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AYURVEDA IS A TRADITIONAL

medical system used by a ma-
jority of India’s 1.1 billion
population.1 Ayurveda is also

used worldwide by the South Asian di-
aspora and others.1 However, since
1978 more than 80 cases of lead poi-
soning associated with Ayurvedic medi-
cine use have been reported world-
wide.2,3 Ayurvedic medicines are
divided into 2 major types: herbal-
only and rasa shastra. Rasa shastra is
an ancient practice of deliberately com-
bining herbs with metals (eg, mer-
cury, lead, iron, zinc), minerals (eg,
mica), and gems (eg, pearl).4,5 Rasa shas-
tra experts claim that these medicines,
if properly prepared and adminis-
tered, are safe and therapeutic.4,5 Of 70
Ayurvedic medicines manufactured in
South Asia and sold in Boston, Massa-
chusetts, stores in 2003, we found that
20% contained lead, mercury, and/or ar-
senic.6 Estimated daily lead, mercury,
and arsenic intakes for these products
were all higher than regulatory limits.
We identified several rasa shastra medi-
cines that could cause lead and mer-

cury ingestions exceeding US Environ-
mental Protection Agency (EPA) limits
by 3 to 4 orders of magnitude. Similar
results have been found in other North
American cities.7-10
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Context Lead, mercury, and arsenic have been detected in a substantial proportion
of Indian-manufactured traditional Ayurvedic medicines. Metals may be present due
to the practice of rasa shastra (combining herbs with metals, minerals, and gems).
Whether toxic metals are present in both US- and Indian-manufactured Ayurvedic medi-
cines is unknown.

Objectives To determine the prevalence of Ayurvedic medicines available via the
Internet containing detectable lead, mercury, or arsenic and to compare the preva-
lence of toxic metals in US- vs Indian-manufactured medicines and between rasa shas-
tra and non–rasa shastra medicines.

Design A search using 5 Internet search engines and the search terms Ayurveda and
Ayurvedic medicine identified 25 Web sites offering traditional Ayurvedic herbs, for-
mulas, or ingredients commonly used in Ayurveda, indicated for oral use, and avail-
able for sale. From 673 identified products, 230 Ayurvedic medicines were randomly
selected for purchase in August-October 2005. Country of manufacturer/Web site
supplier, rasa shastra status, and claims of Good Manufacturing Practices were re-
corded. Metal concentrations were measured using x-ray fluorescence spectroscopy.

Main Outcome Measures Prevalence of medicines with detectable toxic metals
in the entire sample and stratified by country of manufacture and rasa shastra status.

Results One hundred ninety-three of the 230 requested medicines were received
and analyzed. The prevalence of metal-containing products was 20.7% (95% confi-
dence interval [CI], 15.2%-27.1%). The prevalence of metals in US-manufactured prod-
ucts was 21.7% (95% CI, 14.6%-30.4%) compared with 19.5% (95% CI, 11.3%-
30.1%) in Indian products (P=.86). Rasa shastra compared with non–rasa shastra
medicines had a greater prevalence of metals (40.6% vs 17.1%; P=.007) and higher
median concentrations of lead (11.5 µg/g vs 7.0 µg/g; P=.03) and mercury (20 800
µg/g vs 34.5 µg/g; P=.04). Among the metal-containing products, 95% were sold
by US Web sites and 75% claimed Good Manufacturing Practices. All metal-
containing products exceeded 1 or more standards for acceptable daily intake of toxic
metals.

Conclusion One-fifth of both US-manufactured and Indian-manufactured Ayur-
vedic medicines purchased via the Internet contain detectable lead, mercury, or
arsenic.
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The prevalence of metals in Ayur-
vedic medicines sold via the Internet
and in those manufactured in the
United States is unknown. Whether rasa
shastra medicines account for most
Ayurvedic medicines containing met-
als and whether they are manufac-
tured by US companies or widely avail-
able to US consumers is also unknown.

Thus, this investigation was de-
signed with 3 major objectives: (1) to
determine the prevalence of Ayur-
vedic medicines available via the Inter-
net containing detectable lead, mer-
cury, or arsenic; (2) to compare the
prevalence of toxic metals between US-
and Indian-manufactured products; and
(3) to compare the prevalence of toxic
metals in rasa shastra vs non–rasa shas-
tra medicines. We also compared the
daily amounts of lead, mercury, and ar-
senic that would be ingested by per-
sons taking these products according
to packaging recommendations with ac-
ceptable metal consumption limits sug-
gested by government, industry, and the
World Health Organization.

