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Pollutants harmful to health in herbal products detected by X-ray
fluorescence spectroscopy
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Abstract
The goal of this research was to evaluate the chemical composition of some herbal products consumed in
Brazil through the Energy Dispersive X-ray Fluorescence (EDXRF). The methodology used encompassed
the selection of 14 plants’ dried extracts and six ground plants. The qualitative and quantitative analyses of
samples indicating the presence of As, Cr, Cu, Fe, Ni, Zn, Si, P, S, Cl, K, Ca, Ti, V, Mn, Co, Rb, Zr, Cd, Sn,
Ba, Hg, Pb, Bi, Mo, and Pt in different concentrations. It is feasible that part of the contamination found in
the herbal products come from the adjuvants/excipients used in the production process. Also, it was found
that the extract production process seems to have a low efficiency for the extraction of the main chemical
elements present in the ground plants. In the other hand, it has the benefit of reducing the contamination by
harmful elements to health, such as heavy metals. EDXRF can replace atomic absorption spectrometry as
low-cost and high precision technique to quantify all elements of interest in the pharmaceutical and food
industries, within the limits established by regulatory agencies.

Keywords: Plant products. Energy dispersive X-ray fluorescence (EDXRF). Dried extracts. Ground medicinal
plant. Heavy metal contamination.

Resumo
O objetivo desta pesquisa foi avaliar a composição química de alguns produtos à base de plantas consumidos
no Brasil por meio da Fluorescência de raios-X por energia dispersiva (EDXRF). A metodologia utilizada
abrangeu a seleção de 14 extratos secos de plantas e seis plantas moídas. As análises qualitativas e quantitativas
das amostras indicando a presença de As, Cr„ Fe, Ni, Zn, Si, P, S, Cl, K, Ca, Ti, V, Mn, Co, Rb, Zr, Cd, Sn,
Ba, Hg, Pb, Bi, Mo e Pt em diferentes concentrações. Parte da contaminação encontrada nos produtos à base
de plantas pode ser originária dos adjuvantes/excipientes utilizados no processo de produção. Além disso,
constatou-se que o processo de produção do extrato parece ter baixa eficiência para a extração dos principais
elementos químicos presentes nas plantas moídas. Por outro lado, tem o benefício de reduzir a contaminação
por elementos nocivos à saúde, tais como metais pesados. A EDXRF pode substituir a espectrometria de
absorção atômica como técnica de baixo custo e alta precisão para quantificar todos os elementos de interesse
nas indústrias farmacêutica e alimentícia, dentro dos limites estabelecidos pelas agências reguladoras.

Palavras-chave: Produtos de plantas. Fluorescência de raios-X por energia dispersiva (EDXRF). Extratos
secos. Planta medicinal moída. Contaminação por metais pesados.
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Introduction

From the beginning of medical history to the present
day, plant medicines represent a regular part of medical
treatment and health maintenance. Medicinal plants ex-
tract, as well as, medicinal plants, crushed, milled or in
the form of powder, are used in different areas, such as
pharmaceutical, cosmetic and food, being used in different
applications and pharmaceutical forms. Additional factors
that promote the consumption of plant-based products
are based on the belief that these are natural and “natu-
ral is good” and therefore safe (ABDEL-TAWAB, 2018).
However, few studies report the chemical composition of
plants and their extracts and whether they contain sub-
stances harmful to the human health, since these products
are widely used in foods, beverages and medicinal prepa-
rations (MARGUÍ; QUERALT; HIDALGO, 2009).

The use of medicinal plants for treatment, cure, and
prevention of diseases is one of the oldest forms of human
practice (SANTOS et al., 2017). The common misconcep-
tion that botanical products are harmless and devoid of
adverse effects often lead to misuse and unrestricted in-
gestion, resulting in an increased incidence of side effects
and drug interactions (ABDEL-TAWAB, 2018).

Phytomedications are classified as nutritional supple-
ments based on medicinal herbs and are an important
source of nutrients (vitamins, minerals and amino acids)
(SANTOS et al., 2017), therefore, scientific studies in-
volving medicinal plants are justified in order to verify
their chemical composition and to evaluate their medicinal
properties (EKINCI et al., 2004).

Quality standards for plant medicines have evolved
significantly in the last decades (LÄNGER et al., 2017),
since chemical elements with toxic properties are harm-
ful to the human body, even in very low concentrations
(AL-OMARI, 2011). When in small amounts they are
necessary to maintain good health, but the presence be-
yond certain thresholds tends to be harmful, causing
acute or chronic intoxication (NKANSAH et al., 2016;
JAISHANKAR et al., 2014), that is, in small quantities
some are needed to maintain good health but in higher
amounts they can become toxic or dangerous. The toxicity
of heavy metals can impair the functioning of the brain,
lungs, kidney, liver and other important organs, as well as
impact negatively on blood composition (JAISHANKAR
et al., 2014).

The knowledge of the elemental composition of herbal
medicines is very important in the determination of
their toxicity and, consequently, in assessing their safety

for use (NKANSAH et al., 2016; OBIAJUNWA; ADE-
BAJO; OMOBUWAJO, 2002). Therefore, the concentra-
tion of some chemical elements is one of the criteria that
make natural plants admissible for human consumption
(MARGUÍ; QUERALT; HIDALGO, 2009). The metals
levels are important in herbal medicines due to their tox-
icological properties as well as from a nutritional point
of view (SANTOS et al., 2017). This scenario has con-
tributed to the search for analytical tools to determine
the chemical elemental composition of herbal products.
Exposure to heavy metals in the long term can lead to
degenerative processes that cause diseases such as mul-
tiple sclerosis, Parkinson’s disease, Alzheimer’s disease
and muscular dystrophy (JAISHANKAR et al., 2014), in-
dicating once again the need to investigate the chemical
composition of herbal products in order to evaluate more
accurately the presence of chemical elements harmful to
health, even in low concentrations, or the absence of es-
sential ones for the proper functioning of the metabolism
of living beings. Only reliable analyses will help to clarify
and define the most effective treatment and toxic levels
for a living being (EKINCI et al., 2004).

The plants origin and the methods used to obtain their
extracts will define the final product physicochemical char-
acteristics. It is necessary to investigate the chemical com-
position of these extracts to avoid the presence of con-
taminants harmful to the health, since heavy metals are
highly harmful to the health of living beings even in low
concentrations.

The EDXRF technique has been used in the determi-
nation of the chemical elemental composition of all kind
of material, like cement (MENNA JUNIOR et al., 2020),
in cosmetic products (MOLARI et al., 2019; SANTOS et

al., 2018), metal monitoring in water from lakes and rivers
(MELQUIADES et al., 2008) among others. EDXRF has
been used also in study of plants extracts in several parts
of the word, as shown in the work of Obiajunwa, Adebajo
and Omobuwajo (2002), which determined the chemical
elemental composition of trace elements of about 20 Nige-
rian medicinal plants, in the work of Ivanova, Djingova
and Kuleff (1998), which used the EDXRF technique for
the analysis of soils and medicinal plants of Bulgaria, in
the work of Marguí, Hidalgo and Queralt (2005), using
EDXRF to determine the contents of macro and microele-
ments in bulk products of five plants commonly used in
Spain; in the work of Al-Omari (2011), which analyzed
the elemental concentration of ten drugs purchased on the
market in Jordan, where the concentrations of 19 chemical
elements were analyzed and, more recently, in the works
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of McGladdery and coworkers (2018), who used EDXRF
to analyze the elemental composition of organic material
of 228 samples of plants, involving straw, leaves and bark
acquired in the Romanian market and the work of Luiz
and coworkers (2019), who did a qualitative study of five
medicinal plants commercialized in the state of Rio de
Janeiro (RJ, Brazil) using X-ray Fluorescence analysis.
A large compilation of data pertaining to herbal products
can be found in the work of Sarma et al. (2011).

