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

absorption spectrometry 

TATjANA KADIFKOVA PANOVSKA' Determination resul ts of trace elem ents : Cd, Co, Cr, Cu, 
TRAJCE STAFILOV" Ni and Pb in some representatives of genus Thymus L. by
STEVAN BAUER' 
SVETLANA KULEVANOVA' electrothermal atomic absorption spectrometry are pre
KIRlL DOREVS Kl' sented in this paper. Two procedures of mineralization 

(wet and dr y) are suggested . Procedures were checked 
IFaculty of Pharmacy by a method of standard addition. Recover y valu es for 
Vodnjanska 17, 91000 Skopje 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 ran ging from 67.4% to 87.9%). Repre
2rnstitute of Chemistry sentatives of genus Thymus in the flora of the Republic of 
Faculty of Science Macedonia contain following trace elements: Cu > Cr > 
POB 162, 91001 Skopje, Macedonia Ni > Pb > Co > Cd, Considerable vari ations 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 sp ecies included in 
the examination. Trace elements content probably de
pends up on clima tic, ecological, pedological an d other 
factors. 
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Recently, we have rep orted 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 th e most abundant elements in the samples of various taxa of genus Thy
mus. On th e 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 kn own, 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 abd ominal throes or some pulmonary infecti ons (3). Al
th ough the efficiency of thes e plants is probably due to some constituents of essential 
oil or some flavonoids, it is well known that the presence of some micr oelernents 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 origina tes 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 1. by use of electr othermal atomic 
absorption sp ectrometry (ETAAS). 

EXPERIMENTAL 

Apparatus 

A Perkin-Elmer Model 303 atomic absorption spectrometer (Perk in-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 1. 

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

Parameter Cd Co Cr Cu Ni Pb 

Wavelength (nm) 228.8 240.7 357.9 324.8 232.0 . 283.3 
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 (0C) 100 100 100 100 100 100 
Time (5) 20 20 20 20 20 20 
Ramp time (5) 2 2 2 2 2 2 
Char 
Temperature (C) 300 900 1100 900 900 400 
Time (5) 25 25 25 25 25 25 
Ramp time (5) 1 1 1 1 1 1 
Atomize 
Temperature (0C) 1800 2300 2400 2300 2500 2000 
Time (5) 5 5 5 5 7 5 
Ramp time (5) 0 0 0 0 0 0 
Cleaning 
Temperature (0C) 2700 2700 2700 2700 2700 2700 
Time (5) 3 3 3 3 3 3 
Gas argon argon argon argo n argon argon 

296 



T. Kadifkova Pan ovska et al.: Determination of some trace elements in representatives o f genus Thymus L. (Lamincene) by 
elec tro therm al ato mic absorp tion sp ectr ometry, Acla Pharm. 46 (1996) 295-302 . 

Samples 

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

Reagents 

All reagents and standard substances were of analytical grade. Standard solutions 
were prep ared wit h mass concentration of 1 g Vl 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 tr ansferred into a porcelain crucible and 
heated on a hot plate for three hours, then in muffle furn ace at 150 DC for 30 minutes 
and finally, at 500 DC for 8 hours. After cooling at room temperature, the obtained min
eral residue was dis solved in 100 mL of 4% (m /m) solution of HN03. 

Wet procedure. - Milled drug (5 g) was transferred int o a small Erlenmeyer flask, 
wetted with 30 mL of concentrated HN03 and heated in a boiling water-bath for 8 hours, 
covered with glass-wa tch . Then, the heating was continued on hot plate until it almo st 
d ried. The obtained mineral residue was dissolved in 100 mL 4% (m /m) solution of 
HN03· 

RESULTS AND DISCUSSION 

During the process of mineral determination, the important phase is the minerali
zation of organic substance. There are different app roaches to the pr ocess of minerali
za tion, but dry (2, 6, 7) and wet (8, 9) procedures are generally applied . Since one may 
obt ain differen t results when applying on e or the other procedure, the examina tions 
were performed with both procedures. For a complete d ry mineraliz ation procedure 
about twelve hours w ere necessary, whereas for the wet procedure it took two days. 
Since a homogeneous state of the plant material w as needed, an agate mill was used so 
as to avoid the contamination. The results defining the trace eleme nts in one of th e sam
ples of gen us Thymus (Thymlls moesiacus, Pop ova Sap ka, 1994), obtained by using both 
the proposed procedures are given in Table II. 

For relative standa rd devi at ion (RSD, %) satisfactory values were obtained i.e. for 
Cu by dr y and we t procedure 2.93% and 1.64%, respectively. For Ni, Pb and Co much 
better resul ts were obtained by using dry procedure, whereas for Cr and Cd by using 
wet pr ocedure (Table II). 