METHODS
Selection of Ayurvedic Medicines

To select Internet-available Ayurvedic
medicines for analysis, a strategy used
by Morris and Avorn was adapted.11 An
Internet search was conducted in No-
vember-December 2004 using 5 search
engines (Google, Yahoo, AOL, MSN,
and Ask Jeeves) and the key words
Ayurveda and Ayurvedic medicine. Web
sites listed on the first page of results
from each search engine were re-
viewed and all products that met the fol-
lowing inclusion criteria identified: (1)
traditional Ayurvedic herbs, formu-
las, or containing ingredients com-
monly used in Ayurveda; (2) indi-
cated for oral use; and (3) available for
sale. The 673 identified products were
entered in a database and a computer-
generated random number sequence
was used to select 230 products for pur-
chase. Presuming equal numbers of US-
and Indian-manufactured products, this
sample size provided 90% power to
demonstrate a 10% difference in metal
prevalence (�=.05). Products were or-

dered online during August-October
2005. Web site suppliers were not in-
formed of the reason for our pur-
chase.

Data Collection

We recorded the name of each medi-
cine, its manufacturer, and the Web site
supplier selling the product. Country
of manufacture was defined as the coun-
try where the product was formulated
(eg, made into a capsule or tablet) and
packaged for sale. The country of the
Web site supplier was determined from
the contact information provided on the
Web site. We also recorded formula-
tion, indications, dosage(s), and cost.
An Indian-trained Ayurvedic physi-
cian (A.S.) classified medicines as rasa
shastra if they contained metals, min-
erals, or gems traditionally used ac-
cording to 2 classic texts.4,5 Manufac-
turers claiming Good Manufacturing
Practices or metal testing were noted.
We determined whether US manufac-
turers were members of the American
Herbal Products Association (AHPA),
a trade organization committed to
“high-quality herbal products” and
“promotion of self-regulation”12 from
membership lists available on the as-
sociation’s Web site. For Indian manu-
facturers, membership in the Ayurv-
eda Drug Manufacturers’ Association
(ADMA), committed to “standards and
quality amongst its members,”13 was
similarly noted. We asked US manu-
facturers anonymously by telephone
where the herbs used for their prod-
ucts were grown. We presumed that
herbs used by Indian manufacturers
were grown in India. Classification of
medicines by these characteristics was
done without knowledge of the medi-
cines’ metal content.

Products were transferred to plastic
vials (Tri-State Distribution, Sparta,
Tennessee) with anonymous unique
identifiers and transported to the New
England Regional EPA laboratory with-
out interruption in chain of custody.
From March to October 2006, samples
were analyzed in duplicate for lead,
mercury, and arsenic concentrations
using x-ray fluorescence spectroscopy

as previously described.6 The mini-
mum lead, mercury, and arsenic con-
centrations that could be detected in
the medicines with x-ray fluorescence
were 5 µg/g, 20 µg/g, and 10 µg/g, re-
spectively. Analysts were blinded to
the medicines’ rasa shastra status,
country of origin, and manufacturer
characteristics. Standard reference ma-
terials were analyzed alongside the
products as positive and negative con-
trols.

Data Analysis

Product characteristics were summa-
rized using descriptive statistics. The ra-
tio of products with detectable lead,
mercury, and/or arsenic to the num-
ber of products analyzed defined the
prevalence of metal-containing Ayur-
vedic medicines in the sample. Ninety-
five percent confidence intervals were
calculated using the exact binomial
distribution. Products were stratified
by country of manufacture and the
metal prevalences of US- and Indian-
manufactured products were com-
pared using the Fisher exact test. Re-
ported metal concentrations are the
means of the 2 determinations. In du-
plicate analysis of 4 products, one lead
measurement was below the detection
limit of 5 µg/g and the other was at or
slightly above the limit; for each of these
products the reported lead concentra-
tion is the mean of the latter measure-
ment and 0. Median metal concentra-
tions in US- and Indian-manufactured
metal-containing products were com-
pared using the Wilcoxon rank sum
test. Similar analyses to compare metal
prevalence and concentrations be-
tween rasa shastra and non–rasa shas-
tra medicines were performed. The
Fisher exact test was used to compare
characteristics of metal- and non–metal-
containing products such as the coun-
try of manufacture and Web site sup-
plier, rasa shastra status, manufacturer
membership in AHPA and ADMA,
Good Manufacturing Practices claims,
formulation, herb source, cost, and in-
dication. All analyses were 2-tailed, and
P�.05 was considered statistically
significant.
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Table 1. General Characteristics of 230 Ayurvedic Medicines Randomly Selected for Purchase

