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A bstract The presence of the macro-elements and elements in traces in the bean seed is determined by
ICP-AES (atomic emission spectrometric with inductive plasma). The various bean seeds are taken out of five differ-
ent types from some regions in the Republic of Macedonia. The results obtained refer to the analyses of 19 elements
of the group of macro and micro-elements. There is a wide concentrated range in the samples from 30286,8 mg/kg for
K in the test 9 to 0,15 mg/kg for Co in the test 8. More attention is devoted to the presence of Ca, Fe and Zn in the
bean seed because it is a valuable source of these macro-elements and elements in traces which are important nutri-
tive items for more that 2 bilion people in the world. Therefore, the biological importance of these elements in traces

is perceived as well (their transfer and accumulation from the soil into the plants)

Key words: bean seed; geochemical analysis

INTRODUCTION

For more than 300 million people worldwide,
beans are cheap food in the daily diet. Ordinary
beans (Phaseous Vulgaris) in general are a source
of Fe, Zn, Ca and other nutrients that the humans
imbibe (Awadallah et al. 1986). The beans imbibi-
bition is widespread in Central and South America,
East Africa (Sherif et al. 1979) and most countries
in Europe and Asia. Beans are a very important
product in the nutrition in the Republic of Mace-
donia. Efforts to improve its nutritional content in
terms of protein and minerals, especially Fe, Ca
and Zn will be useful in the diet of many people.
The analyses of various bio-components of the
beans are more focused on the concentration of Fe,
Ca and Zn. Much of the research on trace elements
show that the average Fe concentration is about 55
mg/kg, but researchers have noted changes in the
concentrations of Fe to 100 mg/kg and more.

The average concentration of Zn ranges from
20-60 mg/kg. Also the environment and the geno-
type influence the concentration of trace elements
in the seeds of beans (Shaclette, 1972). Trace ele-
ments are extremely important for plant develop-

ment and normal functioning of basic functions.
Some trace elements (Fe, Zn, Ca, Mg, P, K and
Cu) (Shaclette, 1980) are assumed as necessary for
the development of plants in the capacity of food
components in the past. In recent times various
sensitive analytical methods (ICP-AES) have a
different approach towards the determination of
trace elements and therefore the significance of
many of them is determined with greater confi-
dence and greater success. If the result is well
known that the wealth of trace elements signifi-
cantly depends on the individual genotypes of
beans, their generations, and the conditions for de-
velopment in the environment.

The Enrichment Factor (EF) of 15 elements in
the seeds of beans is estimated from the concentra-
tion of that element of the sample compared with
the concentration of the same element in the soil of
the region. The enrichment factor is calculated
based on the known ability of transmission and
accumulation of elements in the soil and into plant
based on the biological activity of plants.
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MATERIALS AND METHODS

The methodology applied to the analyses of
the plant samples basically includes:

Samples of plants;

e Preparation of the samples;
Identification of the presence of macro-
elements and trace elements in the plants
through the method ICP-AES;

e Interpretation of the obtained results.

Samples of plant origin

Taking the samples can be individual, if taken
from one place of the lot or average, if more indi-
vidual samples (10-25) from different places are
taken. Basically it is much better to take an average
of samples as in our case because the results are
obtained with greater accuracy and provide a
greater overview of the overall geochemical inter-
pretation. While testing the material, whether trees,
leaves, buds, roots, or, as in our case, the fruits of
beans, special methodology is used, and also a spe-
cial preparation of samples for analytical provision
is made. Immediately before the analysis we inden-
tified the type and variety of plants that are ana-
lyzed. The average is ten samples of beans from
several places in the Republic of Macedonia: the
willages Karbinci, Tri Ce$mi, Argulica (Stip),
Ziganci (Kocani), Ratavica (Probistip), the Osojni-
ca river (Vinica), Trabotiviste (Delcevo); Tetovo;
Capari (Resen) and Kavadarci (Bohula village).
(Table 1).

Table 1

Location of the beans samples collected
in the R. Macedonia

Test Variety Location
1. Tetovec Karbinci (Stip)

2. Black-white ~ Ratavica (Probistip)
3. Plitkar Tri Ce$mi (Stip)

4. Bounty Osojnica ( Vinica)
5. Plitkar Ziganci (Ko&ani)

6. Tetovec Tetovo

7. Plitkar Argulica (Stip)

8. Plitkar Trabotiviste (Delcevo)
9. Tetovec Capari (Resen)

10. Kavadarci Bohula

Preparation of the samples

For obtaining more accurate results, the
preparation of the samples was made with utmost
precision and care. The samples for the analysis
with ICP-AES method were prepared in three
phases as follows:

» We dried the plant specimens in a special
dryer.

