Acta Pharm. 46 (1996) 295-302

XII_0722

Original scientific paper

Determination of some trace elements in representatives of
genus Thymus L. (Lamiaceae) by electrothermal atomic
absorption spectrometry

TATJANA KADIFKOVA PANOVSKA!
TRAJCE STAFILOVZ

STEVAN BAUER!

SVETLANA KULEVANOVA'

KIRIL DOREVSKI'

Faculty of Pharmacy
Vodnjanska 17, 91000 Skopje

Determination results of trace elements: Cd, Co, Cr, Cu,
Ni and Pb in some representatives of genus Thymus L. by
electrothermal atomic absorption spectrometry are pre-
sented in this paper. Two procedures of mineralization
(wet and dry) are suggested. Procedures were checked
by a method of standard addition. Recovery values for
examined elements ranged from 92.7% to 105.7% for wet

Macedonia and from 93.3% to 105.5% for dry procedure (except for
Cd and Pb ranging from 67.4% to 87.9%). Repre-
sentatives of genus Thymus in the flora of the Republic of
Macedonia contain following trace elements: Cu > Cr >
Ni > Pb > Co > Cd. Considerable variations in the
amounts of some elements are probably dependent upon
a particular season of the plant collection, site of its ori-
gin, as well as upon differences of the species included in
the examination. Trace elements content probably de-
pends upon climatic, ecological, pedological and other
factors.
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Recently, we have reported the data concerning the macroelements in the repre-
sentatives of genus Thymus appearing in the flora of the Republic of Macedonia (1). The
elements such as Ca, Mg, Na and K, which are commonly in higher quantities present
in plants, were the most abundant elements in the samples of various taxa of genus Thy-
mus. On the other hand, high amounts of Fe, Zn and Mn were also determined and a
few taxa of genus Thymus from Macedonia showed a tendency to accumulate Fe (1). As
it is well known, certain microelements are extremely important for some functions in
human organism. Second part of our examination was devoted to the determination of
microelements in Macedonian taxa of genus Thymus. The aim of present examination re-
sulted from the fact that no data on microelements in Macedonian taxa of genus Thymus
were found, and those concerning other taxa of genus Thymus are only few in number (2).
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For many years in Macedonian folk medicine some representatives of genus Thymus
have been used against the abdominal throes or some pulmonary infections (3). Al-
though the efficiency of these plants is probably due to some constituents of essential
oil or some flavonoids, it is well known that the presence of some microelements could
give a synergistic effect with those constituents (4).

The presence of trace elements in the plants was expected. As a result of the pol-
luted environment, their concentration can be increased, and the elements, not present
in the plant constitution, can be found. The most present contaminants are lead and cad-
mium. Their toxical reaction originates from their specific influence mechanism, and dis-
turbance of which can prevent the hemoglobin synthesis and cause anemia (5).

Accordingly, the aim of this work is to determine some trace elements (Cd, Co, Cr,
Cu, Ni and Pb) in the representatives of genus Thymus L. by use of electrothermal atomic
absorption spectrometry (ETAAS).

EXPERIMENTAL

Apparatus

A Perkin-Elmer Model 303 atomic absorption spectrometer (Perkin-Elmer, Norwalk,
CT, USA) equipped with a deuterium background corrector and HGA-72 graphite fur-
nace was used. Argon was used as purge gas. Optimal conditions for Cd, Co, Cr, Cu,
Ni and Pb determinations by ETAAS are given in Table I.