Characteristics
Products Analyzed

(n = 193)a

Products
Not Received
or Excluded

(n = 37)a
P

Value
Country of manufacture

United States 115 (59.6) 22 (59.5)
India 77 (39.9) 10 (27.0) .51
Canada 1 (0.5) 0
Unknownb 0 5 (13.5)

Country of Web site distributor
United States 175 (90.7) 34 (91.9)

�.99
India 18 (9.3) 3 (8.1)

Rasa shastra medicinec

Yes 32 (16.6) 4 (10.8)
No 158 (81.9) 29 (78.4)

.61

Unknownb,d 3 (1.5) 4 (10.8)
Manufacturer member of AHPA

Yes 46 (23.8) 11 (29.7)
No 139 (72.0) 21 (56.8)

.28

Unknownb 8 (4.2) 5 (13.5)
Manufacturer member of ADMA

Yes 25 (13.0) 11 (29.7)
No 160 (82.9) 21 (56.8)

.008

Unknownb 8 (4.1) 5 (13.5)
Manufacturer claims GMPs or metal testing

Yes 151 (78.2) 19 (51.4)
No 34 (17.6) 13 (35.1)

.009

Unknownb 8 (4.2) 5 (13.5)
Formulation

Capsule 83 (43.0) 18 (48.7)
Tablet 66 (34.2) 9 (24.3)
Liquid 16 (8.3) 1 (2.7)

.53
Paste 16 (8.3) 1 (2.7)
Powder 6 (3.1) 2 (5.4)
Other (tea, lozenge, oil) 6 (3.1) 1 (2.7)
Unknownb 0 5 (13.5)

Source of herbs
India 168 (87.1) 24 (64.9)
United States 1 (0.5) 0 .45
Other 22 (11.4) 5 (13.5)
Unknownb 2 (1.0) 8 (21.6)

Cost per package, median (range), 2005 US $e 15.95
(4.79-54.98)

14.95
(0.34-34.95)

.09

Pediatric indications 8 (4.2) 0 .36
Recommended indication(s)f

“Tonic” (eg, well-being, immune support) 93 (48.2) 14 (37.8) .28
Gastrointestinal problems (eg, digestion, constipation, flatulence, bloating, diarrhea,

nausea, hemorrhoids)
92 (47.7) 19 (51.4) .72

Mental health (eg, depression, anxiety, “mental stress”) 50 (25.9) 5 (13.5) .14
Genitourinary problems (eg, cystitis, infertility, menstrual disorders) 50 (25.9) 4 (10.8) .06
Cardiovascular problems (eg, “cardiotonic,” high cholesterol, palpitations) 47 (24.4) 8 (21.6) .84
Respiratory problems (eg, upper respiratory tract infection, cough) 28 (14.5) 5 (13.5) �.99
Dermatologic problems (eg, rash, irritation) 20 (10.4) 6 (16.2) .39
Pain (eg, arthritis, myalgias, headache) 18 (9.3) 7 (18.9) .14
Other (eg, poor eyesight, rickets, stroke) 33 (17.1) 11 (29.7) .11

Abbreviations: ADMA, India-based Ayurveda Drug Manufacturers’ Association; AHPA, US-based American Herbal Products Association; GMPs, Good Manufacturing Practices.
aData are expressed as No. (%) unless otherwise indicated.
bNot included in statistical comparison between products tested and products not received or excluded.
cRasa shastra medicines are elaborately prepared compounds combining herbs with metals, minerals, and gems. An Indian-trained Ayurvedic physician (A.S.) classified medicines

as rasa shastra if they contained metals, minerals, or gems traditionally used according to 2 classic rasa shastra texts.4,5

dRasa shastra status could not be determined because of a product with a proprietary name and an incomplete or absent listing of ingredients on the label and Web site.
eOne package would typically provide a 1-month supply of medicine if taken as directed.
fAyurvedic medicines often had multiple indications.
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Productmetalconcentration,unitdose
weight, and labeled recommended dos-
age(s)wereusedtocalculatetheamounts
of lead, mercury, and arsenic that would
be ingested on a daily basis if the prod-
uct was taken as suggested by the manu-
facturer.Theseestimateswerecompared
with established acceptable daily limits
for metal ingestion. The California Safe
DrinkingWaterandToxicEnforcement
Act (California Proposition 65) has es-
tablished maximum allowable dose lev-
els for chemicals causing reproductive
toxicity (for lead,0.5µg/d).14 TheAmer-
icanNationalStandardsInstitute(ANSI)/
NationalSanitationFoundation(NSF)In-
ternationalDietarySupplementStandard
173 is a standard developed by NSF In-
ternational,aUS-basedindependent,non-
profit, nongovernmental organization,
andadoptedbyANSI.ANSI173provides
guidelines to the dietary supplement in-
dustry on methods to test and evaluate
products, includingaccuracyof labeling
and the presence of specific undeclared
contaminantssuchas toxicmetals.ANSI
173statesthatdietarysupplementsshould
notcontainundeclaredmetalsthatwould
causeintakesgreater than20µg/dof lead,
20 µg/d of mercury, and 10 µg/d of ar-
senic.15 TheEPAhasestablisheddailyref-
erencedosesof21µg/dof inorganicmer-
curyand21µg/dof inorganicarsenic for
a70-kgadult.16TheFoodandAgricultural
Organization/WorldHealthOrganization
Joint Expert Committee on Food Addi-

