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Abstract

Samples of herbal medicine used in Brazil were analyzed, after nitric digestion, for the content of cadmium, mercury and lead, by

atomic absorption spectrophotometry. Fifteen samples of ginkgo biloba (Ginkgo biloba), 13 of celastraceae (Maytenus ilicifolia), 14
of cascara buckthorn (Rhamnus purshiana), 13 of eggplant (Solanum melongena), 15 of horse chestnut (Aesculus hippocastanum), 13
of Brazilian ginseng (Pffafia glomerata), 17 of centella asiatic (Hydrocotyle asiatica), 13 of guarana (Paullinia cupana), 12 of arti-

choke (Cynara scolymus) and five samples of chlorella (Chlorella pyrenoidosa) were analyzed. Cadmium, mercury and lead were not
detected (limit of quantifications of 0.20, 0.01 and 2.0 mg/kg, respectively) in any sample of artichoke, eggplant and guarana.
Cadmium was found in samples of the other medicinal herbs at levels up to 0.74 mg/g and mercury up to 0.087 mg/g. Three samples

of horse chestnut contained 153, 156 and 1480 mg Pb/g, while the highest concentration found in the other samples analyzed was 22
mg Pb/g. The estimated lead intake through the consumption of horse chestnut reached 440% of Provisional Tolerable Weekly
Intake (PTWI), and might be of concern to consumers if the medicine was taken on a long-term basis. Cadmium and mercury

exposure through the herbal medicines does not appear to be of health concern.
# 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

The use of medicinal plants in therapeutics or as
dietary supplements goes back beyond recorded history,
but has increased substantially in the last decades
(Woods, 1999; Khan et al., 2001; WHO, 2002). How-
ever, the safety of their use has recently been questioned
due to the reports of illness and fatalities (Stewart et al.,
1999; Ernst, 2002). Poisonings associated with the pre-
sence of toxic metals in medicinal plants were reported
in Asia, Europe and the United States (Olujohungbe et
al., 1994; Dunbabin et al., 1992; Kakosy et al., 1996;
Markowitz et al., 1994).
Plants can contain heavy metals from their presence

in the soil (including contamination of the plant mate-
rial with soil), water or air (McLaughlin, 1999). High
levels of toxic metals can occur in medicinal prepar-
ations when they are used as active ingredients, as in the
case of Pb and Hg in some Chinese, Mexican and
Indian medicines (Levitt, 1984; Chan et al., 1993) or
when the plants are grown in polluted areas, such as
near roadways or metal mining and smelting operations
(Pip, 1991). In addition, high levels can be found when
agricultural expedients are used, including cadmium-
containing fertilizers, organic mercury or lead based
pesticides, and contaminated irrigation water (Abou-
Arab et al., 1999). Chronic exposure to cadmium can
cause nephrotoxicity in humans, mainly due to
abnormalities of tubular re-absorption (Nordberg,
1999). Lead and mercury can cause adverse effects on
the renal and nervous systems and can cross the pla-
cental barrier, with potential toxic effects on the fetus
(Tong et al., 2000; WHO, 2003).
Brazil has a high diversity of plants used as medicine.

Recently, 228 species of medicinal plants were reported
in use by the local population of a single village of the
country (Amorozo, 2002). In this work, we analyzed
130 samples of the most commonly consumed medicinal
plants by the population of the Federal District, Brazil,
for the presence of cadmium, mercury and lead. Also,
the potential risk of the chronic use of these medica-
ments containing detectable levels of the toxic metals
was evaluated.
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2. Materials and methods

2.1. Chemicals and instrumentation

HNO3 65% (max. 0.0000005% Hg); standard solu-
tions of mercury (Hg(NO3)2, 1000 mg/l, in 0.5M
HNO3), lead (1.000g of Pb(NO3)2 in H2O) and cad-
mium (1.000 g of CdCl2 in H20); and NaBH4 for
reduction (>96% purity) were purchased from Merck
(Darmastadt, Germany). Distilled-deionized water was
used for all analytical work. All glassware was washed
with 2% Extran solution, soaked in 3N HCl for 24 h,
and rinsed with distilled-deionized water before use. The
atomic absorption spectrophotometer (AAS) AA7000
BC, coupled with hydride generator GH 3000 and hole
cathode lamps for Hg, Pb and Cd, was from Instru-
mentos Cientı́ficos C.G. LTDA (São Paulo, Brazil).