Material and Methods

Plant products and their adjuvants

Fourteen dried extracts of medicinal plants, six sam-
ples of ground medicinal plants and four adjuvants and/or
excipients were used in the analyses undertaken. Two
types of Camellia sinensis L. were studied, because the
matcha type according to Yamabe et al. (2009) is richer
in some nutritional elements and epigallocatechin 3-O-
gallate than other green teas. The dried extracts and ground
plants were purchased in the Brazilian market. The speci-
fications of use or therapeutics indications, common and
scientific names, and parts of the plants used in the prepara-
tions, sample type (and coding in this work) are described
in Table 1.

The process of manufacturing the ground plants fol-
lows the steps:

(i) the plants are received and pass through an evalu-
ation of their organoleptic characteristics and in case
of approval by the quality control, they are sent to the
storage area for later grinding;

(ii) after the production order is issued, the plants enter
the grinding process, which consists in placing the
plants in an iron hammer mill, with a specific sieve for
powder granulometry;

(iii) the resulting milled material is irradiated with
gamma-rays to eliminate any possible microorgan-
isms present, is then sent to the quality control
laboratory for physicochemical and microbiological
analyzes.

In this study the dried extracts were obtained via spray
drying atomization manufacturing method following the
steps:

(i) plants were received and passed through an evalua-
tion of their organoleptic characteristics and, in case
of approval by the quality control, they are sent to the
storage area for later grinding;

(ii) after the production order is issued, plants enter
in the grinding process, which consists in placing the
plants in an iron hammer mill, with specific sieve for
ripped or ground granulometry;

(iii) after the grinding process, plants go to
the extraction tank to produce the concentrate.
Production of the concentrated extract consists of
adding the solvents (water and/or alcohol) to the crush-
ing plant for extraction, as well as the preservatives
used. The extraction process was carried using either
hot or cold conditions and the extraction time varied
according to the plant used. The concentrated extract
was sent to the quality control laboratory for the appro-
priate physicochemical and microbiological analyses
and, in case of approval, was released to the drying
process;

(iv) concentrated extract was sent to the mixing and
stirring tank, and excipients and/or adjuvants (such as
corn starch, maltodextrin, silicon dioxide, and dyes)
may be added to the concentrate when necessary. The
resulting extract was sent by the controlled speed
pump to the spray dryer. Dried extract, after leav-
ing spray dryer, passed through a vibrating sieve to
standardize the granulometry. After drying, a sam-
ple was withdrawn and sent to physicochemical and
microbiological analyses.

EDXRF system and experimental setup

The Energy Dispersion X-ray Fluorescence (EDXRF)
analysis is a multi-elemental analysis technique, which
consists in the spectrophotometric measuring of the
characteristic X-rays resulting from the excitation of the
atoms of a sample. This qualitative and quantitative tech-
nique allows to identify and establish the proportion of the
chemical elements present in a sample, from the lightest
chemical elements, such as, Al to the heavier ones like Fm,
simultaneously, in a fast way, with minimal preparation
of the samples, in concentrations that may range from a
few µg g−1 to thousands of µg g−1, in a nondestructive
fashion (MENNA JUNIOR et al., 2020; SANTOS et al.,
2018).

The laboratory setup used in this research effort com-
prised a compact system, marketed by Amptek (Bedford,
Massachusetts, USA), composed of a silicon detector
(Silicon Drift Diode) with 25 mm2 of the area by 500 µm
of thickness, protected by a beryllium window of 12.5 µm.
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Table 1 – Scientific name, common name in Brazil, part of the plant used in the analyses, therapeutic indication and
type of samples analyzed.

Scientific name
(common name) Used part Therapeutic indication Sample type (code)

Aesculus hippocastanum L.
(Castanha da Índia) Seed

Anti-inflammatory
(SIMÕES, 2003) Dried extract (CtE)

Camellia sinensis L.
(Chá verde) Leaf

Antioxidant, anti-inflammatory,stimulant,
angioprotective and anti-free radicals

(SIMÕES, 2003)

Dried extract (ChE) and
ground plant (ChM)

Camellia sinensis L.
(Matcha) Leaf

Antioxidant, anti-inflammatory, stimulant,
angioprotective and anti-free radicals

(SIMÕES, 2003)
and beneficial effects on renal and hepatic damage

(YAMABE et al., 2009)

Dried extract (MxE)

Cynara scolymus L.
(Alcachofra) Leaf

Antidyspeptic
(ANVISA, 2011),

prevention of hepatotoxicity, appetite
stimulant, laxative and diuretic

(SAAD et al., 2016)

Dried extract (AfE) and
ground plant (AfM)

Echinacea purpurea L.
(Equinácea ) Leaf

Aerial part Immunostimulant, treatment of
acute respiratory tract infections

(BARRETT, 2003)

Dried extract (EqE) and
ground plant (EqM)

Ilex paraguariensis
(Mate verde) Leaf

Anti-inflammatory,
antioxidant and stimulant

(SIMÕES, 2003)
Dried extract (MtE)

Malpighia glabra L.
(Acerola) Fruit Antioxidant, treatment of anemia

(FREITAS et al., 2006) Dried extract (AcE)

Maytenus ilicifolia L.
(Espinheira santa) Leaf

Antidyspeptic, antacid and
protector of the gastric mucosa

(ANVISA, 2011)

Dried extract (EsE) and
ground plant (EsM)

Melissa officinalis L.
(Melissa) Leaf

Antispasmodic, anxiolytic and
mild sedative

(ANVISA, 2011)
Dried extract (MeE)

Myrciaria dubia
(Camu-camu) Fruit Antioxidant

(AZEVEDO, 2015) Dried extract (CaE)

Passiflora incarnata L.
(Passiflora) Leaf

Aerial part Sedative,
antispasmodic and anxiolytic

(SIMÕES, 2003)
Dried extract (CaE)

Paullinia cupana K.
(Guaraná) Seed

Stimulant
(SIMÕES, 2003)

Dried extract (GuE) and
ground plant (GuM)

Rhamnus purshiana
(Cáscara sagrada) Leaf

Stem’ shell Soft laxative
(SIMÕES, 2003)

Dried extract (CsE) and
ground plant (CsM)

Solanum sessiliflorum
(Fruit) Leaf Antioxidant

(SERENO et al., 2017) Dried extract (MaE)

Source: The authors.

The source of X-rays used for excitation of the samples
consisted of a miniature X-ray tube with an Ag anode, mar-
keted by Amptek (Bedford, Massachusetts, USA). The
X-ray tube was set up to work at 30 kV and 10 µA. The
energy resolution of the detection system is 125 eV quoted
as the full width at half maximum (FWHM) for Mn of
Kα 5.9 keV X-rays from a 55Fe source. All measurements
were carried out using atmospheric air, and the measur-
ing time was set at 300 s (live time) for each sample.
A collimator with an aperture of 2 mm was used at the exit
of the X-ray source. Additionally, Amptek’s ADMCA soft-
ware for data acquisition and control of the signal proces-
sor and Amptek’s XRS-FPTM software for spectrum pro-

cessing and quantitative analysis were used. The EDXRF
system was calibrated using control samples.

