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Abstract
Background: Ayurveda is one of the traditional medical practices that is originated from India where it is still widely practiced. This
study is an attempt to determine the concentration of 6 selected metals, namely chromium, cobalt, nickel, arsenic, mercury, and lead
in 19 samples of Ayurvedic herbal medicines and 7 Sindoor powders sent by physicians for analysis.
Methods: In this study, ICP-MS as direct analysis of a 1 in 100 dilution of the tested materials was employed which gives an estimate
of the solubility of the metal constituents of the materials tested in 0.5% nitric acid.
Results: The highest individual metal values found per gram in the tested materials were: chromium 3.2 microgram/g, cobalt
3.1microgram/g, arsenic 2811 microgram/g, mercury 1320 microgram/g, and lead 8329 microgram/g. Assuming only a 1 g intake/day
of any single material tested, lead content exceeded in 10/26 (38%) of the preparations above the ANSI 173 oral permitted daily limit
(PDE). Likewise, mercury and arsenic contents exceeded the oral PDE in 6/26 (23%). Some of these folk medicines had high levels
of more than one element in it. The lead content in 3 of the 7 Sindoor powders surpassed the guideline. However, the nickel content
did not exceed the PDE in the 19 samples tested.
Conclusions: Our data shows that, many of Ayurvedic medicine preparations tested still contain toxic amounts of arsenic, mercury,
and lead. Sindoor powder which is traditionally and religiously used by many Indian women at their forehead also contains heavy
metals like lead. All these materials can pose serious health risks to their users
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through the skin. (8).
In this study, we have measured the soluble metal content
levels of arsenic, cobalt, lead, chromium, nickel, and mercury
in Ayurvedic medicines and Sindoor powders sent by our
clinicians.

INTRODUCTION
The composition of Indian traditional medicines can be
from vegetable, animal, and mineral products (1, 2). In
Ayurveda, which is one of the major forms of Indian
traditional medicines, the contents are classified into two
major types: herbal-only and Rasa Shastra preparations. Rasa
Shastra is an ancient process of adding metals, minerals or
gems to herbal preparations. The added metals are usually
lead, mercury, and arsenic (3, 4). It is essential to note that
about 35-40 % of all Ayurveda medicines involve some
amount of metal (1, 2). Many studies have already revealed
that ayurvedic products result in serious health risks due to
their metal content (5, 7).
Sindoor is an essential cosmetic item for married women
In India, who religiously and traditionally apply it on the
forehead and at the parting of their hairs. Nowadays, Sindoor
is made of chemical dyes, synthetic materials, and lead salts.
Some of the manufacturers add crude red lead (Lead (II, IV)
oxide) as well. The red colour may also be derived from
mercuric sulphide (HgS). When traces of these powders are
ingested or inhaled, they can produce toxic symptoms. It is
not known how much of these compounds can be absorbed
___________

METHODS
Study Details: Nineteen Ayurvedic medicines and seven
Sindoor powder samples were used in the present study.
These medicines were collected from patients and sent for
metal analysis by clinicians. They were gathered over a
period of 42 months, from June 2012 to November 2015. The
clinical inquiry was whether the metal content of these
materials could be responsible for the patients’ symptoms.
These medicines were presented in capsule or “ball” forms.
No reliable or complete clinical information was provided
about these preparations.

Methods: Metal analysis was performed using an inductively
coupled plasma mass spectrometer (ICP-MS0, X Series 2)
(Thermo Fisher Scientific, USA). A direct analysis technique
was used, namely 10 mg of each compound from the surface
of medicine balls, or the contents of individual capsules, was
__________
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tested. Sindoor powders were weighted directly from the
sample. These samples were mixed with 10 ml of 0.5% nitric
acid (Fisher Scientific, Trace Metal grade, 69% Nitric acid).
This mixture was vortexed for 30 seconds and then left for 24
hours at room temperature to dissolve, after which it was
centrifuged at 1800g for 5 minutes. Then 1.0 ml of the
supernatant or 0.5ml of internal quality control was diluted to
10 ml with 0.5% nitric acid and then aspirated into the
analyser, where it was measured in triplicate, and the average
value was reported (when the % relative standard deviation
of the triplicates was <10%).
The standards used were Certipur reference material (ICP
Multi Element Standard solution XXI, ref 2.74473.0100), and
Certipur reference material (Mercury ICP Standard, ref.
1.08623.0100) (both from EMD Chemicals Inc, Phil. USA).

