0.3 B.D B.D 14.2+0.8 5.1+0.4 190.7£3.5 B.D B.D B.D

sampl es, obtai ned from 65 patients admitted to hospi-
tal following treatment with atraditiona herba rem-
edieswered so anayzed for metals. Thedatasuggested
that, in contrast to experiencewith traditional Chinese
and Indian preparations, metd contamination fromplants
seemsnot highintraditiona South African remedies.
Analysisof Indian mint (Mentha spicata) for essentid,
trace and toxic elements and itsantioxidant behavior
was reported by Garg et al.*®. Orisakwe et al.[*9 as-
sessed the heavy metal hazards of herbal remediesnot
regulated in Nigeriaand reported the contents of cad-
mium, copper, iron, nickd, selenium, zinc, lead and mer-
cury inrandom samples of Nigeriantraditional prod-
ucts. Ready-to-useherbd products purchased fromthe
open market weredigested using HNO, and the heavy
meta contentswere determined by atomic absorption
spectrometry. The results showed that 100% of the
samples contained el evated amounts of heavy metals
and adert the possibility of heavy metal toxicity from
herbal productsin Nigeria. Mascini et al.[?% proposed
the application of disposableelectrochemical sensors
associated with dectroanayticd instrumentationfor the
detection of heavy metalsin herbal drugs. In particular
samplesof &. John’s wort were analysed applying an-
odic stripping voltammetry. The content of Cd and Pb
were evaluated. | CP spectroscopy was used asaref-
erencemethod. Metal monitoring asapattern recogni-
tion method isapromising tool in the characterization
and/or standardization of phytomedicines. Gomez et
al > have determined the amounts of Ca, Cu, K, Li,
Mg, Mn, Na, Ni, and Znin phytopharmaceutical de-
rivatives of Hypericum perforatum by flame atomic

absorption spectrometry (FAAS) and e ectrothermal
atomic absorption spectrometry (ETAAS). The Drug
Control Authority (DCA), Mdaysd?? andyzedfor the
presenceof heavy toxic metal, mercury, intongkat Ali
hitam herbal preparati ons by atomi c absorption spec-
trophotometer, after performing asimplerandom sam-
pling to enable each sample an equal chance of being
selected in an unbiased manner. Results showed that
26% of these products possessed 0.53-2.35ppm of
mercury, and therefore, do not comply withthequality
requirement for traditiond medicinesinMaaysia. The
quality requirement for traditiona medicinesinMaay-
sianot exceeds 0.5ppm for mercury. Fourteen minera
and trace elements (Al, Ba, Ca, Cd, Co, Cr, Cu, Fe,
Mg, Mn, Ni, Pb, Sr and Zn) were determined in the
herbs and their infusions consumed for medical pur-
poses in Turkey such as chamomile (Matricaria
chammomileL.), fennel (Foeniculumvulgare), lin-
den (Tiliavulgaris), nettle (Urtica dioical), rosehip
(Fr.Rosa caninae), sage (Salvia officinalis) and senna
tea(Cassiaanqustifolia). Microwavedigestion pro-
cedurewasapplied under optimized conditionsfor dis-
solution of medicina herbs. Element concentrationsin
themedicinal herbsand thair infus onsweredetermined
by FAAS and ICP-AES?!. The accuracy and preci-
sonwereverified aganst aGBW 07605 Poplar leaves
and teacertified reference material. Themineral and
trace e ement content of medicind herbsand ther infu-
sionsshowed awide variability. The determination of
trace el ementsin Hypericum perforatum leaves and
flowers, their tess, tincturesand tabletswas carried out
by ETAAS and ultrasonic nebulization system coupled
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to Inductively Coupled PlasmaOptica Emission Spec-
trometry (USN-ICP-OES)?4. Cddaset d.*! reported
the concentration of Pb, Cd, Hginbrezilian herba medi-
cine of ginkgo biloba (Ginkgo biloba), celastraceae
(Maytenusilicifolia), cascarabuckthorn (Rhamnus
purshiana), eggplant (Solanum melongena), horsechest-
nut (Aesculushippocastanum), Brazilian ginseng (Pffefia
glomerata), centella asiatic (Hydrocotyle asiatica),
guarana (Paullinia cupana), artichoke (Cynara
scolymus) and chlorella(Chlordlapyrenoidosa) using
AAS. Few showed high levelsof Pb, and Hg, but the
concentrationswere sufficiently high asto cause con-
cern sincetherewas no quality control on the produc-
tion of such remedies.