Table I. Optimal conditions for the Cd, Co, Cr, Cu, Ni and Pb determination by ETAAS

Parameter Cd Co Cr Cu Ni Pb
Wavelength (nm) 2288 240.7 357.9 324.8 232.0 2833
Slit (nm) 0.7 0.2 0.7 0.7 0.7 0.7
Lamp current (mA) 4 30 25 15 25 10
Dry

Temperature (°C) 100 100 100 100 100 100
Time (s) 20 20 20 20 20 20
Ramp time (s) 2 2 2 2 2 2
Char

Temperature (°C) 300 900 1100 900 900 400
Time (s) 25 25 25 25 25 25
Ramp time (s) 1 il L 1 1 1
Atomize

Temperature (°C) 1800 2300 2400 2300 2500 2000
Time (s) 5 5 3 5 7 5
Ramp time (s) 0 0 0 0 0 0
Cleaning

Temperature (°C) 2700 2700 2700 2700 2700 2700
Time (s) 3 3 3 3 8 3
Gas argon argon argon argon argon argon
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Samples

Samples of different species of the genus Thymus were collected in different regions
of Macedonia. Before examining, they were all milled.

Reagents

All reagents and standard substances were of analytical grade. Standard solutions
were prepared with mass concentration of 1 g L™! using commercial solutions of all in-
vestigated elements (Merck, Darmstadt, Germany). Standard solutions with lower con-
centrations were prepared by diluting with redistilled water.

Procedures

Dry procedure. — Milled drug (5 g) was transferred into a porcelain crucible and
heated on a hot plate for three hours, then in muffle furnace at 150 °C for 30 minutes
and finally, at 500 °C for 8 hours. After cooling at room temperature, the obtained min-
eral residue was dissolved in 100 mL of 4% (m/m) solution of HNOs.

Wet procedure. — Milled drug (5 g) was transferred into a small Erlenmeyer flask,
wetted with 30 mL of concentrated HNOj3; and heated in a boiling water-bath for 8 hours,
covered with glass-watch. Then, the heating was continued on hot plate until it almost
dried. The obtained mineral residue was dissolved in 100 mL 4% (m/m) solution of
HNO:;.

RESULTS AND DISCUSSION

During the process of mineral determination, the important phase is the minerali-
zation of organic substance. There are different approaches to the process of minerali-
zation, but dry (2, 6, 7) and wet (8, 9) procedures are generally applied. Since one may
obtain different results when applying one or the other procedure, the examinations
were performed with both procedures. For a complete dry mineralization procedure
about twelve hours were necessary, whereas for the wet procedure it took two days.
Since a homogeneous state of the plant material was needed, an agate mill was used so
as to avoid the contamination. The results defining the trace elements in one of the sam-
ples of genus Thymus (Thymus moesiacus, Popova Sapka, 1994), obtained by using both
the proposed procedures are given in Table II.

For relative standard deviation (RSD, %) satisfactory values were obtained i.e. for
Cu by dry and wet procedure 2.93% and 1.64%, respectively. For Ni, Pb and Co much
better results were obtained by using dry procedure, whereas for Cr and Cd by using
wet procedure (Table II).

The proposed procedures were checked by the standard addition method (see Table III).

The values of recovery ranged from 93.3 to 105.5% for dry procedure (excluding Pb
and Cd for which it ranged from 67.4 to 87.9%), and from 92.7 to 105.7% for wet pro-
cedure. Low values of recovery for Pb and Cd determined by dry procedure were prob-
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Table I1. Content of Cd, Co, Cr, Cu, Ni and Pb in the representatives of Thymus genus by ETAAS,
including dry and wet procedures for mineralization of samples

Dry procedure Wet procedure
Element 5 - —=
Content (ug g ) RSD (%)* Content (ug g) RSD (%)*
Cd 0.082 2.68 0.210 5.89
Co 0.866 4.02 0.846 3.50
Cr 0.653 3.84 0.638 4.62
Cu 3.75 2.93 3.67 1.64
Ni 6.00 4.52 6.12 1.70
Pb 1.16 4.32 1.45 1.43

*RSD - relative standard deviation

ably due to the high burning temperature, needed for the isolation of other elements.
As it can be seen, recovery values varied from one procedure to the other, the same as
from one element to the other. This variation may be ascribed to the differences in in-
terference of the matrix on the examined elements (10). From the results given in Table
III, one may conclude that both described procedures can be used for determining mi-
croelements (except for Pb and Cd) in samples of genus Thymus. Due to the evaporating
features of the elements Pb and Cd, all further examinations of the microelements were
carried out by using the wet mineralization procedure.