2.2. Samples

One hundred and thirty samples of powdered dry or
dried extract of the plants were donated by local stores.
Table 1 shows the plant names, the part of the plant
used, the therapeutic use and the recommended dose,
the form and origin of the sample analyzed. The sam-
ples (approximately 100 g) arrived in the laboratory in
plastic bags and were kept at room temperature until
analyzed.

2.3. Cadmium, mercury and lead determination

The protocol used to determine the metals in the plant
material is a modification of the method proposed by
Chow et al. (1995). In summary, 2 g of the sample was
transferred to a 100 ml Nessler tube, where 15 ml of
10% HNO3 v/v were added and left in water bath at
100 �C for 3 h. For mercury analysis, the digested solu-
tion was analyzed by cold vapor AAS after reduction
with NaBH4. For cadmium and lead, the digested sam-
ple solutions were treated twice under reflux with con-
centrated HNO3 before determination by flame AAS.
Each sample was analyzed in duplicate. The metals were
quantified against standard curves prepared at the day
of the analysis. The limits of quantification (LOQ) of
the method were 0.01 mg/g for mercury, 2 mg/g for lead
and 0.2 mg/g for cadmium.
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3. Results

3.1. Levels of cadmium, mercury and lead in the
medicinal plants

Table 2 shows the concentrations of the metals in the
plants. None of the 38 analyzed samples of artichoke,
eggplant or guarana contained detectable levels of cad-
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mium (<0.2 mg/g), mercury (<0.01 mg/g) or lead (<2.0
mg/g). Centella asiatic was the plant with the highest
percent of samples with metal concentrations above the
limit of quantification. All 17 analyzed samples con-
tained detectable levels of mercury, 88% contained
detectable levels of lead and 76.4% contained detectable
levels of cadmium. Mercury was the metal most often
detected in the plants samples (38% of the samples),
followed by lead (23%) and cadmium (13%).
Cadmium concentrations varied from <0.20 to 0.74

mg/g. Centella asiatic was the only plant which had
median values of cadmium and lead above the limits of
quantification (0.39 and 3.0 mg/g, respectively). The
levels of mercury varied from <0.01 to 0.09 mg/g with
ginkgo biloba containing the highest mean and median
levels (0.043 and 0.06 mg/g, respectively). The levels of
lead in the samples varied from <2.0 to 1480 mg/g with
horse chestnut having the highest concentrations.

3.2. Calculated intake of cadmium, mercury and lead

Weekly metal intakes through consumption of the
medicinal plants were calculated by multiplying the max-
imum recommended dose of each product (Table 1) by the
mean, median and maximum levels of the metals found in
the plants (Table 2). The results are shown in Table 3. The
maximum intake (using maximum dose and maximum
metal concentration) reached 22 mg/week of cadmium
and 0.70 mg/week of mercury. The intakes of both Cd
and Hg were higher for the consumption of ginseng due
to the high recommended dose for this medicinal plant (up
to 10 g/day). High intakes of lead, up to 6630 mg/week,
were found for the consumption of horse chestnut.
4. Discussion

4.1. Cadmium

One sample of horse chestnut, celastraceae and gin-
seng and 11 samples of centella asiatic had concentra-
tions of cadmium exceeding the limit of 0.3 mg/g
recommended for medicinal plants (WHO, 1999). Plants
absorb cadmium from the roots (Pip, 1991; McLaughlin
et al., 1999) and the morphology of centella asiatic, a
slender trailing herb from which the leaves are used to
prepare the medicines (WHO, 1999), can partially
explain the high percentage of samples of this plant
containing cadmium (76%).
The concentrations of cadmium found in this work

were similar to the ones described in other parts of the
world. In Italy, 79 samples of various herbal medicines
had concentrations ranging from 0.01 to 0.75 mg/g, with
higher levels reported in cinchona extracts (De Pasquale
et al., 1993). In Egypt, 10 samples of peppermint, cha-
momile, anise, caraway and tilio had 0.05–0.30 mg/g
(Abou-Arab et al., 1999). Levels of cadmium in 21 gin-
seng products purchased in the United States, Europe
and Asia varied from 0.008 to 0.12 mg/g (Khan et al.,
2001).
The estimated maximum weekly intake of cadmium

after consumption of the maximum recommended ther-
apeutic dose of the medicinal plant (Table 3), would
reach up to 5% (from ginseng) of the FAO/WHO Pro-
visional Tolerable Weekly Intake (PTWI) of 7 mg/kg
body weight (JECFA, 2003) or 420 mg/person. Human
exposure to cadmium from the diet and drinking water
can reach up to 60% of PTWI in some regions of the
Table 2