tives establishes provisional tolerable
weekly intakes forcontaminants infoods
of25µg/kgof lead,1.6µg/kgofmercury,
and 15 µg/kg of arsenic, corresponding
toacceptabledaily intakesof250µg/dof
lead, 50 µg/d of mercury, and 150 µg/d
of arsenic for a 70-kg adult.17

SAS software, version 9.1 (SAS In-
stitute Inc, Cary, North Carolina) was
used for all analyses. The Boston Uni-
versity Medical Campus Institutional
Review Board exempted the study from
human subjects review.

RESULTS
The Internet search identified 25 Web
sites featuring 673 Ayurvedic medi-
cines. Of 230 products randomly se-
lected for purchase, we received and
analyzed 193 (84%) made by 37 differ-
ent manufacturers. Reasons for failure
to fill our orders included the follow-
ing: 21 products were no longer avail-
able or out of stock; 1 supplier refused
to fill our order of 14 products after rec-
ognizing that we were authors of a pre-
vious study of Ayurvedic medicines6; 1
product received was a duplicate; and
1 product was excluded from study be-
cause it was for topical use only. Ana-
lyzed and unavailable products did not
differ significantly for most character-
istics assessed (TABLE 1).

Overall, the prevalence of Ayur-
vedic medicines containing detectable
lead, mercury, and/or arsenic was 20.7%

(TABLE 2). Lead was the most com-
monly found metal, followed by mer-
cury and arsenic. The prevalence of
metal-containing products did not
differ significantly between US- and
Indian-manufactured products. The
median lead concentration in Indian-
manufactured vs US-manufactured
lead-containing products was similar.
Mercury was present in greater con-
centrations in Indian-manufactured
products. Rasa shastra compared with
non–rasa shastra medicines were more
than twice as likely to contain metals.
Rasa shastra metal-containing medi-
cines had higher lead and mercury me-
dian concentrations than non–rasa
shastra metal-containing medicines.

The Ayurvedic medicines with detect-
able metals and their manufacturers,
Web site suppliers, rasa shastra status,
and metal concentrations are summa-
rized in TABLE 3. Ayurvedic medicines
manufactured in the United States
contained primarily lead at concentra-
tions below 25 µg/g, whereas Indian-
manufactured medicines contained both
lead and mercury at concentrations that
reached 104 µg/g. Rasa shastra medi-
cines were more likely to be manufac-
tured in India. Agnitundi Bati, Ekang-
vir Ras, and Arogyavardhini Bati were
Indian-manufactured rasa shastra
medicines distributed by US Web sites
with extremely elevated lead and
mercury concentrations. In contrast,

Table 2. Prevalence and Median Concentrations of Lead, Mercury, and Arsenic in Ayurvedic Medicinesa

All Products
(n = 193)

US-Manufactured
Products
(n = 115)

Indian-
Manufactured

Products
(n = 77)

P
Valueb

Rasa Shastra
Medicines

(n = 32)

Non–Rasa Shastra
Medicines
(n = 158)

P
Valuec

Prevalence, % (95% CI)
Lead, mercury,

or arsenic
20.7 (15.2-27.1) 21.7 (14.6-30.4) 19.5 (11.3-30.1) .86 40.6 (23.7-59.4) 17.1 (11.6-23.9) .007

Lead 19.2 (13.9-25.4) 20.9 (13.9-29.4) 16.9 (9.3-27.1) .58 40.6 (23.7-59.4) 15.2 (10.0-21.8) .002

Mercury 4.1 (1.8-8.0) 2.6 (0.5-7.4) 6.5 (2.1-14.5) .27 9.4 (2.0-25.0) 3.2 (1.0-7.2) .13