However, intheliterature, acomparison of theheavy
metal contents of Allopathic, Ayurevdic, Unani and
Homeopathic wasnot reported. Thus, the present sudy
has great potential and significancein comparing the
heavy metal contentsof different syssemsof medicine.
Atomic spectroscopic techniquesviz.,AAS, ICP-AES
and ICP-M Sarewidely used for analysisof trace met-
als. AASisthemost extensively used technique for
determination of metalsin deferent sample matrices.
Generaly flame-AAS (FAAS) and graphite furnace
AAS(GFAAYS) are used depending upon the concen-
tration of the analytesto be determined. The present
paper describes the estimation of trace levelsof Pb,
Ni, Hg, Cd, Zn, Mn, Co, Ni, Cu and Fe contamina-
tionsindifferent systemsof Allopathic, Ayurvedic, Unani
and Homeopathi c drugs used against common colds
and fever. The heavy metal contentsof different sys-
temsof medicinewere compared.

EXPERIMENTAL

Apparatus

Atomic absorption spectrophotometer (Perkin
Elmer Aanayst 300, USA), Hollow cathodelamp was
used for detection of Lead, Cadmium, Copper, Nicke,
Iron, Cobalt, Chromium, Manganese, Mercury and
Zinc. Theinstrument was cdibrated with standard so-
|utions using the concentration mode and instrument
conditionsweregiveninthe TABLE 2. Thestandard
reference materialsof al the metals(E. Merck, Ger-
many) were used to provide calibration and quality

Hnalytical CHEMISTRY o

assurancefor each andytical batch. Replicate (n=3)
anayseswere conducted to assessprecison of theana
lytica techniques.

Reagents

All reagentswere of analytical grade. Sub-boiled
water and conc. HNO, (69%) (Merk, India) were used
inthepreparation of samples. Stock standard solutions
of Zn, Cu, Fe, Mn, Pb, Ni, Cr, Co, Cd and Hg con-
taining 1000ppm of each metal, were prepared. Cali-
bration standards of each element were obtained by
appropriatedilution of thestock solutions. All Allopathic,
Homeopathic, Unani and Ayurvedic drug samplewere
procured from market outlets.

Samplepreparation

To estimatethemeta sin thedifferent typesof drug
samples of cold and fever, 1.0g powdered drug was
takenin 100ml beaker, 5ml conc. HNO, were added
and kept overnight (16 h). The solution was digested
onahotplateat 80°C for 10 min and allowedto cool at
room temperature. 20ml of sub-boiled distilled water
was added to the sol ution andfiltered through Whatman
filter paper No.42 into astandard flask. Thefina vol-
umewas made up to 100ml with sub-boiled ditilled
water. Necessary precautionswere adopted to avoid
possi ble contamination of the samples.

RESULTSAND DISCUSSION

Allopathic (Paracetamol and Citrazine hydrochlo-
ride), Ayurvedic (MruthyunjayaRas and Shwaskuthar
Ras), Unani (Habb-e Mubarak, Qurs-e Nazla and
Habe-Surfa) and Homeopathic (Bryonia—200 and Al-
lium Cepa-200) used against cold and fever were se-
lected. The present study wasamed at the determina
tion of heavy metal content of Indian system of medi-
cineviz: Ayurvedic, Unani and Homeopathy to com-
parenot only amongst themsd vesbut d o vis-a-viswith
Allopathic system of medicine. Heavy metalssuch as
Pb, Cd, Hg, Pd, Cr, Zn, Mn, Ni, Co, Cuand Fewere
estimated by AAS. The method was developed by
varying dit width, cathodelamp current and resonance
linewidth by analyzing standard reference materials
supplied by E.Merck, Germany. Theoptimized instru-
menta parametersaregivenin TABLE 2. Themethod