Calibration of the fluorescence system

The calibration of the fluorescence system is of
paramount importance for the correct quantification of
the chemical elements of interest, especially for those
elements that should appear in low concentrations, such
as heavy metals. Primary standard as a function of the
number of counts and their respective linear fitting curves
were made for all elements analyzed in this study. The
calibration curves for heavy metals Hg, Pb, As and Cd are
shown in Figures 1, 2, 3 and 4, respectively.
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Figure 1 – The ordinates axis is the concentration of Hg
used in the calibration process and the abscissa axis is the
number of characteristic X-rays that reached the detector.
The calibration curve (Y = 2.84x−9.16) has a coefficient
of determination R2 = 0.9974.

Source: The authors.

Figure 2 – The ordinates axis is the concentration of Pb
used in the calibration process and the abscissa axis is the
number of characteristic X-rays that reached the detector.
The calibration curve (Y = 3.35x−7.89) has a coefficient
of determination R2 = 0.9945.

Source: The authors.

Figure 3 – The ordinates axis is the concentration of As
used in the calibration process and the abscissa axis is the
number of characteristic X-rays that reached the detector.
The calibration curve (Y = 1.18x−30.74) has a coefficient
of determination R2 = 0.9997.

Source: The authors.

Figure 4 – The ordinates axis is the concentration of Cd
used in the calibration process and the abscissa axis is
the number of characteristic X-rays that reached the de-
tector. The calibration curve (Y = 219.12x−5.71) has a
coefficient of determination R2 = 0.9849.

Source: The authors.

The calibration should be done using known quan-
tities of target elements, inserted in a matrix like the
one that will be used in the measurements. In this re-
search work we used a press of 15 ton to produce
tablets of the dried extracts and medicinal ground plants,
which were then analyzed by the fluorescence system.
Hence, to calibrate the fluorescence system one produced
pellets with reference materials, diluted in an organic base
used as additive, composed basically of C and H atoms,
having in lower proportion O and N (PREMIER LAB
SUPPLY, 2019), with the following chemical formula
C38H76O2N2, marketed by Premier LabSupply. Each pel-
let was made up of 3 g of material (analyte plus additive),
being subjected to a compression machine applying 15
ton of pressure for a time of 60 s, producing tablets with a
diameter of 22 mm by 3 mm of height.

The analytes used as reference material in the manufac-
ture of the tablets for calibrating the fluorescence system
were purchased from the company Chemplex Industries
Inc. (SpectroStandards R© XRF reference material prepa-
ration kit number 6700). The kit contains 50 different
chemical elements, most of which are oxide-based.

Calibration tablets were made using different concen-
trations of analyte.

Using the calibration curves and the analysis of the
signal-to-noise ratio at low analyte concentrations, it was
possible to estimate the detection limit for most of the
elements studied in this work and for the heavy metals Hg,
Pb, As and Cd the estimated value was around 2 µg g−1,
therefore, all elementary concentrations presented in this
work, less than 2 µg g−1, should be interpreted as a resid-
ual or trace concentration of the element in question.
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Cluster analysis

Cluster analysis consists of trying to subdivide ob-
jects into clusters in such a way that objects with similar
attributes are close together in some suitable graphical
representation space. In this space, one can then perceive
the formation of groups, with a reasonably clear sepa-
ration from each other. In this subdivision process, the
distances between the objects of the same group should be
the smallest possible, compared to the distances between
objects of different groups. These distances must be de-
fined from the measures of the attributes, establishing how
much the set of attributes is different in each object.

The representation spaces typically used are bi or three-
dimensional graphics for two or three attributes and den-
drograms for three or more attributes. In graphics, each
object appears as a point. Dendrograms are tree-shaped
representations where each terminal or leaf represents an
object and the branches represent the groups.

One way to compare objects that have N characteristics
is to perform clustering analysis. Very similar objects have
few differences in these N characteristics. The similarity
between objects can be measured as a “distance between
object data”. Among the various measures, Euclidean and
correlation are frequently used. Also, such data distances
in clusters are always evaluated between pairs of objects
(THEODORIDIS; KOUTROUMBAS, 2009).

One way to plot these distances or correlation relation-
ships is through the dendrogram, where each bifurcation is
at the level of distance or correlation that separates two ob-
jects (at the first level) and at other levels, the bifurcations
express the distances between the centers of the groups.
The dendrogram is constructed hierarchically, by means
of successive agglutinations of objects, with the measure-
ment of distance or correlation with each agglutination
performed (JAIN; DUBES, 1988).

The software used in cluster analysis performed in this
study was PaSt (Paleontological Statistics) (HAMMER et

al., 2001). The dendrograms and clustering maps of the
samples were made using Python software, the Seaborn
data analysis library and the Matplotlib graphic library
(MCKINNEY, 2013).

Principal component analysis

Principal Component Analysis (PCA) seeks to reduce
the dimensionality of data by expressing them in terms of
new variables called components, that are linear combi-
nations of the original variables. These components are
calculated in a hierarchical way, that is, in decreasing or-

der of information that each can cover over the data set. If
original variables are highly correlated, then they carry the
same information, that is, there is substantial redundancy.
Using the dimensionality reduction provided by the main
components (which retain most of the information) the
data analysis becomes more facilitated to the researcher.
Consequently, there is a balance between simplicity and
objectivity (fewer major components) and richness and de-
tail of the information obtained (using more components).

The main components are variables produced as lin-
ear combinations of the original variables in order of the
information significance. The first major component con-
tains the largest variance amongst the original variables.
If the data are bivariate, this main component has an axis
oriented along the largest axis defined by the distribu-
tion of the data in the two-dimensional space, the same
occurring for larger dimensions.

The second major component defines an orthogonal
axis to the first so that the remaining variance is still as
large as possible. And so on for the other components.
As a result, due to the orthogonality obtained, the prin-
cipal components are mutually uncorrelated and each
one explains the largest possible amount of variation not
yet explained by the previous components (hierarchically
above it).

In an analysis of principal components, the grouping
of the samples defines the structure of the data through
graphs of scores and loadings. In these charts, the axes are
the principal components (PCs).

The scores provide the composition of the PCs in rela-
tion to the samples and are calculated as the projections
of the attributes in the new axes of the PCs. The loadings
inform the composition of the PCs in relation to the vari-
ables, is calculated by the cosine of the angle between
the axis of each variable and the axis of each PC. Thus, it
is possible to examine the relationships between samples
and variables through such graphs, thanks to the orthog-
onality of PCs. This joint study allows us to observe the
influence of each variable in each sample. The software
used for principal component analysis was also the PaSt
(Paleontological Statistics) (HAMMER et al., 2001). As
in cluster analysis, the raw data is selected and the soft-
ware allows the selection of the PCA with the generation
of screes, scores, and loadings.

PCA was performed considering the occurrence of
chemical elements as the target objects of this study, so
that the relationship between these elements and the CPs
were interpreted as scores as well as the relationship be-
tween plants and CPs as loadings.
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Results and Discussion

EDXRF analytical curve

The qualitative and quantitative elemental analyses
performed in this work, using the EDXRF, showed the
presence of the chemical elements As, Cr, Cu, Fe, Ni, Zn,
Si, P, S, Cl, K, Ca, Ti, V, Mn, Co, Rb, Zr, Cd, Sn, Ba, Hg,
Pb, Bi, Mo and Pt in ground plants, extracts of medicinal
plants and some adjuvants used in their manufacture
process.

Analyzing the calibration curves obtained in this work,
it was possible to estimate the limit of detection, staying
around 2 µg g−1, for heavy metals, showing high sensi-
tivity of the system for detection of these elements, which
usually appear in low concentrations.

