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Using microwave mineralization in order to determine heavy metal concentration in samples
of herbs used for pharmaceutical purposes

L. Dospatliev *

Department of Pharmacology, Animal Physiology and Physiological Chemistry, Faculty of Veterinary Medicine, Trakia University, 6000 Stara Zagora,
Bulgaria.

Abstract. The purpose of the recent study was to determine the heavy metals (Pb, Zn, Cd and Ni) content in samples of medicinal plants collected from Batak
Municipality by the application of microwave system Mileston 1200 MEGA for sample preparation. ICP - OES was used for the quantity determination of the
heavy metals. Certified Virginia Tobacco CTA-VTL-2 material was applied to test the analyses accuracy. The analytical results obtained displayed that the
concentrations of the metals determined were below the permissible levels regulated by the World Health Organization. It was established that due to the
considerably reduced acid consumption and analyses time, microwave mineralization could be accepted as the most economically profitable sample

preparation method.

Keywords: microwave mineralization, heavy metals, St John's wort, nettle.

Abbreviation: ICP-OES - inductively coupled plasma-optical emission spectrometry, ICP-MS - inductively coupled plasma-mass spectrometry, ETAAS -
electrothermal atomic absorption spectrometry, CTA-VTL-2 - certified Virginia tobacco leaves.

Introduction

Medicinal plants and the galecinals derived from them have
been widely used as raw materials in the pharmaceutical industry
(Eisenberg et al. 1998). Recent years have seen a significant
increase in the use of herbs in medicine. Doctors also prescribe
herbal teas and herbal extracts as an additional type of treatment in
daily practice. Although herbal medicines are often perceived as
natural and therefore safe, they are not exempt from adverse effects
(Emst, 2000; Ernst, 2002). Given the complexity of medicinal plants
and their inherent biological functions, it is necessary their safety,
effectiveness, and quality control to be evaluated (Environment
Health Criteria, 1995). Although many studies on the quality of
medicinal plants have been reported in contemporary literature
(Brantner and Males,1999), very little research has been done on
their heavy metal content. Heavy metals infect plants and cause
serious risks to human health, such as kidney failure, symptoms of
chronic toxicity, liver damage, etc. (Andrew et al., 2003). According
to the World Health Organization (Environment Health Criteria,
1995), heavy metals in the body definitely need to be controlled by
medicines for safety reasons. One of the main reasons for
monitoring levels of toxic metals in medicinal plants is that
environmental pollution in recent years has increased dramatically.
The sources of this pollution are quite diverse and range from
agricultural to industrial (Gosslim et al., 2007). Thus, the monitoring
of the content of heavy metals in medicinal plants is a promising tool
for their characterization (Brown et al.,1992; Latorre et al.,1999).The
monitoring is usually includes a variety of plant species that are able
to take in and absorb toxic substances, such as: moss, pine needles,
dandelion, nettle, St. John's wort, black poplar and others.
(Ingermannetal.,1997;Simon etal.,2004).

Overall, the most widely used techniques for the determination
of trace elements in plant samples are ETAAS (Chuang et al., 1999),

* e-mail: lkd@abv.bg

40

ICP-OES (Farias et al., 2002) and ICP-MS (Matsuura et al., 2001).
These methods are rapid and sensitive in determining the amount of
trace elements in samples. Low levels of certain trace elements are
not compatible with conventional ICP-OES detection limits, thus the
use of ultrasound nebulizer system is necessary. By ebulizer
ultrasound system attached to the ICP-OES, the detection limit can
be improved from 5 to 50 times. The purpose of this study is to
analyze the content of heavy metals in St John's wort and nettle,
using microwave mineralization in the samples in order to good
commercial quality of these products (Farias etal., 2002).