Concentration of cadmium, mercury and lead in the medicinal herbs, in mg/g
Medicinal plant

(samples analysed)
Concentration or concentration range (number of samples) (mean/median)a
Cd
 Hgb
 Pb
Artichoke (12)
 <0.20 (12) (0.10/<0.10)
 <0.01 (12) (0.005/<0.005)
 <2.0 (12) (1.0/<1.0)
Eggplant (13)
 <0.20 (13) (0.10/<0.10)
 <0.01 (13) (0.005/<0.005)
 <2.0 (13) (1.0/<1.0)
Guarana (13)
 <0.20 (13) (0.10/<0.10)
 <0.01 (13) (0.005/<0.005)
 <2.0 (13) (1.0/<1.0)
Cascara buckthorn (14)
 <0.2 (14)

(0.10/<0.20)
<0.01 (11), 0.01–0.02 (3)

(0.007/<0.005)
<2.0 (12), 2.7, 4.0

(1.3/<1.0)
Horse chestnut (15)
 <0.20 (14) 0.61

(0.13/<0.10)
<0.01 (12), 0.02–0.06 (3)

(0.01/<0.005)
<2.0 (8), 2.1–8.2 (3), 153, 156, 1480

(122/<1.0)
Centella asiatic (17)
 <0.20 (4), 0.22–0.74 (13)

(0.38/0.39)
0.01–0.04 (17)

(0.023/0.02)
<2.0 (2), 2.0–11.7 (15)

(3.6/3.0)
Clorella (5)
 <0.20 (5)

(0.10/<0.10)
<0.01 (3), 0.01 (2)

(0.008/<0.005)
<2.0 (5)

(1.0/<1.0)
Celastraceae (13)
 <0.20 (12), 0.49

(0.13/<0.10)
0.02–0.08 (13)

(0.029/0.02)
<2.0 (12), 14.4

(2.0/<1.0)
Ginkgo biloba (15)
 <0.20 (15)

(0.10/<0.10)
<0.01 (5), 0.01–0.09 (10)

(0.043/0.06)
<2.0 (10), 2.4–22.1 (5)

(3.1/<1.0)
Ginseng (13)
 <0.20 (11), 0.25–0.31 (2)

(0.13/<0.10)
<0.01 (12), 0.01

(0.005/<0.005)
<2.0 (13)

(1.0/<1.0)
a Considering the samples with non detected level, at 1/2 LOQ for each metal.
b Total mercury
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world (Baht and Moy, 1997; WHO, 1993), and the pos-
sible contribution from medicinal herbs might be sig-
nificant. For instance, renal dysfunction would be
expected in sensitive population groups at cadmium
exposure levels half of the present PTWI (Nordberg,
1999).

4.2. Mercury

The highest concentration of mercury, as total mer-
cury, found in this study, 0.09 mg/g in ginkgo biloba
(Table 2), is much lower than the limit of 0.5 mg Hg/g
recommended in drugs, including from plants, in Sin-
gapore (Chow et al., 1995). Vega-Carrillo et al. (1997)
found mercury at similar levels (<0.01 to 0.08 mg/g) in
30 plants used in traditional medicine in Mexico and
mercury was not detected (<0.001 mg/g) in 21 samples
of ginseng products (capsule and tincture) in another
study (Khan et al., 2001).
The higher estimated weekly intake of mercury (0.70

mg/person) was found for the only ginseng sample with
detectable residues, and is insignificant when compared
with the PTWI of 5 mg/kg body weight for total mercury
(JECFA, 2000), or 300 mg/person. Mercury exposure for
the general population occurs mainly from consumption
of fish, as methyl mercury (Baht and Moy, 1997;
Barbosa, 1997) and possibly from dental amalgam fill-
ings (WHO, 2003), and it is unlikely that the exposure
through medicinal herbs will affect human health.