Au Tudian Yournal
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Figure2a: Hg concentration in fever drugs

wasvalidated in termsof accuracy, precision, linearity
and range, the linearity of detector response was esti-
mated by each metal standard solution of
1.0,2.0,5.0,10.0pug/ml. By plotting absorbance verses
meta concentration, alinear relationship was obtai ned.
The results were found to be in agreement with
RSD<4% (average of threedeterminations). TheRSD
vauesinal measurementsof drug sampleswere <5%.

Toxic metals

Paracetamol contai ned minimum concentration of
Pbwhileit wasmaximum in Shwaskuthar Ras (Figure
1). According totheWHO®?, apermissiblelimit of Pb
in human beingsand the acceptabledaily intake (ADI)
is10 ppm (TABLE 1)9, But, the drugs examined
contain beyond the permissiblelimitsi.e. in ranges of
12.5t063.5ppm (TABLE 3). Thehighest total Pb con-
centration wasfoundin theAyurvedic drugsfollowed
by Unani drugs, Homeopathic drugsand Allopathic
drugs. Thiscould bedueto thefact that the preparation
of Ayurvedicand Unani formulationsinvolvesthe usage

—— Fyll Peper
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of Po. All cold preparationswere having thehigh amount
of toxicand essentid metad concentrationsthanthedrugs
used against fever.

The maximum Cr concentration was observed in
the Citrazine Hydrochl oridefollowed by Homeopathic
and Unani drugswhile Shwaskuthar Rascontain Cr the
bel ow thedetection limit (Figure 1). The highest con-
tent of Cr wasfound intheAllopathic drugsfollowed
by Homeopathic and Ayurvedic drugs. All Unani drugs
werehaving the Cr content bel ow detection limit. The
Allopathic, Homeopathic and MruthyunjayaRas con-
tained Cr in the range of 6.66ppm to 87.52ppm
(TABLE 3) higher thanthe permissiblelimit 1.54ppm
(TABLE 1). Thepossible sourcesof CrinAllopathic
drugs could be CrO,, H,CrO, and H,Cr,O, used as
regentsand catalysts.

Permissiblelimit of Ni is1.85ppb (TABLE 1)19,
The maximum concentration of Ni was found in
Ayurvedic drugsfollowed by Unani, Homeopathic and
Allopathic drugs (Figure 1). All Homeopathic drugs
were havingthe Ni content below detection limit where
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asremaining systemshave shown higher concentrations.
The highest total Ni concentration wasfoundinAl-
lopathic followed by Ayurvedic and Unani drugs
(TABLE 3).

Interestingly, thedrugsunder investigation accumu-
lated Cd at alevel appreciably below the permissible
level (0.30ppm) (TABLE1). Onthebasisof thesere-
sultsit may be assumed that the drugs are safe with
respect to Cd toxicity.

The Shwaskuthar Ras has shown highest Hg con-
centration followed by MruthyunjayaRasand Allopathic
drugs. The Unani and Homeopathic drugscontain Hg
concentrationsbel ow itsdetectionlimit (Figure3). The
highest total Hg concentration wasalso found in the
Ayurvedic drugsfollowed by Allopathic drugs. Hgis
themost toxic element as designated by WHO?" and
FDA. It’s permissible limit is ppm. The results ob-
tained in the present investigation show that the
Ayurvedic andAllopathic drugs contain higher concen-
tration of Hg (44 to 9752ppm) whereas Unani and
Homeopathi ¢ systems having bel ow detection limits
(TABLE 3). This could be dueto thefact that Hgis
generaly used in preparation of Ayurvedic formul ations

Essential elements

The concentration of Fewasfound to bemaximum
in Habe-Surfa (cold Unani drugs) followed by
Ayurvedic, Homeopathic and Allopathic drugs (Figure
1). Thehighest totd Feconcentration wasfoundin Unani
followed by Ayurvedic, Homeopathic and Allopathic
drugs. Feis considered to beamicronutrient® witha
permissiblelimit of 231ppm (TABLE 1). Both, Allo-
pathic and Homeopathic drugs were having the per-
missiblelimitsof FewhereasAyurvedicand Unani drugs
beyond thelimitsi.e. intherange of 317 to 833ppm
(TABLE 3). Thismay beduetothefact that Feismost
abundant metal intheearth’s crust and plants materials.