Arsenic 1.6 (0.3-4.5) 2.6 (0.5-7.4) 0 .28 3.1 (0.1-16.2) 1.3 (0.2-4.5) .43

Concentration, median
(range), µg/g

Lead 7.5 (2.5-25 950) 7.5 (3.0-20.5) 11.0 (2.5-25 950) .31 11.5 (2.5-25 950) 7.0 (3.0-20.5) .03

Mercury 103.8 (24.5-28 200) 25.5 (24.5-34.5) 13 050 (47.5-28 200) .04 20 800 (13 050-28 200) 34.5 (24.5-160) .04

Arsenic 27.0 (10.5-27.5) 27.0 (10.5-27.5) 27.5 18.8 (10.5-27.0) .54
Abbreviation: CI, confidence interval.
aThe median metal concentration presented is for medicines with detectable amounts of the respective metal.
bComparison between US- and Indian-manufactured products.
cComparison between rasa shastra and non–rasa shastra medicines.
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Table 3. Ayurvedic Medicines Containing Detectable Lead, Mercury, or Arsenic

Product Name Manufacturer Web Site Supplier (Country)

Rasa
Shastra

Medicine

Metal Concentration, µg/ga

Lead Mercury Arsenic

US-Manufactured Ayurvedic Medicines

Prana–Breath of Life Ayurherbal Corporation By the Planet (USA) 9.0 24.5 ND

AyurRelief Balance Ayurvedic Productsb Balance Ayurvedic Products (USA) 5.5 ND ND

GlucoRite Balance Ayurvedic Productsb Balance Ayurvedic Products (USA) 6.0 ND ND

Mahasudarshan Banyan Botanicalsb,c The Ayurvedic Institute (USA)c 8.5 ND ND

Kanchanar Guggulu Banyan Botanicalsb,c Banyan Botanicals (USA)b,c 7.5 ND ND

Shilajit Banyan Botanicalsb,c Banyan Botanicals (USA)b,c X 10.5 ND ND

Acnenil Bazaar of Indiab By the Planet (USA) 3.0 ND ND

Energize Bazaar of Indiab Bazaar of India (USA) X 8.5 ND ND

Hingwastikad Bazaar of Indiab Herbal Remedies USA (USA) ND 34.5 ND

Bakuchi Bazaar of Indiab By the Planet (USA) 3.0 ND ND

Brahmi Bazaar of Indiab By the Planet (USA) 6.5 ND ND

Chairata Bazaar of Indiab By the Planet (USA) 6 ND ND

Cold Aid Bazaar of Indiab By the Planet (USA) 5.5 ND ND

Trifala Guggulu Bazaar of Indiab By the Planet (USA) 20.5 25.5 27.0

Heart Plus Bazaar of Indiab By the Planet (USA) 7.5 ND ND

Jatamansi Bazaar of Indiab By the Planet (USA) 12.0 ND ND

Kanta Kari Bazaar of Indiab By the Planet (USA) 20.5 ND ND

Licorice Bazaar of Indiab By the Planet (USA) 5.5 ND ND

Praval Pisti Bazaar of Indiab By the Planet (USA) X 7.5 ND 27.5

Prostate Rejuv Bazaar of Indiab By the Planet (USA) X 11.5 ND ND

Sugar Fight Bazaar of Indiab By the Planet (USA) 7.5 ND ND

Tagar Bazaar of Indiab By the Planet (USA) 12.0 ND ND

Yograj Guggulu Bazaar of Indiab By the Planet (USA) 17.5 ND 10.5

Lean Plus Tattva’s Herbsb Tattva’s Herbs (USA) 6 ND ND

Neem Plus Tattva’s Herbsb Tattva’s Herbs (USA) 10.5 ND ND

Indian-Manufactured Ayurvedic Medicines

Commiphora Mukul Unknown National Institute of Ayurvedic
Medicine (USA)

ND 47.5 ND

Bacopa Monniera Unknown National Institute of Ayurvedic
Medicine (USA)

6.0 ND ND

Yogaraj Guggulu Unknown National Institute of Ayurvedic
Medicine (USA)