The trace elements Cd, Co, Cr, Cu, Ni and Pb were determined in thirty different
samples of various representatives of genus Thymus collected in different areas in the
Republic of Macedonia. The results of this examination are given in Table IV.

From Table IV one may conclude that Cu prevailed over other elements (7.49-29.21
ng g71). The content of Cr was ranging from 2.06 to 22.92 pg g™'. Ni was represented
with the range of 2.19-16.59 pg g}, with one sample being the exception which con-
tained 47.53 pg g™'. The content of Pb was ranging from 0.03 to 4.35 ug g™!, with the
exception of one sample containing 13.83 pg g~!. The two remaining elements (Co and Cd)
were present in very small concentrations. Co was ranging from 0.15 to 1.31 pg g%, with
the exception of one sample which contained 5.19 ug g™!. Cd was present in the range
from 0.08 to 0.39 pg g1, with the exception of one sample containing 1.20 ug g™.

The correlation between the obtained results was not as good as it was expected.
The best correlation was found in the quantity of Co, the presence of which was within
the range of 0.15-1.31 pg g™ (Thymus albanus, collected in Popova Sapka in 1995 con-
tained 5.19 pg g1 of Co). The presence of other elements varied considerably depending
on the species, origin and the season of the collection. The contents of Co, Cr, Cu and
Ni, which are the components physiologically present in the plants, were expected.
There was the accordance with the values obtained from the literature. According to the
results of Sovljanski et al. (2) in the samples of some Thymus species collected around
Ba&ki Petrovac, Vojvodina, the quantity of Cu was found up to 14.5 ug g~!. Simmons et
al. (11) determined Cu in corn (2.18 pg g™1), clover (5.26 pg g™), pea (6.46 pg g™!) and
some other plant material. The presence of Pb and Cd indicates a sort of certain con-
tamination. The concentration of Cd in uncontaminated plants and food product ranges
from 0.01 to 1.0 pg g™ (12). The content of Cd in all the samples we examined was
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Table II1. Results of Cd, Co, Cr, Cu, Ni and Pb determination in the representatives of
Thymus genus by standard addition method (results are given in ug g™)

Element Procedure Added Calculated Determined Rec(%ery
o s 0.08 =
o 01 0.18 0.16 87.9
Tty 0.2 0.28 0.22 78.0
cd 03 0.38 0.28 73.3
& 3 0.12 =
Wet 01 0.22 021 95.5
\ , 0.2 0.32 0.30 93.8
= . 1.20 -
| s 02 1.40 ©1.35 9.4
. % 04 1.60 1.74 105.4
1 0.8 2,00 211 105.5
Co
[ - - 15 -
02 1.39 1.35 96.7
W 0.4 156 155 993
0.8 1.94 1.95 100.5
‘ - = 0.65 -
\ i 0.2 0.85 0.82 97.0
‘ Ty 0.4 1.05 0.98 933
Cr 0.8 1.45 147 1013
‘ = = 0.64 =
l Wet 02 0.84 0.79 94.1
v 0.4 1.04 0.96 927
e & 375 -
D 1 4.75 4.44 93.5
4 2 5.75 5.52 96.0
3 6.75 6.72 9.6
5 = 3.67 -
1 4.67 443 94.9
et 2 5.67 554 97.7
3 6.67 6.70 100.4
3 = 6.00 =
B 1 7.0 7.04 100.6
Y 2 8.0 7.82 97.8
3 9.0 9.40 104.4
- % 62 =
Wet 1 7.12 6.67 93.7
2 8.12 7.82 9.3
- - 115 -
Dry 02 1.35 115 85.2
0.4 1.55 1.20 77.4
1.0 2.15 1.45 67.4
= -~ 152 -
0.2 1.72 1.60 93.0
et 0.4 1.92 2.03 105.7
1.0 252 2.45 97.2
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Table IV. The content of Cd, Co, Cr, Cu, Ni and Mn in representatives of Thymus genus determined by
electrothermal atomic absorption spectrometry in ug gt