The maximum concentration of Znwasfoundin
Unani drugsfollowed by Ayurvedic drugs. Allopathic
and Homeopathi c drugswere having the bel ow detec-
tionlimit of Zn (Figure 1). All drugscontainlow con-
centration of Znthanthepermissiblelimit (TABLE 3).
Onthebasisof ADI it may be suggested that thedrugs
aresafeasfar asZntoxicity isconcerned.

Copper isrelevant to human beingsbecauseitis
both essential and toxic depending on the dose and

Hnalytical CHEMISTRY o

duration of exposure. Themaximum Cu concentration
wasfoundinAyurvedic drugsfollowed by Unani, Ho-
meopathic andAllopathic drugs (TABLE 3). Thehigh
concentration of CuintheAyurvedic and Unani drugs
might be enrichment of Cu in herbal plants based on
enzymatic participation in redox reactiong?”, super
oxide dismutase® and cytochrome oxidase. ADI for
Cuis21.5ppm (TABLE 1). All the drugs contained
low Cu concentration thanthepermissiblelimit (Figure
1). Onthebasisof ADI it could be suggested that the
drugsaresafeintermsof Cutoxicity.

A maximum of 5.4 ppm of Cowasfoundin cetrazine
hydrochloridewhen compared to other drugs. TheHo-
meopathic drugswere having lowest Co concentration.
Thehighest total Co concentration wasfoundinAllo-
pathic drugsfollowed by Unani, Ayurvedic and Ho-
meopathic drugs. The concentration of Co necessary
per day for human body is8ug (TABLE 1)U, Except
Homeopathic drugs and Shwaskuthar Ras, theremain-
ing drugs have shown excess content of Coi.e.inthe
range of 0.44ppm to 5.4ppm (TABLE 3). The high
concentration of CoinAyurvedic drugsmight bedueto
theenrichment of Cointheplant materias.

Maximum concentrationsof Mnwereestimatedin
Habe-Surfaand Qurs-e Nazlaformulations of Unani
used against cold. Similarly theformulationsof Unani
agang fever aso showed maximum content of Mn (Fg-
urel). Thehighest total Mn concentrationwasfoundin
Unani followed by Ayurvedic drugs (TABLE 3). Ho-
meopathic and Allopathic drugswere having below the
detection limit of Mn. ADI for the Mn is 69.2ppm
(TABLE 1). The high concentration of Mnin Unani
and Ayurvedic drugsmight be dueto the enrichment of
Mnintheplant materias.

CONCLUSIONS

Heavy meta content of Indian system of medicine
used against cold and fever wasdetermined by AAS
and compared with themodern western medicine. All
cold preparationswere having thehighamount of toxic
and essential metal concentrationsthan thedrugsused
againgt fever. ToxicmetaslikePb, Ni and Hg, and es-
sential metal Cu concentrationswerefound highestin
theAyurvedic drugswhile Cr wasleastintheAyurvedic
drugs. The content of Cr and Co were highest in the
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Allopathic drugswhileFe, Znand Mnwerein Unani
followed by Ayurvedic drugs. Unani formulation con-
tain below detection limitsof toxic metals Cr and Hg.
Ni, Co, Zn, Mnwerefound bel ow detection limitsin
the homeopathic drugs. All the drugswere having the
below detection of Cd. Thisinvestigation providesa
status of heavy metal concentrationinvariousdrugsof
Indian system of medicinesold inthe market. There
should be periodical assessment of heavy metal con-
centrationin all drugs, in order to have quality assur-
ance and safer use of drug products.
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