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

The va lues 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 w et pro
cedure. Low values of recov ery for Pb and Cd determined by d ry pr ocedure w ere prob
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Table IT. Content of Cd, Co, Cr, CU, Ni and Pb in the representativesof Thymus genus by ETAAS, 
including dry and wet procedures for mineralization of samples 

Element 
Dry procedure Wet procedure 

Content (j.lg g-l) RSD (%)* 

Cd 0.210 5.89 
Co 0.846 3.50 
Cr 0.638 4.62 
Cu 3.67 1.64 
Ni 6.12 1.70 
Pb 1.45 1.43 

'RSD - relative standard deviation 

ably due to the high burning temperature, needed for the isolati on of oth er elem ents. 
As it can be seen, recovery values varied from one procedure to the other, the same as 
from one element to the other. This varia tion 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 determ ining mi
croelements (except for Pb and Cd) in samples of genus Thymus. Du e to the evap orating 
features of the elements Pb and Cd, all further examinations of the microelements were 
carried out by using the wet mineralization procedure. 

The trac e elem ents Cd, Co, Cr, Cu, Ni and Pb were determined in thirty different 
samples of va rious representatives of genus Thymu s 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 oth er elemen ts (7.49-2 9.21 
Ilg g-l) . The content of Cr was ranging from 2.06 to 22.92 Ilg g- l. Ni was represented 
with th e range of 2.19-16.59 Ilg g-l, with one sample being the excepti on which con
tained 47.53 Ilg g-l. The cont ent of Pb wa s ran ging from 0.03 to 4.35 Ilg g-l, with the 
exception of one sampl e containing 13.83 Ilg g-l. The two remaining elements (Co and Cd) 
were present in verysmall concentrations. Co was ranging from 0.15 to 1.31 Ilg g-l, w ith 
th e exception of one sample which contained 5.19 Ilg g-l . Cd was present in the range 
from 0.08 to 0.39 Ilg s'. with th e exception of one sample containing 1.20 Ilg g-l. 

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 Ilg s' (Thymu s albanus, collected in Popova Sapka in 1995 con
tained 5.19 1lg g-l of Co). The presence of othe r elements varied considerably depending 
on the sp ecies, origin and the season of the collection. The con tents of Co, Cr, Cu and 
N i, which are the components ph ysiologically presen t in the plants, were expected . 
There wa s the accordance with the values obtained from the literature. According to th e 
results of Sovljanski et al. (2) in the samples of some Thymus species collected aro und 
Backi Petrovac, Vojvodina, the quantity of Cu was found up to 14.5 Ilg g-l . Simmons et 
aI. (11) determined Cu in corn (2.18 Ilg g-l), clover (5.26 Ilg g-l), pea (6.46 Ilg g-l) and 
some othe r plant material. The presence of Pb and Cd indicates a sort of certain con
tamination. The concentration of Cd in un contaminated plants and food product ran ges 
from 0.01 to 1.0 Ilg g-l (12). The content of Cd in all the samples we examined was 
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Table Ill . Results of Cd, Co, Cr, ClI, Ni and Pb determination in the representatives of
 
Thymus genus by standard addition method (results are given in pg g-l)
 

Recovery
Elemen t Pro ced ure Ad ded Calc ula ted Determined 

(%) 

0.08 
0.1 0.18 0.16 87.9 

Dry 
0.2 0.28 0.22 78.0 

Cd 0.3 0.38 0.28 73.3 

0.12 
Wet 0.1 0.22 0.21 95.5 

0.2 0.32 0.30 93.8 

Co 

Cr 

Cu 

Ni 

Pb 

Dry 

Wet 

Dry 

Wet 

Dry 

Wet 

Dry 

Wet 

Dry 

Wet 

0.2 
0.4 
0.8 

0.2 
0.4 
0.8 

0.2 
0.4 
0.8 

0.2 
0.4 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 

0.2 
0.4 
1.0 

0.2 
0.4 
1.0 

1.40 
1.60 
2.00 

1.39 
1.56 
1.94 

0.85 
1.05 
1.45 

0.84 
1.04 

4.75 
5.75 
6.75 

4.67 
5.67 
6.67 

7.0 
8.0 
9.0 

7.12 
8.12 

1.35 
1.55 
2.15 

1.72 
1.92 
2.52 

1.20 
1.35 
1.74 
2.11 

1.15 
1.35 
1.55 
1.95 

0.65 
0.82 
0.98 
1.47 

0.64 
0.79 
0.96 

3.75 
4.44 
5.52 
6.72 

3.67 
4.43 
5.54 
6.70 

6.00 
7.04 
7.82 
9.40 

6.12 
6.67 
7.82 

1.15 
1.15 
1.20 
1.45 

1.52 
1.60 
2.03 
2.45 

96.4 
105.4 
105.5 

96.7 
99.3 

100.5 

97.0 
93.3 
101.3 

94.1 
92.7 

93.5 
96.0 
99.6 

94.9 
97.7 

100.4 

100.6 
97.8 

104.4 

93.7 
96.3 

85.2 
77.4 
67.4 

93.0 
105.7 

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 J.lg g-1 

Eleme n t 
N o. Sample 

Cd 
RSD 
("!oj 

Co 
RSD 
("!oj 

Cr 
RSD 
("!oj 

Cu 
RSD 
("!oj 

N i 
RSD 
("!o) 