ND 160 ND

Ezi Slim Goodcare Pharma AllAyurveda.com (India) 3.0 ND ND

Ekangvir Ras Baidyanathe Bdbazar (USA) X 25 950 20 800 ND

Agnitundi Bati Baidyanathe Bdbazar (USA) X 130 28 200 ND

Brahmi Baidyanathe AllAyurveda.com (India) 6.0 ND ND

Amoebica Baidyanathe Bdbazar (USA) 11.0 ND ND

Arogyavardhini Bati Baidyanathe Bdbazar (USA) X 125 13 050 ND

Vital Lady Maharishi Ayurvedab Maharishi Ayurveda USA (USA) X 5.5 ND ND

Worry Freed Maharishi Ayurvedab Maharishi Ayurveda USA (USA) X 7.0 ND ND

Ayu-Arthri-Tone Sharangdhar
Pharmaceuticals

AYU (USA) X 63 ND ND

Ayu-Hemoridi-Tone Sharangdhar
Pharmaceuticals

AYU (USA) X 2.5 ND ND

Ayu-Leuko-Tone Sharangdhar
Pharmaceuticals

AYU (USA) X 33 ND ND

Ayu-Nephro-Tone Sharangdhar
Pharmaceuticals

AYU (USA) X 340 ND ND

aReported metal concentration is the mean of 2 measurements. If one measurement was below the detection limit and the other at or above the limit, the reported concentration
is the mean of the latter measurement and 0. Measurements below x-ray fluorescence spectroscopy reporting levels (lead, �5 µg/g; mercury, �20 µg/g; arsenic, �10 µg/g) are
expressed as not detectable (ND). A list of Ayurvedic medicines without detectable metals, their manufacturers, and their Web suppliers is available from the authors.

bManufacturer claims Good Manufacturing Practices or testing for metals.
cUS company is a member of the American Herbal Products Association.
dLabel specifically recommends pediatric use.
e Indian company is a member of the Ayurveda Drug Manufacturers’ Association.
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US-manufactured rasa shastra medi-
cines did not contain detectable mer-
cury and had lower lead concentrations
than those manufactured in India.

Characteristics of products with and
without detectable metals are com-
pared in TABLE 4. Country of manu-
facture and Web site distributor did not

significantly differ. Manufacturers of
75% of the metal-containing products
claimed Good Manufacturing Prac-
tices or metal testing, and these claims
were not associated with a lower preva-
lence of toxic metals. Membership in
ADMA was not associated with a lower
likelihood of metal presence com-
pared with nonmembership. Products
made by AHPA members compared
with nonmembers were less likely to
contain metals. Products containing
metals were more likely to be tablets
and less likely to be liquids or pastes.

The FIGURE shows the daily amounts
of lead, mercury, and arsenic that would
be ingested if metal-containing medi-
cines were taken according to manu-
facturers’ recommendations. Various
regulatory standards for maximum daily
metal intakes are presented for com-
parison. All metal-containing prod-
ucts would cause ingestions exceed-
ing at least 1 regulatory standard.
Indian-manufactured rasa shastra medi-
cines would cause the greatest lead and
mercury ingestions, often substan-
tially exceeding all standards.

COMMENT
In a random sample of commercially
prepared Ayurvedic medicines pur-
chased via the Internet, we found that
nearly 21% contained detectable lev-
els of lead, mercury, and/or arsenic, and
the prevalence of these potentially toxic
metals did not differ by country of
manufacture; ie, United States vs In-
dia. Rasa shastra medicines were more
than twice as likely as non–rasa shas-
tra products to contain detectable met-
als. All metal-containing products ex-
ceeded 1 or more standards for
acceptable daily metal intake. Several
Indian-manufactured rasa shastra medi-
cines could result in lead and/or mer-
cury ingestions 100 to 10 000 times
greater than acceptable limits.

Metals identified in our sample of
Ayurvedic medicines are likely a re-
sult of the practice of rasa shastra or
contamination. Many rasa shastra medi-
cines are made with bhasmas, which are
elaborately prepared with various forms
of metals including cinnabar (mercu-

Table 4. Characteristics of Ayurvedic Medicines With and Without Detectable Metals

Characteristics

Products With
Detectable Metals

(n = 40)a

Products Without
Detectable Metals

(n = 153)a
P

Value
Country of manufacture

United States 25 (62.5) 90 (58.8)
India 15 (37.5) 62 (40.5) .89
Canada 0 1 (0.7)

Country of Web site distributor
United States 38 (95.0) 137 (89.5)

.37
India 2 (5.0) 16 (10.5)

Rasa shastra medicine
Yes 13 (32.5) 19 (12.4)

.007
No 27 (67.5) 131 (85.6)
Unknownb 0 3 (2.0)

Manufacturer member of AHPA
Yes 3 (7.5) 43 (28.1)
No 34 (85.0) 105 (68.6)

.01

Unknownb 3 (7.5) 5 (3.3)
Manufacturer member of ADMA

Yes 5 (12.5) 20 (13.1)
No 32 (80.0) 128 (83.7)

�.99

Unknownb 3 (7.5) 5 (3.2)
Manufacturer claims GMPs or metal testing

Yes 30 (75.0) 121 (79.1)
No 7 (17.5) 27 (17.6)

