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Background: Use of alternative medications and herbal remedies is widespread in the United States and
across the globe. These traditional medications can be contaminated with toxic metals. Despite several
case reports of poisoning from such contamination, the epidemiological data are still limited.

Objectives: To report on a cluster of lead and mercury toxicity cases in 2011 among a community of
adherents of traditional medical practice of Ayurveda.

Methods: Adherents of Ayurveda were offered heavy metals screening following the identification of the
index case.

Results: Forty-six of 115 participants (40%) had elevated blood lead levels (BLLs) of 10 ug/dl or above,
with 9.6% of BLLs at or above 50 pg/dl.

Conclusions: This is the largest cluster of lead and mercury toxicity following use of Ayurvedic
supplements described in the literature in the US. Contamination of herbal products is a public health
issue of global significance. There are few regulations addressing contamination of “natural” products

or supplements.
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Introduction

Approximately 40% of adults in the United States
report using complementary and alternative medicines
(CAMs).!? Globally, estimates of CAM use are even
higher, with the World Health Organization (WHO)
finding approximately 70-80% of all people utilizing
non-allopathic medicines, mainly of herbal sources, in
their health care.>* Prior to 1994, CAMs were not regu-
lated in the United States, but passage of the Dietary
Supplement Health and Education Act (DSHEA)’
defined the class of dietary supplements and provided
the US Food and Drug Administration (FDA) with
new responsibilities, including development of manu-
facturing standards for supplements and compulsory
regulation for “current good manufacturing practices”
(cGMP).® However, the regulatory reach of DSHEA
extends only to dietary supplement products sold in
the US. Individuals traveling abroad may return with
contaminated traditional medicines, pottery, or beauty
aids for personal use. There are no regulatory controls
over such products.
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Several cases of metal toxicity have been associated
with the presence of lead, mercury, and arsenic in Ayur-
vedic traditional medicine. These include reports of lead
poisoning in England, New Zealand, United States, and
in India.”'" A systematic literature search for the years
19662007 identified five case reports of lead encephalo-
pathy associated with Ayurvedic products.'?

Ayurveda is the most widely practiced of the tra-
ditional Indian medical systems and has been used
for over 2000 years.”!* Up to 80% of India’s popu-
lation is estimated to use Ayurveda, either exclusively
or in combination with other medical therapies.'*'?
Experts in Ayurveda estimate that greater than 20%
of the Ayurvedic medications contain at least one
heavy metal.'®'®

This manuscript presents results of a study of a heavy
metal toxicity cluster of Ayurveda consumers in the
United States. Results can be used to inform policy
and raise awareness on the expanding use of CAMs in
this country.

Methods

The index case of this cluster lived in a small
community where a subset of the town residents
obtained Ayurvedic herbal medications through
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personal travel to India or by direct importation and
distribution from a clinic in India.

Study recruitment

The Towa Department of Public Health (IDPH) and
University of Iowa College of Public Health (UI
CPH) investigated the public health implications of
potentially contaminated Ayurvedic supplement use in
the community. Participants were recruited in
various ways. First, a notice was placed in the local
newspaper inviting anyone using Ayurvedic medicine
to get their Indian medications and supplements tested
for heavy metals by the State Hygienic Laboratory at
the University of Iowa. Individuals were advised to
have blood lead and mercury tests. Second, emails
from the researchers were forwarded to approximately
1500 clients around the globe by the Ayurvedic clinic
in India selling the supplements.

Blood screening

The clinic in India advised all of their clients to cease
use of all Ayurvedic products obtained through their
clinic until results of an analysis for metals for their
products were available. Individuals were invited to
participate in blood lead screening and asked to
document all complementary medicinal usage,
sources of these substances, and medical symptoms.
A subset was offered mercury testing based on poten-
tial for contamination of Ayurvedic products with
mercury.'” Blood lead testing was performed predo-
minantly by the State Hygienic Laboratory, and
blood mercury testing was performed by Mayo
Medical Laboratories.

Blood lead concentration was measured using
graphite furnace atomic absorption spectroscopy.
Blood mercury concentration was measured using induc-
tively coupled plasma-mass spectrometry (IC-PMS)."
Individuals were immediately informed of their results
and advised accordingly. They were considered to have
an elevated blood lead level (BLL) if their blood lead con-
centration was > 10 pg/dl.* Individuals with blood mer-
cury level (BML) of > 10 ng/ml were considered to have
elevated mercury levels.”! The results of the analysis of
metals in the supplements sent to the State Hygienic
Laboratory were compiled and provided as a list to all
individuals within the community using Ayurvedic
medications. This study was exempted from IRB
approval because it was part of a public health response.