4.3. Lead

Lead was detected only in samples prepared with the
leaves, fruits or barks of the plants (cascara buckthorn,
horse chestnut, centella asiatic, celastraceae and ginkgo
biloba), what agrees with the fact that lead in plants is
due mainly to aerial deposition or absorption by their
external parts (Albertine et al., 1997; McLaughlin et al.,
1999). Six samples analyzed exceeded the maximum
recommended limit of 10 mg Pb/g (WHO, 1999). The
horse chestnut tree can reach 35 m high (WHO, 1999),
which probably favors the exposure of its fruits to con-
taminated air and explains the high lead concentrations
found in the samples from this plant (up to 1480 mg Pb/
g). Much lower concentrations (<0.001 to 2.6 mg Pb/g)
were found in medicinal plants in Italy, Egypt and
United States (De Pasquale et al., 1993; Aboub-Arab et
al., 1999; Khan et al., 2001).
The estimated weekly intake of lead after consump-

tion of the maximum recommended therapeutic dose
exceeds the PTWI of 25 mg/kg body weight (JECFA,
2000), or 1500 mg/person, for the horse chestnut sample
containing the highest concentration (by 4.4 times). The
consumption of the horse chestnut samples with 153
and 156 mg/g lead would contribute with up to 47% of
PTWI and the maximum intake for the other plants
analyzed reached 9% of the toxicological parameter
(Table 3). Lead is the most ubiquitous toxic metal in the
environment, and in many countries the intake from the
diet can approach or exceed the PTWI (Baht and Moy,
1997). Increased industrialization and persistence of lead
in the environment requires constant monitoring of all
sources of human exposure, including medicinal herbs.
5. Conclusions

The population growth in the developing world and
the increasing interest in the industrialized nations have
greatly expanded the demand for medicinal plants and
their products. Approximately 80% of the world popu-
lation use the medicinal plants (Woods, 1999). In Brazil,
as in most countries (Khan et al., 2001), the standard
quality control of these products is not always enforced,
Table 3

Possible intake of cadmium, mercury and lead through the consumption of the maximum recommended dose of the medicinal herb
Medicinal plant
 Intake, mg/weeka
Cadmium
 Mercury
 Lead
Mean
 Med.
 Max.
 Mean
 Med.
 Max.
 Mean
 Med.
 Max.
Artichoke
 0.7
 0.7
 0.7
 0.04
 0.04
 0.04
 7.0
 7.0
 7.0
Eggplant
 0.84
 0.84
 0.84
 0.04
 0.04
 0.04
 8.4
 8.4
 8.4
Guarana
 7.0
 7.0
 7.0
 0.35
 0.35
 0.35
 70
 70
 70
Cascara buckthorn
 0.70
 0.70
 0.70
 0.05
 0.04
 0.14
 9.1
 7.0
 18.9
Horse chestnut
 0.58
 0.45
 2.7
 0.05
 0.02
 0.27
 547
 4.5
 6630
Centella asiatic
 2.7
 2.7
 5.2
 0.16
 0.14
 0.28
 25,2
 21
 81.9
Clorella
 0.84
 0.84
 0.84
 0.07
 0.04
 0.08
 8.4a
 8.4a
 8.4a
Celastraceae
 0.73
 0.56
 2.7
 0.16
 0.11
 0.45
 11.2
 5.6
 80.6
Ginkgo biloba
 0.63
 0.63
 0.63
 0.27
 0.38
 0.57
 19.5
 6.3
 139
Ginseng
 9.1
 7.0
 22
 16.3
 0.35
 0.70
 70
 70
 70
a Calculated by multiplying the residue level (Table 2) by the maximum dose of the medicinal drug (Table 1).
602 E.D. Caldas, L.L. Machado / Food and Chemical Toxicology 42 (2004) 599–603



and their quality, efficacy and safety is unclear. The
results of this study show the need for a systematic
control of toxic heavy metals in plants used as medi-
cines. In particular, investigations on the lead levels in
horse chestnut, either by producer countries or impor-
ters, should be carried out.
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