�.99

Unknownb 3 (7.5) 5 (3.3)
Formulation

Capsule 18 (45.0) 65 (42.4)
Tablet 20 (50.0) 46 (30.1)
Liquid 0 16 (10.5)

.006
Paste 0 16 (10.5)
Powder 2 (5.0) 4 (2.6)
Other (tea, lozenge, oil) 0 6 (3.9)

Source of herbs
India 38 (95.0) 130 (85.0)
United States 0 1 (0.6) .35
Other 2 (5.0) 20 (13.1)
Unknownb 0 2 (1.3)

Cost per package, median (range), 2005 US $c 15.50 (6.99-39.95) 15.95 (4.79-54.98) .61
Pediatric indications 2 (5.0) 6 (3.9) .67
Recommended indication(s)d

“Tonic” 12 (30.0) 81 (52.9) .01
Gastrointestinal 17 (42.5) 75 (49.0) .48
Mental health 10 (25.0) 40 (26.1) �.99
Genitourinary 10 (25.0) 40 (26.1) �.99
Cardiovascular 8 (20.0) 39 (25.5) .54
Respiratory 7 (17.5) 21 (13.7) .61
Dermatologic 6 (15.0) 14 (9.2) .38
Pain 5 (12.5) 13 (8.5) .54
Other 6 (15.0) 27 (17.7) .82

Abbreviations: ADMA, India-based Ayurveda Drug Manufacturers’ Association; AHPA, US-based American Herbal Prod-
ucts Association; GMPs, Good Manufacturing Practices.

aData are expressed as No. (%) unless otherwise indicated.
bNot included in statistical comparison between products with and without detectable metals.
cOne package would typically provide a 1-month supply of medicine if taken as directed.
dAyurvedic medicines often have multiple indications. See Table 1 for examples of indications.
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ric sulfide), galena (lead sulfide), real-
gar (arsenic sulfide), and white ar-
senic (arsenic trioxide).4,5 Ekangvir Ras
is an example of a rasa shastra medi-
cine made with naga (lead) bhasma and
parada (mercury). Ayurveda experts in
India believe that if bhasmas are prop-
erly prepared according to ancient pro-
tocols, the metals undergo shodhana
(“purification”), rendering them non-
toxic and therapeutic. Case reports in
the literature, however, have docu-
mented significant toxicity with the use
of some of these products.2,3 The preva-
lence of metals in non–rasa shastra
medicines was still substantial (17%)
and could be a consequence of envi-
ronmental contamination of the herbs18

or incidental contamination during
manufacturing.

Our finding that close to 21% of
Ayurvedic medicines manufactured and
distributed by US and Indian compa-
nies via the Internet contain lead, mer-
cury, or arsenic is consistent with our
previous report that 20% of Indian-
manufactured Ayurvedic medicines
purchased in South Asian ethnic mar-
kets in Boston contain these metals.6

However, the Ayurvedic medicines ana-
lyzed in the Boston study had higher
median metal concentrations (lead, 40
µg/g; mercury, 20 225 µg/g; and ar-
senic, 430 µg/g) and were more often
recommended for pediatric use (50%
vs 5%) than the medicines analyzed in
our Internet sample. Studies of Ayur-
vedic medicines purchased from stores
in New York,7 Houston,8 Chicago,9 and
Canada10 have also reported similar
findings, and lead has been found in
non-Ayurvedic herbal and vitamin
supplements manufactured in the
United States19,20 as well as in tradi-
tional medicines from other cul-
tures.21,22

The public health impact of metals
in rasa shastra and contaminated herbal
medicines in India is unknown and
controversial.23 Ayurveda advocates
in India maintain that rasa shastra
medicines have been used effectively
and safely for millennia.4,5,23 They
ascribe case reports of metal toxicity
to improper commercial manufactur-