Material and methods

Facilities

Measurements for the content of heavy metals in the plant
samples was done with a ICP - OES. In sample preparation for
analysis a microwave system Mileston 1200 MEGA with a rotor 10
MRD 300 (10 positions) was used. The maximum power was 1000
W, and the maximum pressure in the Teflon pots was 30 bar.

Reagents

Reagents are qualified "AR" (pa Merck i Fluka). The starting
standard solutions for ICP determination of Ni, Zn, Pb, Cd with conc.
1000 mg / | were supplied by Merck, Darmstadt Germany. In all
procedures doubly distilled water was used.

Samples

In order to check the accuracy of the method a reference
material CTA-VTL-2 was used. To assess the accuracy of
assignment in conducting the experiment and the accuracy of the
results obtained by different methods, three generally accepted
criteria were used, as follows:

D = X = X Where X is the measured value and X, is the

certified value. When D is within the borders of +2c, where is the



standard deviation from the certified value, the result is considered
to be good; whenitis-3c <D <3c - satisfactory, and beyond these
limits the resultis unsatisfactory (ISO/DIS 13528, 2002).

D % =D/ XCRM .100 - percentage difference. When the values
of D % are in the limits +200c/XCRM the resultis considered to be
good, when the value is in the limits £ 200 / XCRM and + 300c/
XCRM - satisfactory, and when it is out of the limits + 300c/XCRM
the resultis unsatisfactory.

Z=X-XCRM/ o . When Z <2 the result is considered to be
good, when2 < Z<3- satisfactory, whenZ 3 - unsatisfactory.

In presenting the results in the tables, the good results are
marked with 2 stars (**), and the satisfactory with 1 star (*).

For easier evaluation of the effectiveness of the different
methods for sample preparation we have used R criterion showing
the extent of extraction of the element in percents from the certified
value. Samples of St. John's wort and nettles were collected near
Tsigov Chark- Batak road ( from 100 m to 500 m distance from the
road). The samples were prepared for the experiment in a standard
way; they were dried at 65° C in a fan oven and stored in dark

polyethylene bottles.

Sample mineralization

0.5 g. of dried and well homogenized sample material is
weighed and then moved into Teflon pots and adding to each of them
10 ml. nitric acid. Program mineralization includes 3 stages: (I) 5 min
nonpulse irradiation - 250 W; (I1) 5 min pulse irradiation - 400 W and
(1) 5 min pulse irradiation - 600 W. After ventilation for one minute
the sample is cooled, transferred quantitatively and some water is
added up to 50 ml.

Results and discussion

Heavy metal content values in Tobacco-CTA-VTA-2 certified
reference material are presented in Table 1. The results of the
effectiveness of microwave mineralization in the determination of
Pb, Zn, Cd and Niin Virginia Tobacco-CTA-VTA-2 certified reference
material are presented in Table 2. From the results presented it can
be concluded that the Ni and Cd extraction degree to the certified

Table 1. Heavy metal content in Virginia Tobacco (Nicotiana tabacum)-CTA-VTA-2 certified reference material.

Certifying marerial

Element,
X+ o mglkg

Tobacco-CTA-VTA-2 Pb Cd

Ni Zn

221%12

1.52+0.17

198 + 0.21 43321

Table 2. Effectiveness of microwave mineralization in the determination of Pb, Zn, Cd and Ni in Virginia Tobacco -CTA-VTA-2

certified reference material

oX,

X

oX,

Method mg/i(g mglkg D D, % z R
Ni-Microwave mineralization, HNO3 192.3 11.2 -57 -2.87 -0.51* 971
Zn-Microwave mineralized, HNO3 36.5 2.7 -6.8 -15.7 -3.24 84.3
Pb-Microwave mineralization. HNO3 18.0 0.7 -4 18.6 -3.42 814
Cd-Microwave mineralization HNO3 1.65 0.1 0.13 8.6 0.76** 108.5