The linear fitting performed to the experimental data
points exhibited a coefficient of determination, R2, very
close to unity, except for the Cd (R2 = 0.9849) element,
indicating a good precision in the quantification of these
elements. Concentrations below 2 µg g−1, should only be
interpreted as a residual or trace of the presence of the
element in question.

EDXRF results

The EDXRF analyses were carried out in tripli-
cate, and the results are presented as average val-
ues of the concentrations and associated standard
deviations. Table 2 displays the chemical elements identi-
fied and quantified in the dried extracts of samples 1 to 7
of medicinal plants and Table 3 (continuation of Table 2)
displays the same results for samples 8 to 14 of medicinal
plants. Table 4 shows the chemical elements identified and
quantified (samples 15 to 20 of medicinal plants) for the
ground medicinal plants. Concentrations and associated
errors are presented in µg g−1, (ppm).

The data presented in Tables 2, 3 and 4 were originally
published in the proceedings of the XLI Brazilian Meet-
ing on Nuclear Physics (ESTANAGEL et al., 2019). The
results obtained in the present research work show that
for both type of products, dried extracts of the medicinal
plants and ground medicinal plants, a huge range of chem-
ical elements could be identified and quantified, that is,
something around 26 elements appear in almost all the
samples analyzed.

To improve the manufacturing process used in the
production of the dried extracts, in some cases the use of
adjuvants is necessary, for example, to reduce the humidity

of the dried extract, preventing it from accumulating on
the walls of the equipment components or to improve
its appearance, color, etc. Table 5 shows the chemical
elements identified and quantified in the adjuvants used
in the manufacturing process. Table 5 also shows that the
use of adjuvants and/or excipients in the manufacturing
process introduces contaminants into the dried extracts of
medicinal plants or add elements that were not originally
present, such as the Si element which, due to the use of the
substance silicon dioxide as secant, was introduced into
some dried extracts, as can be seen when comparing the
dried extract of C. sinensis L. with the value obtained for
the ground plant, where this element was not originally
present. The use of adjuvants also introduces harmful con-
taminants to the health of living beings, such as the heavy
metals Hg, Pb, As, and Cd. As shown in Table 5, for ex-
ample, for Cd, where a high concentration of this element
was detected in the caramel dye, and Pb in corn starch,
thus, contributing to increased contamination of the final
product(s).

The concentration of elemental impurities in herbal
medicines and excipients must be controlled and, when
present, documented. The acceptable levels for impurities
depend on the end use of the material. Therefore, the
manufacturers of herbal medicines must determine the
acceptable levels of elemental impurities in the herbal raw
material, excipients and/or adjuvant substances used to
produce their products.

The World Health Organization (WHO, 2007) and the
US Food and Drug Administration have set limits for the
occurrence of certain elements such as the heavy metals
As, Hg, Pb and Cd in herbal materials. However, the WHO
has not yet decided what limits are allowed on medicinal
plants for all metals, because many of these metals are
also essential micronutrients for the diet of living beings
(SARMA et al., 2011).

Many countries, including Brazil, do not have estab-
lished regulatory limits for heavy metals in plant products
and preparations therefrom.

In Brazil, there is the Resolution RDC n. 42 (ANVISA,
2013) of the Collegiate Board of the Sanitary Surveillance
Agency (ANVISA) that brings maximum limits of inor-
ganic contaminants in food. The United States Pharma-
copeia (USP, 2006) only establishes a maximum limit for
the sum of heavy metals, such as lead, while other phar-
macopeias, such as the Canadian, stipulates limits for As,
Pb, Cd and Hg.
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Table 2 – Chemical elements identified and quantified (mean concentrations and associated standard deviations
expressed in µgg−1) in samples 1 to 7 of the dried extracts of medicinal plants.

Sample
number 1 2 3 4 5 6 7

Scientific Cynara Myrciaria Solanum Camellia Rhamus Camellia Malpighia
name scolymus L. dubia sessiliflorum sinensis L. purshiana Sinensis L. glabra L.
Code AfE CaE MaE ChE CsE MxE AcE

Element Concentration (µg g−1)
As - - - - < 2 - -
Cr 23.0 ± 1.3 13.0 ± 0.8 16.0 ± 0.9 15.0 ± 0.8 22.0 ± 1.2 14.0 ± 1.4 12.0 ± 0.7
Cu 28.0 ± 0.9 17.0 ± 0.5 16.0 ± 0.5 16.0 ± 0.5 27.0 ± 0.9 16.0 ± 0.5 14.0 ± 0.5
Fe 104.0 ± 3.4 65.0 ± 2.1 65.0 ± 2.1 61 ± 2 94.0 ± 3.1 62.0 ± 2.0 57.0± 1.8
Ni 46.0 ± 3.4 25 ± 2 26.0 ± 2.1 25.0 ± 1.9 44.0 ± 3.3 25.0 ± 1.9 22.0 ± 1.8
Zn 25.0 ± 1.4 14.0 ± 0.7 14.0 ± 0.8 14.0 ± 0.7 25.0 ± 1.3 13.0 ± 0.7 12.0 ± 0.7
Si - (27.3 ± 4.0) 103 (17.6 ± 2.8) 103 (45.3 ± 6.2) 103 - (28.3 ± 4.1) 103 (46.4 ± 0.2) 103

P 150 ± 11 - - - 192 ± 16 - -
S (3.6 ± 0.2) 103 (5.4 ± 0.3) 103 - (5.2 ± 0.3) 103 (2.0 ± 0.1) 103 (3.6 ± 0.3) 103 751 ± 143
Cl (3.0 ± 0.1)103 (2.5 ± 0.1) 103 (2.1 ± 0.1) 103 (3.9 ± 0.2) 103 175 ± 45 (3.4 ± 0.2) 103 (1.1 ± 0.1) 103

K (9.3 ± 0.2)103 690 ± 103 (1.9 ± 0.1) 103 708 ± 113 (1.2 ± 0.1) 103 148 ± 71 762 ± 92
Ca 38 ± 4 33 ± 2 19 ± 2 11 ± 9 16.0 ± 2.4 4.4 ± 1.4 2.0 ± 0.6
V 15 ± 2 6 ± 1 9.0 ± 1.4 5 ± 1 18 ± 2 6 ± 1 6 ± 1

Mn 142 ± 9 71 ± 6 72 ± 6 76 ± 6 106 ± 9 72 ± 6 58 ± 6
Co 2.0 ± 0.5 2.0 ± 0.3 < 2 2.0 ± 0.3 2.0 ± 0.4 < 2 < 2
Rb 13 ± 2 4.0 ± 1.5 4.0 ± 1.3 3 ± 1 2 ± 2 4 ± 1 4 ± 1
Zr 6 ± 2 5.0 ± 1.2 2.0 ± 0.7 5.0 ± 1.2 7 ± 2 4 ± 1 6.0 ± 1.3
Cd 2.0 ± 0.2 5.0 ± 0.5 5.0 ± 0.4 - < 2 - 2.0 ± 0.2
Sn 14 ± 7 5 ± 3 8 ± 4 6.0 ± 3.3 15 ± 8 7 ± 4 7 .0± 3.4
Ba 4.0 ± 1.2 2.0 ± 0.7 5.0 ± 1.2 4 ± 1 2 ± 1 4 ± 1 2.3 ± 0.7
Hg 3.0 ± 0.5 < 2 < 2 < 2 2.0 ± 0.4 < 2 < 2
Pb 3.0 ± 0.5 2.0 ± 0.3 2.0 ± 0.3 2.0 ± 0.3 4.0 ± 0.6 < 2 2.0 ± 0.3
Bi < 2 < 2 - - < 2 < 2 < 2
Mo - - < 2 - - - -
Pt < 2 2.3 ± 0.3 < 2 < 2 < 2 < 2 < 2

Source: The authors.