Statistical analysis

Statistical analyses were performed using Statistical
Analysis System (SAS) 9.2.% Descriptive statistics of
age, sex, BLL, BML, lead intake, and lag time are
expressed as means, standard deviations, and ranges.
Lead intake in grams per day for each individual
was calculated using the following formula: number
of Ayurvedic pills per day X 0.5 grams X lead
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concentration per pill (in ppm). Two pills per day and
0.5 g per pill (1 g/day total) were assumed as a baseline
dose for individuals who did not specify doses of
specific Ayurvedic products taken per day. Lag time
was calculated since the last dose of Ayurvedic pro-
ducts to the measurement of BLL and BML and
expressed in days.

The lower detection limit for BLL was between 3
and 5 pg/dl and for BML between | and 4 ng/ml,
depending on the laboratory. For the statistical anal-
ysis, results below these limits (n =43 for lead,
n = 38 for mercury) were assigned non-zero values
of 0.5 pg/dl and 0.1 ng/ml, respectively.

Wilcoxon rank-sum test was used to test the differ-
ences in medians of continuously distributed charac-
teristics between genders and between those with
normal versus elevated BLL. Trends in BLL by
gender were tested using Cochran—-Armitage chi-
square test, and Fisher’s exact chi-square test was
used to test the differences in distribution by gender
between those with normal and elevated BLL.

A p-value of <0.05 was selected as the level of
statistical significance for every analysis throughout
this study.

Results
One hundred and 15 individuals participated in the
blood lead screenings (Table 1).

Of those tested, slightly less than half were men (47%).
Forty-six (40%) of the 115 people tested had BLLs of
>10.0 pg/dl. Thirty-four (30%) of the participants had
BLLs of >25.0 ng/dl. Men were more likely to have
elevated BLLs compared to women. Mean lead intake
in grams per day was statistically significantly associ-
ated with elevated BLL (Table 2). Those with BLL of
> 10 pg/dl consumed on average 0.03 g of lead per day
compared to 0.001 g by those with BLL below 10 pg/dl.

While elevated BLLs were the predominant
abnormality seen in the clinical laboratory results,
four individuals were identified with elevated BMLs
of >10.0 ng/ml. One individual had an elevated
blood mercury at 105 ng/ml and coincident elevation
of blood lead at 42 pg/dl. The blood mercury and
blood lead in this individual declined rapidly after
cessation of the herbal products and a course of oral
chelation with dimercaptosuccinic acid (DMSA).
Their extreme fatigue improved significantly with
reduction in blood lead and mercury levels.

In addition to testing BLLs, most individuals sent
Ayurvedic supplement samples to be tested for metals
by the University of lowa State Hygienic Laboratory.
Results of 182 of the Ayurvedic medications are avail-
able for review. Of the 182 supplements, 50 (27.5%)
showed lead levels above California’s maximum allow-
able daily level (MADL) for chemicals causing
reproductive toxicity of 0.5 pg/day*® and FDAs
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Table 1 Characteristics of the screened population by sex

Characteristic n All (n = 115) Male (n = 54) Female (n = 61) P
Age 115 59.4 + 8.2 60.9 + 5.3 58.1 + 5.7 0.10
BLL (ug/dl) 115 16.2 + 20.9 214 + 23.2 11.7 £ 176 0.03
<5.0 53 (46.1) 20 (37.0) 33 (54.1) 0.01
5.0-9.9 6(13.9) 7 (13.0) 9(14.8)

10.0-24.9 2(10.4) 4(7.4) 8 (13.1)

25.0-49.9 23 (20.0) 16 (29.6) 7 (11.5)

>50.0 11 (9.6) 7 (13.0) 4 (6.5)

BML (ng/ml) 77 32+ 122 47 +17.2 1.9+ 38 0.73
<4.0 63 (81.8) 29 (78.4) 34 (85.0) 0.31
4.0-9.9 10 (13.0) 5(13.5) 5(12.5)

>10.0 4(5.2) 3(8.1) 1(2.5)

Lead intake (g/day) 60 0.01 £ 0.02 0.02 £ 0.02 0.01 + 0.02 0.16
Lag time (days) 65 43.1 £ 945 21 £ 26 61 + 122 0.24

BLL: blood lead level; BML: blood mercury level; lead intake (g/day): umber of Ayurvedic pills per day x 0.5g X lead concentration
per pill (in ppm); lag time: time since the last dose of Ayurvedic pills to the measurement of BLL/BML (in days).
Note: P value estimated by comparing males to females using Wilcoxon rank-sum test for continuous variables, and Cochran-Armitage

chi-square test of trend for categorical variables

Table 2 Distribution of BML, lead intake, and lag time by BLL.