»In porcelain dish and with grinding machine
we pressed the samples in order to obtain a
representative sample for laboratory analysis.

» We dissolved the samples in order to be able
consequently to determine the elements of the
ICP-AES instrument.

Drying the plant specimens

Fresh fruits of vegetables (beans) contain
some moisture absorbed from the soil. Therefore,
in order to eliminate moisture from the bean sam-
ples in the lab we dry them 48 hours in a special
dryer at a temperature of 40 °C.

Milling and sowing

Once samples were dry, in the porcelain di-
shes and with a finely grinding machine we milled
them until we got a dust form of samples. (The
porcelain dishes are better for pressing the samples
because thus the possible contaminations with the
mills are avoided.) As a rule, samples need to be
ground to sizes of particles of 150 um and neces-
sarily riddled through a sieve, size of openings
smaller than 150 pm. In this way we received a
laboratory sub-sample. For further analysis por-
tions of the laboratory sub-sample are taken.

Dissolving

To determine the elements in the tested plant
samples that are of interest for us, we dissolved
them in a mixture of hydrogen peroxide and nitric
acid. For this purpose of the analytical balance we
needed to measure 5.0000 g of the lab sub-sample
in a cup. Then, we wet the sample gradually with
5 ml HNO;, and then slowly stir not to press an-
other 5 ml H,O,. We covered the glass with watch
glass and left it at room temperature until the reac-
tion ceased to be turbulent, then heat edit until

Geologica Macedonica, 25, (1), 53-59 (2011)
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moisture salted. This procedure was repeated
twice. After the third addition we added another 5
ml HNO; and finally by filtration through the filter
paper with a white ribbon resulting solution is
gathered in a measure flask of 100 ml. This result-
ing solution is used for the provision of physical
elements that were of interest to us.

ICP-AAS methodology provision

These are the elements that can be analyzed
and identified with the ICP-AES (Si, Al, Fe. Ca,
Mg, Na, K, Ti, Mn), and most of the most common
trace elements such as Be, Co, Cu, Mn, Ni, Pb, V,
Zn. But certainly there are limited storage in terms
of elements that can not be determined with satis-
fying certainty such a halogen elements, and inert
gases, O, N, and C. Instruments of the emission
analysis of elements with plasma atom often work

at wavelengths of 180-900 nm, because with them
non-metals such as S, P, N, C cannot be identified
(their most intensive atomic lines lying on the
lower wavelengths 180 nm). It is also hard to
measure some trace elements that occur in very
low concentrations (less than 1 pg/g) in geological
samples. ICP-AES technique is not suitable for the
provision of heavy alkal metals (Rb and Cs) con-
tent in traces, and the analysis of U, Th, W, Ta is
usually below the level of detection for ICP-AES.
For good analytical capabilities of ICP-AES, an
explanation can be found only in the physical
properties (temperature, chemical inertness and
low emission electromagnetic radiation) of induc-
tive ion plasma obtained by the tangentially intro-
duced argon, which results in the widespread use
of the same atomic spectrometry and the specific
design of commercial instruments for ICP-AES.

INTERPRETATION OF THE OBTAINED RESULTS

Macro-elements and trace elements in samp-
les of beans were determined using ICP-AES after
the acid digestion. Analytical results for total con-

centration of 19 elements in samples of beans are
given in Table 2, where concentrations of each
item are determined by the dry weight of the base.