value is good, but that for Pb and Zn is less than satisfactory.
Analyses of the results of the laboratories participated in FAPAS
(Food Analysis Performance Assessment Scheme) in the period
1991 to 2000 Rose et al. (2001) show that the satisfactory result
percentage ranges of 34 to 100 percent depending on the material,
method of mineralization and measurement techniques. The
comparison of 5 sample decomposition methods shows that the use
of closed pressure pots leads to good analytical results. The same is
Poykio et al. (2000) conclusion based on comparison of methods for
the dissolution of several certified plant multi analysis materials, but
according to the author, microwave dissolution combined with ICP -
OES and ICP-MS is the fastest method for botanical material
analysis. There are also studies concerning heavy metal content in
tobacco leaves (Vaisanen et al., 2002). However, only a few of them

concern the techniques for preparing analysis samples (Dospatliev
etal.,2007). It can be concluded that the analysis sample dissolution
is a critical step in obtaining accurate data on heavy metal quantity .
This is particularly important in the study of plant material, because
most often they are not sufficiently homogeneous and usually
contain variable matrices. The heavy metal content results in St
John's wort and nettle are presented in Table 3 and 4. The results
establish the following relationship: Samples taken from 000-100 m
contain the highest concentration of heavy metals, and sample
taken from 300-500 m have the lowest.

The analytical results obtained for heavy metals in plant sample
show that they have lower concentrations than those recommended
by the World Health Organization.
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Table 3. Heavy metal content in St. John's Wort (Hypericum perforatum L.).

Element,
Herb Samples, X+ 0 mglkg
m Pb Cd Ni Zn
0-100 4987 +1.73 223 +£0.173 0.73 £0.057 3.87£0.173
St John's 100-200 4187 +£1.73 1.8+0.104 0.6+0.17 3.43+0.173
wort 200-300 2717 +4.45 117 £0.288 0.33 £ 0.057 3.03+0.130
300-500 19.70 £1.73 0.77 £0.173 0.13 £. 057 2.30 £0.217
Table 4. Heavy metal content in nettle (Urtica dioica L).
Element,
Herb Samples, X + 0 mglkg
m Pb Cd Ni Zn
0-100 134.77 +1.83 24+0.16 0.86 £ 0.057 6.31£0.42
Nettl 100-200 102.55 £ 2.72 1.87£0.173 0.74 +0.173 547 +0.54
ettle
200-300 87.19+£3.79 1.50+0.16 0.55 £ 0.057 450+0.24
300-500 52.35+5.11 1.10+£0.16 0.25 £ 0.057 3.57 £0.21
Conclusion Environment Health Criteria No. 165, 1995. World Health

Microwave mineralization is the most appropriate sample
preparation method for the determination of heavy metals
concentrations in a plant material used in the pharmaceutical
industry.

Microwave mineralization could be recommended due to the
rapidity of samples decomposition and service simplicity.

The application of microwave mineralization could be accepted
as the most economically profitable sample preparation method due
to the considerably reduced acid consumption and analyses time.

References

Andrew AS, Warren AJ, Barchowsky A, Temple KA, Klei L,
Soucy NV, O'Hara KA and Hamilton JW, 2003. Genomic and
proteomic profiling of responses to toxic metals in human lung cells.
Environmental Health Perspective, 111, 825-838.

Brantner AH and Males Z,1999. Quality assessment of Paliurus
spinachristi extracts. Journal of Ethnopharmacology, 66, 175-179.
Brown SD, Bear RS and Blank TB, 1992. Chemometrics.
Analytical Chemistry, 64, 22-49.

Chuang IC, Huang YL and Lin TH, 1999. Determination of lead and
cadmium in chinese crude drugs by graphite-furnace atomic
absorption spectrometry. Analytical Sciences, 15, 1133-1136.
Dospatliev L, Zaprjanova P, Angelova V, Ivanov K and Bekjarov
B, 2007. A Comparative Study of the Methods for Preparation of Soil
Samples for Determination of K, Na, Ca and Mg. Ecology 2007,
Scientific articles, 221-228.