Element

No. Sample RSD RSD RSD RSD . RSD RSD
Cd )’ Co R y CE (%)’ Cu %)’ Ni ) Pb (%)’

Thymus tosevii Velen. ssp

tosevii var. tosevii

1 - v. Nikoli¢, 1994 020 006 029 417 397 318 1484 131 219 106 435 433
2 - v. Laki, 1994 0.10 868 029 4.17 221 3.82 1391 528 485 008 128 7.63
3 - v. Vitadevo, 1995 030 599 029 417 793 121 1179 288 855 0.09 083 4.38
4 - v. Tajmiste, 1995 015 0.19 057 092 1608 0.81 11.79 4.33 1004 037 268 284
5 - v. Majdan, 1995 015 346 029 417 206 410 983 282 540 0.22 0.22 250
6 - v. Rajko Zinzifov, 1995 120 048 046 099 801 091 1145 149 1037 022 1383 3.94

Thymus tosevii Velen. ssp.
tosevii var. longifrons Ronn.
7 - KaradZica, 1994 032 808 046 099 860 0.61 1729 312 802 075 0.03 525
Thymus tosevii Velen. ssp.
substriatus (Borb) Matevski

8 - v. Nikoli¢, 1994 0.08 811 046 177 589 039 1099 448 3.09 591 299 5.65
9 - v. Vitatevo, 1994 019 226 017 364 277 063 11.04 371 350 0.13 0.03 6.93
10 - v. Vitaevo, 1995 017 092 029 4.17 793 1.23 1789 103 6.84 0.16 1.05 022

Thymus fosevii Velen. ssp
tosevii var. degenii (H. Br.)

Ronn.
11 - Preslap, 1994 039 124 029 417 551 039 2921 828 563 099 037 630
12 - Lazaropole, 1995 0.21 194 057 092 14.05 052 1122 875 100 053 0.03 6.93
13 - Vrben, 1995 023 180 054 257 749 068 1615 143 60 152 0.16 339
Thymus alsharensis Ronn.
14 - v. Majdan, 1994 022 393 040 356 404 187 1356 923 533 013 233 375
15 - v. Majdan, 1995 013 6.19 020 5.67 499 1.27 1098 368 512 018 091 273
16 - v. Majdan, 1995 015 860 0.15 1.54 413 449 1369 34 652 1.67 029 3.80

Thymus longidens Velen.
var. lanicaulis Ronn.

17 - v. Sonje, 1994 033 152 046 177 6.02 4.01 1347 202 528 100 351 230
18 - v. Banjani, 1994 021 234 069 1.83 1734 0.67 1409 263 1070 539 079 586
19 - v. Banjani, 1995 026 682 069 183 1559 1.00 12.14 5.69 1093 058 193 239

Thymus longidens Velen.
var. dessareticus Ronn.

20 - KaradzZica, 1994 032 154 090 064 1652 058 10.69 531 1002 1.12 0.93 0.69

21 - KaradZica, 1995 018 824 031 352 1889 044 749 576 1172 047 091 273
Thyntus ciliatopubescens

22 - v. Sonje, 1994 042 211 046 099 448 090 1063 456 412 324 107 317

Thymus macedonicus

(Degen et Urumov) Ronn.
23 —wv. Laki (in bloom), 1994 0.10 720 029 417 394 548 944 4.08 333 012 152 527
24 —v. Laki (before bloom), 1994 0.16 264 046 177 4.16 238 1410 6.59 401 109 0.56 5.18
25 —wv. Laki (in bloom), 1995 009 650 029 417 556 0.67 1361 4.99 360 0.17 041 043

Thymus moesiacus Velen.