Table 2
Contents in mg/kg of tested elements in beans
1 2 3 4 5 6 7 8 9 10

As <331 <3,31 <331 <3,31 <331 <3,31 <331 <331 <331 <331
Ag  <0,18 <0,18 <0,18 <0,18 <0,18 <0,18 <0,18 <0,18 <0,18 <0,18
Al 1,45 2,38 8,27 7,72 1,38 0,82 0,32 2,33 0,36 1,7
Sr 4,6 5,35 13,59 2,34 4,91 5,23 10,45 4,44 10,37 11,14
Ca  1600,99 1253 2636,85 1126,93 1399,83 2048,89 2367,84 222384  2918,85 2411,39
Ba 1,56 0,87 2,51 1,81 0,84 4,76 2.3 2,67 12,02 1,7
Ni 0,72 0,17 2,49 2,92 0,38 0,8 9,16 1,17 4,73 1,83
Mn 15 12,25 18,51 14,96 14,47 19,51 19,44 17,58 33,77 17,48
Fe 62,08 77,7 61,81 96,62 40,91 62,86 44,15 74,05 153,75 69,07
Cr 0,3 0,18 0,34 0,31 0,02 0,11 0,73 0,31 0,28 0,3
Mg 1472,39 1507,7 1557,7 1845,49 1172,51 1749,5 1789,73 1631,94 1856,07 1686,89
Na 27,07 25,39 32,5 25,44 19,92 54,82 50,81 22,26 29,25 68,18
P 4227,04 5730,37 3228,94 5522,39 3702,63 5537,56 4155,8 4470,96 5469,37 5029,23
Zn 44,66 39,98 38,52 39,69 35,51 41,44 69,97 33,95 54,66 51,79
Cu 12,55 12,46 10,91 8,76 4,93 7,59 11,91 9,98 9,79 12,22
Pb <051 <0,51 <0,51 <0,51 0,69 <0,51 <0,51 <0,51 <0,51 <0,51
cd <0,18 <0,18 <0,18 <0,18 <0,18 <0,18 <0,18 <0,18 <0,18 <0,18
Co <0,11 0,19 0,2 0,26 <0,11 <0,11 0,73 0,15 0,21 <0,11
K 24229,2 28441,6 251604 29699,7 18060,2 29043,7 25666,5 25972,5 30286,8 29861,7

Geologica Macedonica, 25 (1), 53-59 (2011)
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Allowable levels of representation of nutri-
tional minerals in traces in the seeds of beans are
given in Table 3; these values can be used for
proper comparison with results obtained for these
10 samples of beans and evaluation of their qual-

ity.

Table 3

Allowed nutritive concentration domains
in elements of the beans
(J. B. Jones, Jr., B. Wolf, and H. A. Mils, 1991)

Elements Contents
P (%) 0.25-0.75
K (%) 2.2-4.0
Ca (%) 1.5-3.0
Mg (%) 0.25-0.70
Fe (ppm) 50-300
Cu (ppm) 7-30
Zn (ppm) 20-60
Mn (ppm) 50-300

The concentration of various essential miner-
als in beans, in this research can be outlined as fol-
lows: K> P> Ca> Mg > Fe >Zn> Mn > Cu.

This is similar to the one determined by J. B.
Jones, Jr., et al. (1991), only with the difference in
the arrangement of Ca-P, Mn-Zn where Ca > P,
Mn > Zn applies. It is known that the concentration
of metals in the seeds of beans can be changed in
accordance with the geographical origin of the
beans and the factors associated with the treatment
and the relationship of man to plants. In this study,
seeds of beans are of similar cultivars, samples
were taken in a relatively short period from differ-
ent regions. Therefore, the statistical characteristics
of important mineral content between different
samples of beans may be prescribed to different
geographic origins. Compared to the average min-
eral composition of seeds of beans, presented in
Table 3, the beans from Macedonia have similar
contents of K, P, Fe, Cu and Zn, a significantly
reduced content of Mg, Ca, and a slightly reduced
content of Mn (Morghan et al., 2002). Heavy and
toxic metals such as Cr, Ni, Sr, Co are often asso-
ciated with high pollution, because the variations
of their levels in the seeds of beans from various
regions are due to the location of the bean fields
and their proximity or distance from roads. We can
conclude that the level of heavy and toxic metals in
the seeds of the bean varies. Macedonia has excel-

lent conditions for the production of quality fresh
food (vegetables and fruit) which has sufficient
quality in view of nutritional elements and has a
satisfactory low level of toxic elements at any
time. Fresh food should be stored in warehouses in
cold, dark places until its consumption. Due to the
monitoring of the quality of fresh food and moni-
toring of the presence of mineral nutrients and
harmful, hazardous and toxic heavy metals that are
contained in it, in many countries around the world
analyze these components during the 1, 3, 6, 9 and
12 month in one production year.