Eisenberg DM, Davis RB, Ettner SL, Appel S, Wilkey S, Rompay
MV and Kessler RC, 1998. Trends in alternative medicine use in the
United States, 1990-1997, results of a follow-up national survey.
Journal of American Medical Association, 280, 1569-1575.

42

Organisation, 145-149.

Ernst E, 2000. Heavy metals in traditional Indian remedies.
European Journal of Clinical Pharmacology, 57, 891-896.

Ernst E, 2002. Toxic heavy metals and undeclared drugs in Asian
herbal medicines. Trends Pharmacological Sciences, 23, 136-139.
Farias GM, Wuilloud RG, Moyano S, Gasquez JA, Olsina RA and
Martinez LD, 2002. Determination of cobalt in urine by FI-ICP - AES
with online preconcentration. Journal of Analytical Toxicology, 26 ,
360-364.

Gosslim RE, Smith RP, Hodge HC and Braddock LE, 2007.
Determination of heavy metals for the quality control in argentinian
herbal medicines by ETAAS and ICP-OES. Food and Chemical
Toxicology, 45,1060-1064.

Ingermann L, Bencic C and Eroschenko P, 1997. Methoxychlor
Alters Hatching and Larval Startle Response in the Salamander
Ambystoma macrodactylum. Bulletin of Environmental
Contamination and Toxicology, 59, 815-821.

ISO/DIS 13528, 2002. Statistical methods for use in proficiency
testing by interlaboratory comparisons. International
Standardisation Organisation, Geneva, Switzerland.

Latorre MJ, Pena R, Pita C, Botana A, Garcia S and Herrero
C,1999. Chemometric classification of honeys according to their
type Il. Metal content data. Food Chemistry, 66, 263-268.

Matsuura H, Hokura A, Katsuki F, Itoh A and Haraguchi H, 2001.
Multielement determination and speciation of major-to-trace
elements in black tea leaves by ICP-AES and ICP-MS with the aid of
size exclusion chromatography. Analytical Sciences, 17, 391-398.
Poykio R, Torvela H, Peramaki P, Kuokkanen T and Ronkkomaki
H, 2000. Comparison of dissolution methods for multi-element
analysis of some plant materials used as bioindicator of sulphur and
heavy metal deposition determined by ICP-AES and ICP-MS.
Analusis, 28, 850-854.

Rose M, Knaggs M, Owen Linda and Baxter M, 2001. A review of
analytical methods for lead,cadmium, mercury, arsenic and tin



determination used in proficiency resting. JAAS, 16, 1101 - 1106.
Simon L, Martin H and Adriano D, 2004. Chicory (Cichorium
intybus L.) and dandelion (Taraxacum officinale Web.) as
phytoindicators of cadmium contamination. Water, Air, & Soil
Pollution, 91, 351-362.

Vaisanen A, Suontamo R, Silvonen J and Rintala J, 2002.
Ultrasound-assisted extraction in the determination of arsenic,
cadmium, copper, lead, and silver in contaminated soil samples by
inductively coupled plasma atomic emission spectrometry.
Analytical and Bioanalytical Chemistry, 373, 93-97.

43



CORRECTIONS

On:

AGRICULTURAL SCIENCE AND TECHNOLOGY, VOL. 1 No 4 pp 130

Figure 4 is:

Todora
Yasen

San Pastore
Enola

Katya

Pliska
Kristora
Prostor
Kristal

Galateya

and have to be:

Rekviem
C 92/203-1
Mizia
A91/7-8
Svilena
Ideal
Lazarka
Kaloyan
Milena

Laska

Figure 4. Duration of the period to heading and maturity in the group of late varieties expressed as relative value from

the standard

O pH
O ppm

} 9%
80 :
} %
73 ‘
%3
73
: %
73 |
} 9
67 :
} 93
67 :
100
67
110
60
} %
60 |
} 105
53 :
1024
1533
1024
1533
100.0
1467
100.0
140.0
1049
1333
97.6
1333
9.1
1333
100.0
1333
1073
1267
1073
1267

O pH
[ pPm

The Editorial board of Agricultural Science and Technology wood like to apologize to the author of the paper Mr N. Tsenov and all scientists

interested in our journal for the technical error, made by the publishing house.