Table 3 – Chemical elements identified and quantified (mean concentrations and associated standard deviations
expressed in µg g−1) in samples 8 to 14 of the dried extracts of medicinal plants (cont.).

Sample
number 8 9 10 11 12 13 14

Scientific Paullinia Illex Maytenus Echinacea Melissa Passiflora Aesculus
name cupana K. paraguariensis sessiliflorum purpurea L. officinalis L. incarnata L. hippocastanum L.
Code GuE MtE EsE EqE MeE PaE CtE

Element Concentration (µg g−1)
As - - < 2 < 2 2.0 ± 0.2 - -
Cr 19.6 ± 1.1 16 ± 1 18 ± 1 24.0 ± 1.5 23.0 ± 1.4 25.0 ± 1.5 12.0 ± 0.7
Cu 22.0 ± 0.7 20.6 ± 0.7 21.0 ± 0.7 35 ± 1 36 ± 1 35 ± 1 20.0 ± 0.6
Fe 90 ± 3 94 ± 3 78.0 ± 2.5 120 ± 4 108 ± 4 127 ± 4 60 ± 2
Ni 39 ± 3 32 ± 3 33.3 ± 2.4 51 ± 4 49 ± 4 51 ± 4 25 ± 2
Zn 21.0 ± 1.2 19.9 ± 0.9 18.3 ± 1.0 33.2 ± 1.5 29.4 ± 1.4 30.6 ± 1.4 14.5 ± 0.7
Si - (35.1 ± 5.1) 103 (20.3 ± 3.3) 103 - - - (214.7 ± 26.9) 103

P 42 ± 38 (1.3 ± 0.2) 103 989 ± 464 222 ± 170 873 ± 359 204 ± 224 (5.9 ± 1.4) 103

S (2.3 ± 0.1) 103 (4.3 ± 0.3) 103 (6.8 ± 0.3) 103 153 ± 29 499 ± 50 (2.0 ± 0.1) 103 (1.2 ± 0.2) 103

Cl (1.9 ±0.1) 103 (2.6 ± 0.1) 103 (4.9 ± 0.2) 103 (1.00 ± 0.04) 103 (1.73 ± 0.06) 103 (4.7 ± 0.1) 103 989 ± 52
K 490 ± 117 (12.5 ± 0.3) 103 (8.9 ± 0.2) 103 (19.5 ± 0.4) 103 (33.9 ± 0.6) 103 (25.1 ± 0.5) 103 (31.2 ± 0.6) 103

Ca 101 ± 11 228 ± 19 532 ± 25 289 ± 13 51 ± 16 (1.07 ± 0.04) 103 88 ± 18
V 8.0 ± 1.4 7.0 ± 1.2 12 ± 2 10 ± 2 17.0 ± 2.5 13 ± 2 6 ± 1

Mn 102 ± 8 385 ± 11 94 ± 7 187 ± 10 127 ± 11 137 ± 10 59 ± 8
Co 2.0 ± 0.4 < 2 2.0 ± 0.3 4.0 ± 0.6 3.0 ± 0.5 2.4 ± 0.5 < 2
Rb 5.0 ± 1.7 9.0 ± 1.1 10.0 ± 1.1 21.0 ± 1.5 26.0 ± 1.5 14.0 ± 1.7 7.0 ± 0.9
Zr 8.8 ± 2.1 7.1 ± 1.7 10.0 ± 2.2 8.0 ± 2.1 6.5 ± 1.9 16.0 ± 3.5 3.1 ± 0.9
Cd < 2 2.0 ± 0.3 4.0 ± 0.4 2.0 ± 0.4 2.0 ± 0.3 3.0 ± 0.4 < 2
Sn 10.1 ± 5.3 13.8 ± 6.5 11.1 ± 5.5 14.6 ± 7.7 20.3 ± 9.9 11.8 ± 6.4 6.9 ± 3.6
Ba < 2 < 2 2.9 ± 1.0 - - - < 2
Hg < 2 < 2 2.5 ± 0.4 5.3 ± 0.7 18.0 ± 1.2 4.4 ± 0.7 < 2
Pb 3.1 ± 0.5 2.0 ± 0.3 2.0 ± 0.3 3.6 ± 0.5 2.5 ± 0.5 4.2 ± 0.6 < 2
Bi < 2 < 2 < 2 < 2 < 2 < 2 < 2
Mo - - - - - - -
Pt < 2 < 2 < 2 < 2 < 2 2.2 ± 0.5 < 2

Source: The authors.
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Table 4 – Chemical elements identified and quantified (mean concentrations and associated standard deviations
expressed in µg g−1) in samples 15 to 20 of the grinded medicinal plants.

Sample
number 15 16 17 18 19 20

Scientific Echinacea Maytenus Camellia Rhamus Cynara Paulina
name purpurea L. ilicifolia L. sinensis L. purshiana scolymus L cupana K.
Code EqM EsM ChM CsM AfM GuM

Element Concentration (µg g−1)
As - - - < 2 - -
Cr 14.0 ± 1.1 21.6 ± 1.4 21.2 ± 1.3 23.9 ± 1.6 12.1 ± 1.0 24.2 ± 1.4
Cu 32.7 ± 1.1 34.7 ± 1.1 41.7 ± 1.3 37.2 ± 1.2 31.7 ± 1.0 40.9 ± 1.3
Fe 412 ± 8 180 ± 5 339 ± 7 215 ± 6 505 ± 9 228 ± 5
Ni 47.0 ± 4.2 51.5 ± 3.9 53.6 ± 4.2 56.8 ± 4.5 45.8 ± 4.5 49.9 ± 3.6
Zn 30.8 ± 1.5 33.1 ± 1.5 40.0 ± 1.6 34.1 ± 1.7 32.1 ± 1.5 34.3 ± 1.5
Si (6.1±1.5)103 - - - (3.6±1.1)103 -
P (3.4±0.4)103 (2.0±0.3)103 (2.1±0.3)103 576 ± 331 (1.8±0.3)103 (1.9±0.3)103

S (1.4±0.1)103 (1.10±0.08)103 (1.7±0.1)103 288 ± 39 (2.3±0.1)103 (1.1±0.1)103

Cl 155 ± 10 (4.5±0.1)103 472 ± 25 - (12.0±0.3)103 449 ± 25
K (30.1±0.5)103 (18.6±0.4)103 (18.9±0.4)103 (4.2±0.1)103 (50.3±0.9)103 (12.3±0.3)103

Ca (21.5±0.6)103 (12.8±0.3)103 (8.5±0.2)103 (18.7±0.5)103 (25.4±0.7)103 170 ± 7
Ti 214 ± 22 - 112 ± 30 189 ± 51 231 ± 19 72 ± 23
V 5.5 ± 1.4 4.2 ± 1.1 5.8 ± 1.3 4.5 ± 3.3 6.0 ± 1.6 9.9 ± 1.8