26 - Popova gapka, 1994 032 724 131 053 1444 064 1319 6.79 12.03 051 1.05 0.77

27 - Bistra, 1994 034 148 046 099 420 320 11.28 146 7.66 053 041 017

28 - Popova Sapka, 1995 010 571 060 106 1293 271 1052 0.88 10.03 1.08 0.64 6.39

29 - - Bistra, 1995 028 456 126 0.84 19.02 0.34 1569 1.84 1659 0.63 0.68 3.82
Thymus albanus H. Braun

30 - Popova Sapka, 1995 033 785 519 071 2292 031 214 594 4753 014 282 143

v. - village; *n =5
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within these limits. The exception makes Thymus tosevii ssp. tosevii collected in the area
Rajko Zinzifov near Veles, 1995, with the Cd concentration of 1.20 ug g™!. This increase
of concentration might originate not only from the air and earth contamination (13), but
as well from the possibility of the plant to accumulate this element (14, 15). At the same
time, the increase of Cd in the plant tissue can be used as a kind of toxicological moni-
toring (16).

One of the samples, Thymus albanus, collected from Popova Sapka, 1995, could be
recognized by many interesting microelements it contains. Actually, the presence of
nearly all the elements is greatly increased if compared to the same ones in other sam-
ples. A considerable increase in concentration was noticed for the elements Cr (22.92
pg g71) and Ni (47.53 pg g™). This data could indicate that the concentration of these
elements is most probably under the influence of geochemical factors (17) or it depended
upon the plant capability to accumulate them (18).

CONCLUSION

Electrothermal atomic absorption spectrometry is a conventional analytical method
for the determination of trace elements in the representatives of genus Thymus L. Min-
eralization of plant materials could be provided by dry or wet procedure. According to
the values obtained for recovery, it can be concluded that both the procedures can be
useful for the determination of Co, Cr, Cu and Ni in the representatives of genus Thymus.

Since the elements Pb and Cd are easily evaporated, for further examinations of mi-
croelements the wet procedure of mineralization is highly recommended.

The content of trace elements Cd, Co, Cr, Cu, Ni and Pb in thirty different samples
of various representatives of genus Thymus collected all over the Republic of Macedonia,
probably depends upon the area they are collected from, then geological, climate and
other factors, as well as the botanical Thymus species they belong to.
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SAZETAK

Odredivanje nekih elemenata u tragovima kod predstavnika roda
Thymus L. (Lamiaceae) elektrotermifkom atomsko-apsorpcijskom spektrometrijom

TATJANA KADIFKOVA PANOVSKA, TRAJCE STAFILOV, STEVAN BAUER, SVETLANA KULEVANOVA i KIRIL DOREVSKI

U ovom su radu prikazani rezultati odredivanja nekolicine elemenata u tragovima
(Cd, Co, Cr, Cu, Ni i Pb) u nekim predstavnicima roda Thymus L. elektrotermi¢kom
atomsko-apsorpcijskom spektrometrijom. PredloZena su dva postupka mineralizacije
(mokra i suha). Ovi su postupci provjereni metodom standardne adicije. Vrijednosti
povrata za ispitivane elemente kretale su se izmedu 92,7 i 105,7% za mokru digestiju i
izmedu 93,3 i 105,5% za suhu digestiju osim za Cd i Pb za koje su se vrijednosti kretale
izmedu 67,4 i 87,9%. Predstavnici roda Thymus prisutni u flori Republike Makedonije
sadrZe slijedece elemente u tragovima: Cu > Cr > Ni > Pb > Co > Cd. Znacajne varijacije
u sadrZaju nekih elemenata vjerojatno su posljedica perioda sakupljanja biljnog materi-
jala, njegovog porijekla kao i razlika izmedu specija ukljuéenih u ispitivanje. SadrZaj ele-
menata u tragovima ovisi o klimatskim, ekoloskim, pedoloskim i drugim faktorima.
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