Figure. Estimated Daily Ingestion Amounts of Lead, Mercury, and Arsenic for
Metal-Containing Ayurvedic Medicines
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Estimated daily ingestion levels for the respective metal-containing Ayurvedic medicines were calculated using the
mean metal concentration in the product, unit dose weight, and recommended dosage(s) stated on the label. If the
manufacturer recommended a range of dosages, a range of potential daily ingestion amounts is shown. India- and
US-made products are shown in red and black, respectively.
aCalifornia Proposition 65 has established a maximum allowable dose level for lead of 0.5 µg/d.14 bAmerican Na-
tionalStandards Institute/NationalSanitationFoundation InternationalDietarySupplementStandard173(ANSI173)
states that dietary supplements should not contain undeclared metals that would cause intakes greater than 20 µg/d
of lead, 20 µg/d of mercury, and 10 µg/d of arsenic.15 cFood and Agricultural Organization/World Health
Organization Joint Expert Committee on Food Additives (FAO/WHO JECFA) provisional tolerable weekly in-
takes correspond to acceptable intakes of 250 µg/d of lead, 50 µg/d of mercury, and 150 µg/d of arsenic for a
70-kgperson.17 dRasashastramedicine. eUnitedStatesEnvironmentalProtectionAgency referencedoses (EPARfDs)
for chronic oral intake of mercuric chloride and arsenic are both 0.3 µg/kg/d, corresponding to 21 µg/d for a
70-kg adult.16
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ing practices or lack of supervision
from a practitioner skilled in rasa
shastra.23 However, many Ayurvedic
medicine users believed to be unaf-
fected may actually have unrecog-
nized, misdiagnosed, or subclinical
metal intoxications. Patients with Ayur-
vedic medicine–associated lead poison-
ing commonly undergo endoscopy
for abdominal symptoms or bone mar-
row biopsy for anemia before they re-
ceive a correct diagnosis.24 Given wide-
spread use of Ayurvedic medicines in
India and throughout the world, ob-
servational studies assessing whether
rasa shastra and non–rasa shastra medi-
cine use are independent risk factors for
increased lead burden are urgently
needed.

Limitations of our study include po-
tential misclassification of the prod-
uct’s country of manufacture and rasa
shastra status. Information provided by
the Web site, label, and/or manufac-
turer was occasionally contradictory or
ambiguous. However, this limitation
does not affect the overall prevalence
of metals in the sampled medicines, and
any misclassification would have been
nondifferential. Unobtainable prod-
ucts were not random and may have
had a higher or lower likelihood of con-
taining metals, thus potentially affect-
ing the overall sample prevalence. We
did not assess batch-to-batch variabil-
ity in metal concentrations. However,
this would likely not significantly al-
ter overall prevalence estimates. Wide
variation among published standards
for acceptable limits of daily metal in-
gestion makes it difficult to assess the
magnitude of potential toxicity for dif-
ferent products. Finally, we did not as-
certain the specific physical form or
chemical species of the metals. To the
best of our knowledge, the physico-
chemical form of metals in rasa shas-
tra medicines and their bioavailability
have not been fully characterized or re-
ported. We are unaware of rigorous evi-
dence supporting claims that bhasmas
made using lead, mercury, and ar-
senic are nontoxic, and documented
case reports of poisonings2,3 contra-
dict these theories.

Regarding generalizability, prod-
ucts in our study can be purchased via
the Internet without consultation from
an Ayurvedic practitioner. Thus, our re-
sults may not reflect products recom-
mended or provided by individual
Ayurvedic practitioners to patients in
the context of a patient-practitioner
consultation.25 Compared with Ayur-
vedic practitioners in India, US practi-
tioners are reportedly less likely to use
rasa shastra medicines.25 Rasa shastra
is not included in the scope of prac-
tice being developed by the US-based
National Ayurvedic Medical Associa-
tion, a professional organization for
US- and Indian-trained Ayurvedic prac-
titioners ( Jennifer Rioux, PhD, per-
sonal communication, 2008). Inter-
net products may also not be similar to
those sold over the counter in main-
stream US pharmacies and health food
stores.

Despite these limitations, our data
likely provide a relatively accurate
snapshot of the prevalence of metal-
containing Ayurvedic medicines sold
via the Internet in 2005. A 2005 Insti-
tute of Medicine report concluded that
“the regulatory mechanisms for moni-
toring the safety of dietary supple-
ments . . . [should] be revised. The con-
straints imposed on FDA [US Food and
Drug Administration] with regard to en-
suring the absence of unreasonable risk
associated with the use of dietary
supplements make it difficult for the
health of the American public to be ad-
equately protected.”26 A 2006 Na-
tional Institutes of Health state-of-the-
science conference similarly stated that
“public assurance of the safety and qual-
ity of [dietary supplements] is inad-
equate.”27 Our data demonstrating el-
evated levels of lead, mercury, and
arsenic in publicly available Ayur-
vedic medicines and prior studies find-
ing toxic metals in non-Ayurvedic
supplements19-22 support these conclu-
sions. New FDA regulations28,29 and cur-
rent Indian policies23,30 do not specify
any maximum acceptable concentra-
tions or daily dose limits for metals in
dietary supplements for domestic use.
We suggest strictly enforced, govern-

ment-mandated daily dose limits for
toxic metals in all dietary supple-
ments and requirements that all manu-
facturers demonstrate compliance
through independent third-party
testing.
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