Pb 
RSD 
("!oj 

Thymu s /asevii Velen, ssp 
toseoii va r, toseuii 

1 - v. Nikolic, 1994 0.20 0.06 0.29 4.17 3.97 3.18 14.84 1.31 2.19 1.06 4.35 4.33 
2 - v. Laki, 1994 0.10 8.68 0.29 4.17 2.21 3.82 13.91 5.28 4.85 0.08 1.28 7.63 
3 - v. Vltacevo, 1995 0.30 5.99 0.29 4.17 7.93 1.21 11.79 2.88 8.55 0.09 0.83 4.38 
4 - v, Tajmiste, 1995 0.15 0.19 0.57 0.92 16.08 0.81 11.79 4.33 10.04 0.37 2.68 2.84 
5 - v. Majda n, 1995 0.15 3.46 0.29 4.17 2.06 4.10 9.83 2.82 5.40 0.22 0.22 2.50 
6 - v. Rajko Zinzifov, 1995 1.20 0.48 0.46 0.99 8.01 0.91 1l .45 1.49 10.37 0.22 13.83 3 .94 

Thymus tasevii Velen. ssp . 
toseoii va r, longijrons Ronn, 

7 - Karadzic a, 1994 0.32 8.08 0.46 0.99 8.60 0.61 17.29 3.12 8.02 0.75 0.03 5.25 
Thymus toseoii Velen . ssp. 
substriatus (Borb ) Ma tevsk i 

8 - v, Nikolic, 1994 0.08 8.11 0.46 1.77 5.89 0.39 10.99 4.48 3.09 5.91 2.99 5.65 
9 - v. Vitacev o, 1994 0.19 2.26 0.17 3.64 2.77 0.63 11.04 3.71 3.50 0.13 0.03 6.93 

10 - v. Vitacevo, 1995 0.17 0.92 0.29 4.17 7.93 1.23 17.89 1.03 6.84 0.16 1.05 0.22 
Thymus tasevii Velen. ssp 
toseoii v ar, degenii (H. Br.) 
Ronn . 

11 - Preslap , 1994 0.39 1.24 0.29 4.17 5.51 0.39 29.21 8.28 5.63 0.99 0.37 6.30 
12 - Lazarop ole, 1995 0.21 1.94 0.57 0.92 14.05 0.52 11.22 8.75 10.0 0.53 0.03 6.93 
13 - Vrbe n, 1995 0.23 1.80 0.54 2.57 7.49 0.68 16.15 1.43 6.0 1.52 0.16 3.39 

Thymus nlshnrellsis Ronn , 
14 - v. Majdan, 1994 0.22 3.93 0.40 3.56 4.04 1.87 13.56 9.23 5.33 0.13 2.33 3.75 
15 - v. Majda n, 1995 0.13 6.19 0.20 5.67 4.99 1.27 10.98 3.68 5.12 0.18 0.91 2.73 
16 - v. Majdan, 1995 0.15 8.60 0.15 1.54 4.13 4.49 13.69 3.4 6.52 1.67 0.29 3.80 

Thymus longidens Velen, 
v ar, tanicaulis Ronn, 

17 - v. Sonje, 1994 0.33 1.52 0.46 1.77 6.02 4.01 13.47 2.02 5.28 1.00 3.51 2.30 
18 - v. Banjani, 1994 0.21 2.34 0.69 1.83 17.34 0.67 14.09 2.63 10.70 5.39 0.79 5.86 
19 - v. Ban jani, 1995 0.26 6.82 0.69 1.83 15.59 1.00 12.14 5.69 10.93 0.58 1.93 2.39 

Thymus longidens Velen . 
va r. dessareticus Ronn . 