Mn 214 ± 10 170 ± 10 (1.85±0.04)103 413 ± 14 165 ± 10 143 ± 10
Co 3.5 ± 1.1 2.5 ± 0.6 2.5 ± 1.0 1.9 ± 0.7 3.7 ± 1.2 3.7 ± 0.8
Rb 19.0 ± 1.5 14.7 ± 1.9 41.8 ± 1.7 19.6 ± 1.9 37.7 ± 1.6 16.1 ± 1.6
Zr 28.8 ± 4.0 21.6 ± 4.4 22.1 ± 4.7 39.0 ± 3.5 31.1 ± 3.4 18.7 ± 3.9
Cd 1.8 ± 0.2 1.9 ± 0.2 0.5 ± 0.1 2.0 ± 0.3 1.1 ± 0.2 1.8 ± 0.2
Sn 17.3 ± 8.7 16.7 ± 8.5 20.8 ± 10.2 23.2 ± 11.5 13.5 ± 7.1 14.1 ± 7.4
Ba - - - 35.9 ± 4.4 - 3.6 ± 1.3
Hg 6.4 ± 0.8 2.8 ± 0.6 < 2 < 2 8.2 ± 0.8 2.9 ± 0.6
Pb 2.7 ± 0.4 3.1 ± 0.5 4.0 ± 0.6 3.9 ± 0.6 3.3 ± 0.5 4.0 ± 0.6
Bi < 2 2.0 ± 0.5 < 2 < 2 < 2 < 2
Mo - - - - < 2 -
Pt - < 2 - - - 3.1 ± 0.6

Source: The authors.

Table 5 – Chemical elements identified and quantified (mean concentrations and associated standard deviations
expressed in µg g−1) in the adjuvants and/or excipients.

Adjuvants Corn starch Maltodextrin Silicon dioxide Dye caramel
Element Concentration (µg g−1)

As - < 2 - < 2
Cr 22.1 ± 1.2 22.7 ± 1.2 11.0 ± 0.6 13.8 ± 1.1
Cu 40.0 ± 1.4 36.6 ± 1.3 11.8 ± 0.4 27.4 ± 1.0
Fe 109.1 ± 3.7 105.0 ± 3.5 46.4 ± 1.5 92.5 ± 3.5
Ni 68.5 ± 5.0 65.3 ± 4.7 18.2 ± 2.2 64.9 ± 4.7
Zn 40.2 ± 2.3 35.6 ± 2.2 12.1 ± 0.6 33.9 ± 2.2
Si - - (856 ± 105) 103 -
P - - - -
S - - - -
Cl - 141 ± 10 66 ± 41 -
K 424 ± 69 424 ± 75 363 ± 38 716 ± 57
Ca - - - -
Ti - - 84.5 ± 22.1 44.5 ± 15.5
V 16.5 ± 2.1 17.1 ± 2.1 14.5 ± 1.6 3.4 ± 0.9

Mn 112 ± 10 111.2 ± 9.5 3.1 ± 10.1 99.4 ± 18.5
Co 2.1 ± 0.6 2.2 ± 0.6 < 2 2.0 ± 0.6
Rb 23.0 ± 5.0 6.2 ± 3.0 4.2 ± 1.1 4.9 ± 3.4
Zr 25.5 ± 6.2 8.2 ± 2.7 11.0 ± 1.8 11.6 ± 3.3
Cd 2.0 ± 0.2 18.2 ± 2.4 < 2 66.2 ± 5.1
Sn 52.5 ± 25.5 28.8 ± 15.1 6.3 ± 3.1 36.2 ± 18.1
Ba 6.3 ± 1.6 2.0 ± 0.9 14.2 ± 1.5 < 2
Hg 2.1 ± 0.7 2.5 ± 0.8 < 2 3.6 ± 0.8
Pb 14.0 ± 1.5 3.5 ± 0.5 < 2 2.0 ± 0.5
Bi 5.2 ± 1.1 < 2 < 2 2.0 ± 0.5
Mo - - - -
Pt 2.0 ± 0.7 2.3 ± 0.7 - -

Source: The authors.
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Heavy metals

According to Herrera-Estrella and Guevara-Garcia
(2009), any metal or metalloid that causes environmen-
tal problems should be a “heavy metal”. Heavy metals
are distributed in nature and appear on soil, water and
air. Plants absorb and concentrate these elements which
eventually end up in living beings after consuming them
either naturally or as part of preparations in the form of
teas, extracts or medicines. The heavy metals that present
greater toxicity to living beings have been proven to pro-
duce cancer, when ingested above certain limits.

Comparing the levels of the heavy metals As, Pb,
Hg, and Cd in the extracts of plants and in the ground
medicinal plants analyzed in this study, one verified that
the As appear in the extracts of M. officinalis L. with 2.0
± 0.2 µg g−1 and E. purpurea L. with a trace concentra-
tion < 2 µg g−1 respectively, below the predicted limits by
most regulatory agencies, except by ANVISA (ANVISA,
2013). The adjuvant maltodextrin presented levels of As
concentration < 0.2 µg g−1. Even at low levels, exposure
to As can cause nausea, vomiting, reduced production of
erythrocytes and leukocytes, abnormal heart beating and
damage to blood vessels (JAISHANKAR et al., 2014).
Long-term exposure to As may lead to the formation of
internal skin lesions, cancers, neurological problems, pul-
monary disease, peripheral vascular disease, hyperten-
sion, and cardiovascular diseases and Diabetes mellitus
(SMITH; LINGAS; RAHMAN, 2000).

The presence of Pb was detected in all extracts and
ground medicinal plants. Pb ingested beyond a certain
threshold may increase blood pressure accompanied by
debilitating effects on key organs such as kidneys and
brain (NKANSAH et al., 2016). Acute exposure to Pb can
cause loss of appetite, headache, hypertension, abdomi-
nal pain, renal dysfunction, fatigue, insomnia, arthritis,
hallucinations and vertigo (JAISHANKAR et al., 2014).
The average concentration of Pb found in the extracts of
medicinal plants was 2.47 µg g−1 whereas that found
in ground plants was 3.50 µg g−1, it was below the
acceptable limits for this metal, by most regulatory agen-
cies, except by ANVISA (ANVISA, 2013).

The production process of the extracts seems to
have low efficiency for the extraction of the main
chemical elements present in the ground plants, as
can be observed when comparing the data presented
in Tables 2 and 3 with the data presented in Table 4.
For the majority of the elements, the concentration of
the chemical elements decreases in the extracts when com-

pared to the same elements present in the ground plants,
being undesirable when we are interested in the extraction
of elements essential for the good functioning of living
organisms, such as Ca, Fe, K, among others. However, the
low efficiency in the extraction can be a good thing, when
the extraction process involves heavy metals such as Pb,
since one always looks for the lowest possible levels of
these elements in the final product(s).

Cadmium poisoning is associated with several disor-
ders, such as renal failure and cardiovascular problems
(NKANSAH et al., 2016). Cd ingestion may cause bone
mineralization through bone damage or renal dysfunction
(JAISHANKAR et al., 2014). Exposure to low concen-
trations of Cd for long periods of time promotes its de-
position in the kidneys leading to kidney disease, fragile
bones and damage to the lungs (BERNARD, 2008). The
limit recommended by the different regulatory agencies
for the intake of Cd is low, less than 1 µg g−1. Con-
sidering all medicinal plant extracts, ground medicinal
plants and adjuvants used, the mean levels found for Cd
were 2.14 µg g−1, < 2 µg g−1 and 21.75 µg g−1, re-
spectively, indicating a high contamination by this ele-
ment in plant extracts and adjuvants, however, with spe-
cial emphasis on the high concentration of Cd found in
adjuvants.