BLL < 10 pg/dl (n = 69) BLL > 10 pg/dI (n = 46) P
BML (ng/ml) 46 (40.0); 2.1 + 3.8 30 (26.1); 5.0 + 19.0 0.95
Lead intake (g/day) 27 (23.5); 0.001 + 0.006 33 (28.7); 0.03 + 0.01 <0.0001
Lag time (days) 31 (30.0); 55 + 125 34 (29.6); 33 + 53 0.37

BLL: blood lead level; BML: blood mercury level; lead intake (g/day): number of Ayurvedic pills per day x 0.5g X lead concentration

per pill (in ppm).

Note: P value estimated by comparing participants with BLL < 10 ug/dl to participants with BLL > 10 pg/dl using Wilcoxon rank-sum

test.

recommended maximum level (RML) for industry of
0.1 pg/g of lead per candy,”* assuming a minimum
daily consumption of 1 g of Ayurvedic supplements.
The highest content of lead in an individual supplement
was 43200 pg/g. Eighty-seven (47.8%) of the sup-
plements showed elevated levels of elemental mercury
above California’s MADL for methyl mercury of
0.3 pg/day® with the highest concentration being
279 000 pg/g. Twenty-nine (15.9%) of the supplements
had arsenic levels elevated above California’s no-signifi-
cant risk level (NSRL) for carcinogens® of 10 pg/day
with the highest concentration reported at 44 800 pg/g.

Discussion
This represents one of the largest reported clusters of
lead toxicity from complementary or alternative pro-
ducts to date. This cohort was made up of medically
well-versed individuals who consume Ayurveda and
other CAMs. There were several obstacles in identifying
and addressing the risk for metal poisoning. The
majority of the substances with toxic levels of lead and
mercury came from one particular Ayurvedic clinic in
India. The cooperation of respected members of the
community and of the Ayurvedic clinic in India was
critical to the success of this intervention and study.
One of the fundamental concepts governing
Ayurvedic medical practice is that “man and the
universe are composed of the same basic elements,
and disease occurs if there is an imbalance.”” It is due
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to this belief that heavy metals are intentionally added
to several Ayurvedic medications and that
processing of heavy metals results in their being non-
toxic for ingestion.®!>!% The process of detoxifying
heavy metals has been described and includes the use
of heat, sesame oil, buttermilk, cow’s urine, plants,
tamarind, and arsenic sulfide."> However, numerous
case reports of lead toxicity due to ingestion of Ayurve-
dic medications demonstrate the inadequacy of this
heavy metal detoxification process.” "2 The
widespread use of herbal medications, combined with
the fact that many cases of lead toxicity may not be
recognized clinically, makes contamination of such
herbal medication with heavy metals and other
toxicants a public health concern. The prevalence
and significance of mercury contamination in such
preparations is not well understood.

Identification of products with unsafe levels of
metals and education of the population at risk regard-
ing these products was our primary intervention. The
majority of participants was receptive to this message;
however, there was a need for ongoing discussion
regarding the bioavailability and significance of pub-
lished acceptable limits of various metals in such pro-
ducts. In particular, the discrepancy between
extremely elevated mercury concentrations in some
of the Ayurvedic products and low prevalence of elev-
ated blood mercury among consumers begs the ques-
tion of bioavailability of specific mercury compounds
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and availability of laboratory services for chemical
speciation.

The implicated products were all directly imported
by the users from India, and there is no regulatory
public health authority in the United States for
these products. Lack of quality control of herbal pro-
ducts represents a public health threat requiring
increased recognition among Ayurvedic practitioners
and consumers regarding the potential toxicity from
metals in such preparations. As use of alternative
medications becomes more common in the US, it is
imperative that both traditional and non-traditional
medical practitioners communicate effectively with
their patients regarding the use and potential risks
of unregulated products. The use of herbal and
other CAM products is a major and, largely unregu-
lated, industry in the US and globally. Recognition
of the potential for metal toxicity from herbal pro-
ducts, particularly those obtained overseas, will
require continued vigilance among clinicians, public
health officials, and the consumers of such products.
The impact on this community from Ayurvedic medi-
cations shows a need for laboratory capacity to test
products for contaminants. As herbal and CAM pro-
ducts gain more widespread use,! it raises the need
for testing not just for the presence of toxic metals
but also for chemical speciation and bioavailability.
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