Instruction for authors

Preparation of papers

Papers shall be submitted at the editorial
office typed on standard typing pages (A4,
30 lines per page, 62 characters per line).
The editors recommend up to 15 pages for
full research paper ( including abstract
references, tables, figures and other
appendices)

The manuscript should be structured as
follows: Title, Names of authors and
affiliation address, Abstract, List of
keywords, Introduction, Material and
methods, Results, Discussion,
Conclusion, Acknowledgements (if any),
References, Tables, Figures.

The title needs to be as concise and
informative about the nature of research. It
should be written with smalll letter /bold, 14/
without any abbreviations.

Names and affiliation of authors
The names of the authors should be
presented from the initials of first names
followed by the family names. The
complete address and name of the
institution should be stated next. The
affiliation of authors are designated by
different signs. For the author who is going
to be corresponding by the editorial board
and readers, an E-mail address and
telephone number should be presented as
footnote on the first page. Corresponding
authorisindicated with *.

Abstract should be not more than 350
words. It should be clearly stated what new
findings have been made in the course of
research. Abbreviations and references to
authors are inadmissible in the summary. It
should be understandable without having
read the paper and should be in one
paragraph.

Keywords: Up to maximum of 5 keywords
should be selected not repeating the title
but giving the essence of study.
The introduction must answer the
following questions: What is known and
what is new on the studied issue? What
necessitated the research problem,
described in the paper? What is your
hypothesis and goal ?

Material and methods: The objects of
research, organization of experiments,
chemical analyses, statistical and other
methods and conditions applied for the
experiments should be described in detail.
Acriterion of sufficientinformation is to be

possible for others to repeat the
experimentin order to verify results.
Results are presented in understandable
tables and figures, accompanied by the
statistical parameters needed for the
evaluation. Data from tables and figures
should not be repeated in the text.
Tables should be as simple and as few as
possible. Each table should have its own
explanatory title and to be typed on a
separate page. They should be outside the
main body of the text and an indication
should be given where it should be
inserted.

Figures should be sharp with good
contrast and rendition. Graphic materials
should be preferred. Photographs to be
appropriate for printing. lllustrations are
supplied in colour as an exception after
special agreement with the editorial board
and possible payment of extra costs. The
figures are to be each in a single file and
their location should be given within the
text.

Discussion: The objective of this section
is to indicate the scientific significance of
the study. By comparing the results and
conclusions of other scientists the
contribution of the study for expanding or
modifying existing knowledge is pointed
out clearly and convincingly to the reader.
Conclusion: The most important conse-
quences for the science and practice
resulting from the conducted research
should be summarized in a few sentences.
The conclusions shouldn't be numbered
and no new paragraphs be used.
Contributions are the core of conclusions.
References:

In the text, references should be cited as
follows: single author: Sandberg (2002);
two authors: Andersson and Georges
(2004); more than two authors: Andersson
et al.(2003). When several references are
cited simultaneously, they should be
ranked by chronological order e.g.:
(Sandberg, 2002; Andersson et al., 2003;
Andersson and Georges, 2004).
References are arranged alphabetically by
the name of the first author. If an author is
cited more than once, first his individual
publications are given ranked by year, then
come publications with one co-author, two
co-authors, etc. The names of authors,
article and journal titles in the Cyrillic or
alphabet different from Latin, should be
transliterated into Latin and article titles
should be translated into English.
The original language of articles and books
translated into Englishis indicatedin

parenthesis after the bibliographic
reference (Bulgarian = Bg, Russian = Ru,
Serbian = Sr, if in the Cyrillic, Mongolian =
Mo, Greek = Gr, Georgian = Geor.,
Japanese = Ja, Chinese = Ch, Arabic = Ar,
etc.)