In the present study, it was not possible to obtain de-
tails about the use of the adjuvants listed in Table 5, from
the manufacturers of the extracts of medicinal plants. Thus,
it is not possible to affirm that a certain extract has high
levels of contamination of a certain element, due to the
use of some adjuvants. However, it was observed that two
adjuvants widely used by the food and pharmaceutical
industries in their production processes exhibited levels
of Cd much higher than those recommended by the regu-
latory agencies, namely in maltodextrin which presented
18.2 ± 0.2 µg g−1 of Cd and in dye caramel which pre-
sented 66.2 ± 5.1 µg g−1 of Cd, indicating that if these
adjuvants were used they contributed to the increase in
the final levels of Cd contaminant in the extracts of the
medicinal plants.

Exposure to the organic and/or inorganic Hg element
can damage the developing brain, kidneys, and fetus
(ALINA et al., 2012). Exposure to high doses of Hg
can alter brain functions and lead to tremors, memory
problems, irritability, and changes in vision and hearing
(JAISHANKAR et al., 2014). The acceptable limits for ex-
posure to Hg element provided by the different regulatory
agencies are very low, less than 0.5 µg g−1, indicating
the high degree of toxicity of this metal to living beings.
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All extracts and ground plants showed levels of Hg above
the limits recommended by the regulatory agencies and/or
pharmacopeias, however, the levels of Hg found for the M.

officinalis L. extract of 18.0 ± 1.2 µg g−1 are worrisome.
The maximum amounts of metals in medicinal plants

can also be provided based on the Provisional Tolerable
Intake values (PTI), established by the World Health Orga-
nization WHO and the Food and Agriculture Organization
(FAO). Another quantity has also been proposed, called
Provisional Tolerable Weekly Intake (PTWI), which mea-
sures the acceptable levels of toxic substances that can be
ingested weekly, generally used when contaminants can
accumulate in the body. The PTWI proposed for some
heavy metals are Hg (5 µg g−1 kg−1 b.w.) (b.w. means
body weigh), As (15 µg g−1 kg−1 b.w.), Pb (25 µg g−1

kg−1 b.w.) and Cd (7 µg g−1 kg−1 b.w.) (FAO; WHO,
2005; WHO, 1978, 1989, 2000).

Other metal and non-metallic elements

For the great majority of chemical elements present
in plant products, there are no predictions in the different
pharmacopoeias for the maximum intake doses, because
about 50 elements are vital for human health (TOLONEN,
1990). However, for pharmaceutical products these val-
ues are well established in the different pharmacopeias
through the Permitted Daily Exposure (PDE) (ICH, 2014).

Chemical elements classified as minerals are those that
appear in the diet at PDE higher than 100 mg/day, and so-
called trace elements are those that should enter the diet
but at PDE less than 100 mg/day (SARMA et al., 2011).
The mineral elements include Ca, Mg, P, Na, K, S and
Cl, and the trace elements necessary for the human health
are Fe, Cu, Mn, Zn, Se, Cr, among others (HENDLER,
1991). For chemical elements that do not have cumula-
tive properties in the human body, the Provisional Max-
imum Tolerable Daily Intake (PMTDI) is the quantity
usually used to quantify them. In these cases, a range of
values representing the recommended minimum and max-
imum PMTDI dose is used. For example, the range for:
Cu (0.05−0.5 mg Kg−1 b.w.), Zn (0.3−1 mg Kg−1 b.w.)
and Sn (0−2mg Kg−1 b.w.) (WHO, 1982).

Multivariate Data Analysis: Clustering and PCA

Clustering

When analyzing large amounts of data to find patterns
and/or outliers, Clustering Analysis or Principal Compo-
nent Analysis (PCA) can be a useful tool. In this work,
the multivariate analysis of the data was done on the basis

of a table, where the data was organized in such a way
that the rows in the table represent the objects (medicinal
extracts, medicinal ground plants and adjuvants) and the
columns are the attributes, being represented by the chem-
ical elements measured by EDXRF. From the first row
up to row 14 one placed the extracts, from row 15 to row
20 the ground plants were included and from row 21 to
row 24 the adjuvants were added. The purpose of the clus-
ter analysis was to verify the occurrence of two types of
correlations:

i) between the attributes;
ii) between the objects studied.

Figure 5 displays the results of clustering analysis
in the form of a dendrogram, where it is possible to
identify some correlations between the attributes (chem-
ical elements). The purpose of this analysis was to in-
fer, through these correlations, whether the occurrence
of certain chemical elements, especially heavy metals, is
important to characterize the soil where the crop was or
possible contaminations in the productive process. On the
left side of the dendrogram exhibited in Figure 5, groups
of highly correlated elements (>0.9) are observed. Ana-
lyzing the heavy metals, it is observed that Cd and Pb are
in different groups than that formed by the elements Hg
and As. Considering correlations above 0.8, it is noted
that the elements are grouped in well-defined sets, that
is, the group formed by Ti and Cd, the group formed by
Co, Hg, Pt, Mo, Pd, As, Ba and Bi, plus the sub groups
formed by Rb, Zr, Pb, Cr and V, and Fe, Mn, Ni, Cu, Zn
and Sn.

Figure 5 – Dendrogram showing correlations between
the chemical elements found in the samples analyzed
(medicinal plant extracts, medicinal ground plants and
adjuvants).

Source: The authors.
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Considering a slightly lower cut-off correlation (0.75),
the inclusion of all heavy metals in the leftmost branch is
observed, especially those that demand more attention on
contamination (Cd, Hg, As and Pb). The other elements
appearing in the dendrogram, viz. Si, P, Ca, K, S and Cl,
do not correlate significantly with each other, nor between
any other elements, probably due to both their importance
in metabolic processes and in the constitution of each
plant and soil.

To verify the existence of correlations between the
objects analyzed in this study (viz. medicinal plant ex-
tracts, medicinal ground plants and adjuvants), one used
the dendrogram (emphasized by a colormap) displayed as
Figure 6.

Figure 6 – Color scale matrix of correlations between
medicinal plants. At the edges, one can find dendrograms
representing the clusters formed by similarity.

Source: The authors.
Legend: AcE- M. glabra L. dried extract; AfE- C. scolymus L. dried
extract; AfM- C. scolymus L. ground plant; Ami- Corn starch; CaE- M.
dubia dried extract; ChE- C. sinensis L. dried extract; ChM- C. sinen-
sis L. ground plant; Cor- Dye caramel (adjuvant); CsE- R. purshiana
dried extract; CsM- R. purshiana ground plant; CtE- A. hippocastanum
L. dried extract; Dio- Silicon dioxide; EqE- E. purpurea L. dried ex-
tract; EqM- E. purpurea L. ground plant; EsE- M. ilicifolia L. ground
plant; EsM: M. ilicifolia L. ground plant; GuE- P. cupana K. dried
extract; GuM- P. cupana K. ground plant; MaE- S. sessiliflorum dried
extract; Mal- Maltodextrin; MeE- M. officinalis L. dried extract; MtE- I.
paraguariensis dried extract; MxE- Matchá C. sinensis L. dried extract;
PaE- P. incarnata L. dried extract.

An analysis of the sequence of the samples grouped
in Figure 6 leads to observation that, from the extract of
M. dubia (CaE) to the extract of M. ilicifolia L. (EsE) the
experimental data is highly correlated (correlation around
unity). This group includes only the dried extracts and the
adjuvant silicon dioxide (Dio). The Dio was included in
the analysis performed because this adjuvant was used

in the production process of almost all the samples of
dried extracts, while being absent or appearing in low
concentrations in the ground medicinal plants.