RESULTS
Daily variations of the metal concentrations were
estimated using BioRad Lyphochek Quantitative Urine
Control (normal) (Ref. 376 Bio-Rad Laboratories India Pvt.
Ltd., California, and USA). Concentration values obtained
and expressed as mean ± SD from 33 to 39 runs: chromium
2.5 ±1.51; cobalt 0.44 ±0.21; nickel 4.57 ±1.61; arsenic 42.36
±5.35; mercury 3.33 ± 2.17; lead 42.31 ±5.11 g/L.
The estimated metal content of the preparations for metals,
is shown in Figure 1. The results were expressed as g/g of
the preparation. The lowest reported value was < 0.1g/g, and
the highest values for different metals were as follows:
chromium 3.2 g/g; cobalt 3.1g/g; arsenic 2811 g/g;
mercury 1320 g/g; lead 8329 g/g. These concentrations can
be compared to the ANSI 173 guidelines in table 1. The limits
mentioned in ANSI 173 guideline is the reference provided
for the daily intake limits, when heavy metals are consumed
orally. There are no regulatory limits for cobalt and one
estimation for permitted daily exposure (PDE) of chromium
is 2 mg/day (9). Assuming only a 1 g intake/day of any single
preparation tested, then 10/26 (38%) of the preparations
exceeded the PDE limit for lead and 6/26 (23%) exceeded the
daily limit for mercury and arsenic. The median (Interquartile
range) concentrations of different metals in the herbal
medicine samples analysed were as follows: lead; 6.15g/g
(0.93-21.2), mercury; 9g/g (0.55-81.7), arsenic; 1.9g/g
(0.25-43.8), chromium; 0.87g/g (0.43-1.3), and cobalt;
0.4g/g (0.25-1.2). Some preparations had high levels
__________

Figure 1. Log scale concentration of 6 metal components in g/g
of 26 compounds received in the laboratory.

of more than one element. The nickel content of 19 of these
preparations was also determined. It ranged from 0.65 to
175.6 with median of 4.6 g/g. The PDE limit for nickel, as
suggested by Food Standards Agency (FSA) is, 250g/day
(10). The nickel content did not exceed this PDE value in any
of the tested samples.
Moreover, seven Sindoor preparations were included in
the 26 mixtures analysed. The highest levels of each metal in
the Sindoor preparations tested were as follows: chromium
3.2 g/g; cobalt 3.0 g/g; nickel 10.20 g/g; arsenic 9.9 g/g;
mercury 0.40 g/g, and lead 624 g/g. Three of the 7
preparations exceeded the guideline value for the lead.

Table 1. Guideline values for limits of arsenic and other toxic metals in herbal preparations
Guideline

Arsenic

Mercury

Lead

Units

ANSI 173 – ref (4)

10

JECFA-ref (4)

150

20

20

µg/day

50

250

µg/day

WHO 2007 –ref (10)

<5

<10

<10

mg/kg

Key: Guideline values used by the American National Standards Institute (ANSI)/National Sanitation Foundation (NSF) International
Dietary Supplement Standard 173 (ANSI 173), listed in ref 4.
The Joint FAO/WHO Expert Committee on Food Additives (JECFA) is an international expert scientific committee that is administered
jointly by the Food and Agriculture Organization of the United Nations (FAO) and the World Health Organization (WHO). They give
acceptable daily intakes for a 70-kg adult, also quoted in ref 4.
WHO guidelines for medicinal plants, quotes Malaysian guidelines for finished herbal products, ref 10.
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demonstrating the high metal content of folk medicines,
many Ayurvedic medicine preparations tested still contain
toxic amounts of arsenic, mercury, and lead. Users of these
medicines may be at risk of these heavy metal toxicities.
Traditionally and religiously used Sindoor powder by Indian
women for the local forehead application also contain high
levels of lead. Thus, proper analysis of both Ayurvedic and
other traditional medicines along with Sindoor powders is a
necessity from the perspective of the general health of the
population.

DISCUSSION
Guideline values for metal content of herbal medicines
were quite inconsistent in their established limits for each
toxic metal (refer to table 1) (11). Like other groups, we also
found that lead poisoning is the most common poisoning
associated with ayurvedic medications (4, 5). Other heavy
metal poisoning reported with these traditional medicines
including Ayurveda are chronic arsenic poisoning and
mercury poisoning. (3, 4). We can compare relative values
between the medicines in the study meant for ingestion and
the Sindoor powders meant only for scalp application. We
found that Ayuverdic medicines had up to 13x higher values
of lead than Sindoor powders, 36X higher values of mercury,
and 355X higher values of arsenic.
Contamination of herbal materials with toxic substances,
such as lead or arsenic, can be attributed to other causes than
voluntary adding, which include environmental pollution, the
conditions in which the plants are dried, processed, and stored.
Gasser et al. (2009) showed that mercury and arsenic levels
measured in the medicines when compared to the values from
the original dried herbs suggest that additional amounts of
these metals were deliberately added during manufacture (11).
Though Ayurveda claims a unique method of detoxification
and calcination of metals, called Shodhan” and “Maran” (1,
2), heavy metal toxicities are reported with many of these
medicines (3, 4, 5, 12, 13). Despite a wealth of literature
demonstrating the high metal content of folk medicines in
India, China, Tibet, Africa etc., our data shows that many of
the preparations (up to 40% for lead and 24% for mercury and
arsenic) still contain heavy metals much above the
recommended PDE. Ingestion of these materials may produce
heavy metal toxicity from these metals, while ingestion of the
Sindoor powder has the risk of lead poisoning. Lead and other
metals from contaminated Sindoor powders can also enter into
human’s body by respiratory route or via the skin, which can
also lead to toxicity (14).
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