The following order in the reference list is
recommended:

Journal articles: Author(s) surname and
initials, year. Title. Full title of the journal,
volume, pages. Example:

Simm G, Lewis RM, Grundy B and
Dingwall WS, 2002. Responses to
selection for lean growth in sheep. Animal
Science, 74, 39-50

Books: Author(s) surname and initials,
year. Title. Edition, name of publisher,
place of publication. Example:
Oldenbroek JK, 1999. Genebanks and
the conservation of farm animal genetic
resources, Second edition. DLO Institute
for Animal Science and Health,
Netherlands.

Book chapter or conference proceedings:
Author(s) surname and initials, year. Title.
In: Title of the book or of the proceedings
followed by the editor(s), volume, pages.
Name of publisher, place of publication.
Example:

Mauff G, Pulverer G, Operkuch W,
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of
unconverted and converted C3. In:
Provides of the Biological Fluids (ed. H.
Peters), vol. 22, 143-165, Pergamon
Press. Oxford, UK.

Todorov N and Mitev J, 1995. Effect of
level of feeding during dry period, and body
condition score on reproductive
performance in dairy cows, IX "
International Conference on Production
Diseases in Farm Animals, Sept.11 — 14,
Berlin, Germany, p. 302 (Abstr.).
Thesis:

Penkov D, 2008. Estimation of metabolic
energy and true digestibility of amino acids
of some feeds in experiments with muscus
duck (Carina moshata, L). Thesis for DSc.
Agrarian University, Plovdiv, 314 pp.

The Editorial Board of the Journal is not
responsible for incorrect quotes of
reference sources and the relevant
violations of copyrights.



AGR[CULTUR/[L Volume 2, Number 1

March 2010

SCIENCE AND TECHNOLOGY

CONTENTS

Genetics and Breeding
Synchronization of estrous in gilts with Altrenogest
S. Dimitrov, G. Boney, Hr. Taseva

Phenotypic stability of new cotton varieties with improved fiber quality
A. Stoilova

Effect of age upon the reproductive performance of Japanese quails
A. Genchev

Nutrition and Physiology

Ethological evaluation of a building for free housing of dairy cows.
II. Behavioural activities in the winter

|. Varlyakov, T. Slavov, N. Grigorova

Effect of the addition of VemoZim F (phytase) to diets with decreased content
of phosphorus on the microstructure of tibia in broiler chickens
V. Georgieva, D. Yovchev, A. Atanasov

Production Systems

Quantitative changes in major components of lavender oil during the distillation
process

G. Zhekova, N. Nedkov

Influence of some stimulators on the grain yield and sowing-seed properties
of two durum wheat cultivars
G. Delchey, D. Nenkova, D. Stoychev

Agriculture and Environment
Anthropogenically disturbed soils and methods for thier reclamation
M. Banoyv, V. Tsolova, P. Ivanov, M. Hristova

Using microwave mineralization in order to determine heavy metal
concentration in samples of herbs used for pharmaceutical purposes
L. Dospatliev

Tolerance of lucerne varieties to Apion seniculus Kirby (Coleoptera:
Curculionidae)
. Nikolova, N. Georgieva

Quality and Safety

Probiotic characteristics of lactic acid bacteria isolated from feces of breast-
fed infant

S. Boycheva

Heat-induced changes in organic compounds characteristics and properties
of sandy soils
. Atanassova, S. Doerr

Journal web site:
www.uni-sz.bg/ascitech/index.html www.alfamarket.biz

Publisher:

14

22

26

44

48



	FRONT
	9_Using Microwave mineralization in order to determine
	CORRECTIONS
	BACK