The extracts of P. cupana K. (GuE) and R. pur-

shiana (CsE) make up a distinct group. Another large
group observed in the dendrogram displayed in Figure
6 is formed by the ground plants and adjuvants used in
the manufacture process. In this group, the extracts of
C. scolymus L. (MaE), P. incarnata L. (PaE), E. pur-

purea L. (EqE) and M. officinalis L. (MeE) also appear.
An in-depth analysis of the dendrogram in this region,
leads to observation that there is a strongly correlated
subgroup formed by the ground plants of E. purpurea L.
(EqM), M. ilicifolia L. (EsM), C. sinensis L. (ChM) and
C. scolymus L. (AfM).

The adjuvants corn starch and maltodextrin do not
contribute to discriminate the mode of preparation of the
dried extracts (see Figure 6). On the other hand, it was
expected that the ground plants showed a strong corre-
lation with their respective dried extracts; however, this
correlation was only observed for the C. scolymus L. and
E. purpurea L. plants, indicating once again that the pro-
duction process used in the preparation of the extracts has
a low efficiency in the extraction of the main chemical
elements present in the ground plants, verified by the low
correlation between them.

PCA

In order to do a Principal Component Analysis (PCA),
the first step is to check how many principal components
should be used to correctly describe the problem under
study. In the study performed and described herein, it
was verified that only two components would suffice to
describe the behavior of the data. In Figure 7 one can ob-
serve how the plants are distributed in relation to the first
two principal components (loadings), whereas in Figures
8 and 9 one can observe how the chemical elements are
distributed in relation to the same components (scores).

From inspection of Figure 7 one can see that the dis-
tribution of the ground plants and extracts is grouped in a
way coherent with that observed in Figure 6, that is, the
extracts from CaE up to the EsE are highly correlated with
a high loading in the PC2, associated with the adjuvant
silicon dioxide (the Si element presents a very high in this
same component, as shown in Figure 8). The other group
of plants presents high loadings in the PC1 component as
shown in Figure 7, strongly associated with the presence
of K (presenting a very high score in this component, as
can be seen in Figure 8).

222
Semina: Ciências Exatas e Tecnológicas, Londrina, v. 41, n. 2, p. 211-228, July/Dec. 2020



Pollutants harmful to health in herbal products detected by X-ray fluorescence spectroscopy

Figure 7 – Loadings in the first two principal components.

Source: The authors.

Figure 8 – Scores of chemical elements in relation to the Principal Components PC1 and PC2

Source: The authors.

All the ground plants presented high K levels, however,
the concentration of this element in all dried extracts was
found to be low. This fact allowed the PCA analysis to
separate the ground plants in one group and the extracts in
another group. The R. purshiana presents close loadings
both for the ground plant and for the dried extract in the
PC2 component, and does not group with the other plants
and/or extracts, the same occurring with the GuE (also
not grouping) due to the mix of chemical elements that
appear in proportions significantly different from those of
the other plants.

A separate case is the C. scolymus L. whose compo-
sition of the detected elements differ little in the extract

and in the ground plant, but which must have more simi-
larity with the ground plants, and therefore it was placed
in this group.

An analysis of the graphs displayed in Figures 8 and 9
leads to observation that the distribution of the chemi-
cal elements is very close to that presented in Figure 5,
obtained by clustering analysis.

The chemical element that has the highest score in the
PC2 component is Si whereas in the PC1 component one
finds K followed by Ca, Cl and S, which therefore do not
form a group (Figure 5). Figure 8 displays a subgroup
formed by the elements Ni, P, Fe and Mn, corroborating
what was already observed in the analysis via clustering.
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Figure 9 – Detailed view of scores of chemical elements related to PC1 and PC2.

Source: The authors.

In our opinion, it seems easier to understand the behav-
ior and correlations presented by ground plants, extracts
and adjuvants through PCA analysis, and it appears to be
clearer how chemical elements behave when we look at
clustering analysis, but in the end, both techniques bring
similar information about the problem, and both tech-
niques of data analysis and representation complement
each other, so it was important that both provided the same
information.

Conclusions

The EDXRF technique used in the research effort
entertained herein for identification and quantification
of metal and nonmetal elements in herbal products, re-
quires certification to be adopted by pharmacopoeias and
other regulatory agencies, as a valid technique for ele-
mental analysis. According to the Brazilian Pharmacopeia
(ANVISA, 2010), the technique approved for quantifi-
cation of heavy metals such as As, Cd, Hg and Pb, be-
sides a range of other elements like Ir, Mn, Mo, Ni,
Pd, Pt, Rh, Ru, V, Cr and Cu, is the Atomic Absorp-
tion Spectrometry (AAS) (CALDAS; MACHADO, 2004).
The AAS analytical method makes it possible to quantify
each element present in the sample with a safety margin,
considering the limits imposed by regulatory agencies
(FERNÁNDEZ; LOBO; PEREIRO, 2019). However, the
AAS technique requires the use of high cost equipment

and the sample preparation and system calibration need to
be performed by highly specialized technicians, making
it unfeasible for use in most laboratories. On the other
hand, with the advances in the electronics industry, it is
now possible to find low cost X-ray Fluorescence equip-
ment, which presents great precision and can be used for
both qualitative and quantitative multi-elemental analyses,
making it possible to determine the presence of elements
from Al to Fm, in concentrations ranging from µg g−1

to thousands of µg g−1 (in the present research work,
one measured elements from Si to Bi, in concentrations
ranging from 2 to 856 ×103 µg g−1), in a quick and si-
multaneous fashion, indicating that the EDXRF technique,
as demonstrated in this study, can be used to quantify prac-
tically all elements of interest in the pharmaceutical and
food industries, within the limits established by regulatory
agencies.

In the present work, practically all of the ground
medicinal plants and their extracts presented contamina-
tion by heavy metals, with the levels of contamination
for As and Pb of the herbal products analyzed, being in
average below the limits recommended by the regulatory
agencies; however, for the contaminants Cd and Hg, in
average, the values found were well above the recom-
mended limits, as can be seen in the Hg contamination
in the extract of M. officinalis L. We also show in this
work, that part of the contamination found in the herbal
products can come from the adjuvants/excipients used in
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the production process, since high levels of heavy metals
like Pb in corn starch adjuvant and Cd in maltodextrin
were detected. The producing process of the extracts from
the ground plants presented low efficiency in the trans-
ferring process of the chemical elements present in the
ground plants to the extracts, since the mean concentra-
tion of all elements, on average, were lower in the extracts
than in the ground plants. The low efficiency in the ex-
traction of the elements has the benefit of reducing the
contamination by harmful elements to health, such as
heavy metals.

We also show that it is possible, using multivariate
data analysis, to understand how the chemical elements
are correlated, and clearly show that plants, extracts and
adjuvants also form clusters. As the herbal products con-
sumed by the general population depends on the country,
since the techniques of preparation of the herbal prod-
ucts, the specimens of plants used, the type of soil, fer-
tilization, presence of pesticides, among others, in ad-
dition to popular beliefs regarding the uses of herbal
products that are different from country to country. Al-
though the exact location of the crop of the sampled
plants has not been provided, there are strong correla-
tions between several elements evidenced by the den-
drogram (>0.9) in the Figure 5, possibly indicating the
same crop region, as a function of the absorption of these
elements.

Considering the maxim that if a product is “natu-
ral” then it is good and therefore cannot be harmful
to the health, there is the need for constantly monitor-
ing the herbal products consumed by the local popula-
tion and their respective production processes, in order
to create safeguards for the safety of this population,
since there are still gaps in the chemical composition
of medicinal plants consumed in different countries and
their effects on the health of the populations that consume
them.
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