20 - Karadzica, 1994 0.32 1.54 0.90 0.64 16.52 0.58 10.69 5.31 10.02 1.12 0.93 0.69 
21 - Kara d zica , 1995 0.18 8.24 0.31 3.52 18.89 0.44 7.49 5.76 11.72 0.47 0.91 2.73 

Thymus ciliatopubescens 
22 - v. Son ie, 1994 0.42 2.ll 0.46 0.99 4.48 0.90 10.63 4.56 4.12 3.24 1.07 3.17 

Thymus macedonicus 
(Dege n e t Uru rnov) Ronn , 

23 - v. Laki (in bloom ), 1994 0.10 7.20 0.29 4.17 3.94 5.48 9.44 4.08 3.33 0.12 1.52 5.27 
24 - v. Laki (before bloom), 1994 0.16 2.64 0.46 1.77 4.16 2.38 14.10 6.59 4.01 1.09 0.56 5.18 
25 - v. Laki (in bloom), 1995 0.09 6.50 0.29 4.17 5.56 0.67 13.61 4.99 3.60 0.17 0.41 0,43 

Thymus moesiacus Velen . 
26 - Popova Sapka, 1994 0.32 7.24 1.31 0.53 14.44 0.64 13.19 6.79 12.03 0.51 1.05 0.77 
27 - Bistra, 1994 0.34 1.48 0,46 0.99 4.20 3.20 11.28 1.46 7.66 0.53 0.41 0.17 
28 - Po pova :;apka, 1995 0.10 5.71 0.60 1.06 12.93 2.71 10.52 0.88 10.03 1.08 0.64 6.39 
29 . - Bistra, 1995 0.28 4.56 1.26 0.84 19.D2 0.34 15.69 1.84 16.59 0.63 0.68 3.82 

Thym us albnllus H . Bra un 
30 - Popova :;apka, 1995 0.33 7.85 5.19 0.71 22.92 0.31 21.4 5.94 47.53 0.14 2.82 1.43 

v.  vill age; • 1/ = 5 
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wi thin 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 Ilg g-1. This increase 
of concentration m ight origina te not only from the air and earth contamina tion (B), but 
as well from the possibility of the plant to accumulate th is element (14, 15). At the same 
time, the increase of Cd in the plant tissue can be used as a kin d of toxicological moni
tori ng (16). 

One of the samples, Thymus albanus, collected from Popova Sapka, 1995, could be 
recognized by many interesting microelement s it contains. Actually, the presence of 
nearly all the elements is greatly increased if com pared to the same ones in other sam
pl es. A considerab le increase in concentration was noticed for th e elements Cr (22.92 
Ilg g-1) and Ni (47.53 Ilg g-1). This data could indicate that the concentra tion of these 
elements is most probably under the influence of geochemical factors (17) or it depended 
upon the plant capa bility to accum ulate th em (18). 

CONCLUSION 

Electrothe rma l atomic absorption spectrometry is a conventional analytical method 
for th e determinati on of trace elements in the representatives of genus Thymus L. Min
era lization of plant materials could be provided by dry or we t p rocedure. Accord ing to 
the values obtained for recovery, it can be concluded that bo th the procedures can be 
useful for the de termination of Co, Cr, Cu and Ni in the representatives of gen us Thymus. 

Since the elements Pb and Cd are easi ly eva porated, for furthe r examinations of mi
croelements the we t procedure of mineraliza tion is highly recommended . 

The conten t of trace elements Cd, Co, Cr, Cu, Ni and Pb in th irt y d ifferent samples 
of various representatives of gen us Thymus collected all over the Republic of Macedonia, 
probably dep ends upon the area they are collected from, then geo logical, clima te and 
other factors, as well as the botanical Thym us species they belong to. 
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S A ZET A K 

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

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

U ovo m su ra du prikazani rezultati odredivanja nekolicin e elemenata u tragovim a 
(Cd, Co, Cr, Cu. Ni i Pb) u nekim pred sta vnicima roda Thymu s L. elektroterrnickorn 
ato msko-apsorpcijskom sp ektrometrijom. Predl ozena su dva postup ka mineralizacije 
(mokra i suh a) . Ovi su postupci provjereni metodom stan dardne ad icije. Vrijednosti 
povrata za ispitivane elemente kretale su se izm edu 92,7 i 105,7% za mokru digestiju i 
izm edu 93,3 i 105,5% za suhu digest iju osim za Cd i Pb za koje su se vrijednosti kretale 
izm edu 67,4 i 87,9%. Predstavni ci roda Thymu s prisutni u flori Republike Maked on ije 
sadrze slijed ece elemente u tragovima: Cu > Cr > Ni > Pb > Co > Cd . Znacajne varijacije 
u sadrzaju nekih elemena ta vjerojatno su poslj edica perioda sakupljanja biljnog ma teri
jala, njegovog porijekla kao i razlika izmed u specija uklju cenih u isp itivanje . Sadrzaj ele
menata u tragovim a ovi si 0 klima tskim, ekoloskim, pedoloskim i drugim faktori ma . 
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