Genetic variability in the content
of the macro-elements and trace elements

The first important issue because of which
beans can be enriched with the content of the
macro-elements and trace elements (Ca, Fe, Zn,
etc.) is to determine the degree of association be-
tween genetic variability in the type and content of
these same macro-elements and trace elements
(Anderson et al., 1973). For this purpose, the con-
tent of the macro-elements and trace elements in
the samples of beans is identified through ICP-
AES technique. The representative samples show
some variability in the contents of some macro-
elements and trace elements in the different geno-
types. The analysis of 10 samples of beans, where
eight samples are of white grains, showed that the
concentration of Zn ranged from 33.95-69.97 ppm
with an average value of 46.3125 ppm, while the
remaining samples of motley (pegav) bean the con-
centration of Zn was in the range from 39.69—
39.93 ppm with an average of 39.81 ppm. A clear
connection of the content of macro-elements and
trace elements and the geographical origin was not
been established, although plants that originate
from several regions of the Republic of Macedonia
(Kocani — vill. Ziganci, and vill. Argulica — Stip)
show low concentrations of Fe content in compari-
son with the ones taken from some other regions.
Also the analysis of samples of white beans, the
concentration of Ca is in the range of 1339.83—
2918.85 ppm with an average of 2201.06 ppm,
unlike the samples of multicolored beans where the
concentration of Ca ranges from 1126.93-1253
ppm with an average of 1189.965 ppm. Therefore
we conclude that as in most developing countries
thus also in the R. Macedonia there is a reduced
content of Ca in the seed of beans, particularly in
the genotypes of the darker color of grains. The
important issue for increasing the content of
macro-elements and trace elements and the extent

Geologica Macedonica, 25, (1), 53-59 (2011)
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of achieved this depends on how stable compo-
nents are under certain conditions and processes in
the environment (Beebe et al., 1999). In some
cases the content of macro-elements and trace ele-
ments in the seeds of beans can be changed as a
result of the effect of different types of soils and
geochemical characteristics of the soil. In some
experimental trials it was found that the lack of
important macro-elements and trace elements in
samples of beans is the result of the continuing
process of impoverishment of the soil with the
same components and the relationship of man to
the overall environment. In these calculations, we
noticed that a positive coefficient of correlation
exists between several important macro-elements
and trace elements. Between Fe and Zn the ob-
tained coefficient of correlation is 0.09 between
different genotypes, although in many other sur-
veys of beans in the area of the Andes and North
America the correlation coefficient is greater than
0,5 (Research on Trace Minerals in Common
Bean). The values of the correlation coefficients of
macro-elements in our samples of beans are pre-
sented in Table 4.

Table 4

Factor of correlation between the elements
in the seeds of beans

Mn Zn Ca Mg K P

Fe 0.73 0.09 0.30 0.56 0.63 0.58

Mn 044 077 054 038  0.18
Zn 046 051 027 0.6
Ca 042 026 021
Mg 085  0.54
K 0.78

The correlation coefficient () between the in-
dividual elements: Mn-Fe (» = 0.73), K-Fe (r =
0.63), Ca-Mn (r = 0.77), K-Mg (» = 0.85), PK (» =
0.78) is largely presented with high walues. The
implication of these correlations are certain genetic
factors, macro-elements and various trace elements
and they are undivided, with increasing content of
an element (e.g.: Fe) would result in an increase of
content of another element (e.g.: Mn). These high
values of correlation coefficient suggest that the
physical and chemical factors of the element asso-
ciations observed in bean seed may be essential for
the distribution of elements in soil and plant (the
root, stem, leaf and fruit). Some low values of the
coefficient of correlation are determined only be-

Geologica Macedonica, 25 (1), 53-59 (2011)

tween: Zn-Fe (» = 0.09), P-Mn (» = 0.18), P-Zn (r
=0.06).

Evaluation of the enrichment factor
for the analyzed elements in the beans samples

Generally, the plants most inorganic elements
are derived from the soil and the elements are ab-
sorbed, transferred and accumulated in plants (root,
stem, leaf, flower and fruit). Therefore, the concen-
tration of elements in the seeds of beans affects the
absorbtion and accumulative process. The com-
parison between the enrichment of elements in
samples and soil is the basis for the introduction of
the enrichment factor (EF — Enrichment factor)
defined with the units frequently used index for
geochemical analyses:

— [M]specimen /[Al]specimen
[M ], /[Al]

soil soil

where [M] sample and [A4/] are the concentrations
of sample analytical element and aluminium in the
sample and [M] soil and [A/] soil concentrations of
the analytical element and aluminium in the soil.
The calculations of the enrichmentt factor (EF),
and the concentrations of the analyzed elements
are given in Table 2 and used the mean of the ele-
ments in ordinary soil (or earth's crust), where the
concentration of Al in the sample and the soil (or
bark) are used in normal analytical concentrations
in them, because Al is one of many inactive ele-
ments of the geochemistry. According to the defi-
nition of EF, one can conclude that elements with
EF > 1 are more accumulated in seeds of beans
compared to the elements included in average soil
(Fig. 1, a, b, ¢). These results suggest that impor-
tant elements are absorbed from the soil and sig-
nificantly accumulated in seeds of beans. On the
other hand, the values of EF for Fe, Na and Cr are
determined as the lowest compared with the values
of EF for all other elements they suggest that Fe,
Na and Cr are accumulated in beans. It should also
be the case for the unimportant elements that are
present here, such as Sr, Ba, Ni, and Cr, but the
obtained values for EF are larger than one in every
ten samples, which indicates active transmission of
these elements in beans. This may depend primar-
ily on the specific nature of the bean, although this
feature cannot be explained here. Ten different
samples of beans that are grown in different soils
in different areas are analyzed in the presented
analyses because it is difficult to discuss some ba-
sic characteristics of these elements to their pri-
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marily absorbing, accumulative and biological
function. However, the enrichment factor can be
used as one of the factors for determining the val-
ues of the kinetic behaviors of elements of interest

to us, between plants and soil. Because of all this,
the presented methods and the growing develop-
ment in identical and different soils depend on the
multi elementary basis.
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Fig. 1 (a,b,¢). Graphic picture of the enrichment factor
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CONCLUSION

Ten different samples of beans were analyzed
by analytical method for multi element determina-
tion of the macro-elements and trace elements and
also the results are precise and accurate in the di-
gesting and analytical procedures for plant sam-
ples. The analytical results for the 19 items speci-
fied in the survey are presented in accordance with
the values presented in previous research in this
field worldwide. Because of all that, the presented
analytical method is suitable for the provision of
representation of the macro-elements and trace
elements in samples of beans using ICP-AES. The
content of important minerals (K, P, Mg, Ca, Na,

Fe, Mn, Zn, Cu) in the beans in Macedonia is satis-
factory in comparison with results from other
countries, excluding the contents of Ca. The level
of heavy and toxic metals (Co, Cr, Ni, Ba, Sr) in
the seeds of beans in all the samples was satisfac-
tory. The enrichment factor for the various analyti-
cal elements in the bean seed is determined in this
study. It is concluded that all essential elements for
plant growth, except Fe, were accumulated in suf-
ficient copies of all beans. Therefore, the enrich-
ment factor gives some important properties of the
schedule for the kinetical behavior of elements in
samples of beans absorbed by the soil.
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Pesume

TFEOXEMHUCKH UCTPAXKYBAIBA HA CEME O I'PAB O/l OAPEJEHU PETHOHH
BO PEIIYBJIMKA MAKEJJOHUJA

Coma JlenutkoBa, biaxo boes, Banue JlumeBcku, UBan boes, Xyceun EMunoB, Jlazap I'eoprues

Daxyaidein 3a UpUpogHU U iexHuyKu Hayku, Ynusepsuiteiu ,, I oye [eaues* [Llinuii,
Toye Jleaues 89, MK—2000, LLiuuii, Peiiybauxa Maxegonuja
blazo.boev@ugd.edu.mk

K.]'Iy'-ll-[l/[ 360p0B](I: CEMEC O I'paB; reOXEMHCKa aHa/I1M3a

IIpucycTBOTO Ha MaKpO-€JICMEHTUTE U EIEMEHTUTE BO
Tparu Bo cemerooq rpas e oxpeneHo co ICP-AES (aromcka
E€MHCHOHA CIIEKTPOMETPHja CO MHAYKTHBHA IUIa3Ma). 3eMEHHU
O]l TIeT Pa3HU BHJOBH CEMHUEA IPaB 0] HEKJIKY PErnoHH Bo Pe-
nybnrka Makenonuja. JJoOueHuTe pesyiraTu ce oJHecyBaat
Ha aHanu3uTe Ha 19 eneMeHTH o rpymnaTa Ha Makpo- U MHK-
po-enemenTn. IlocToM mMPOK OICer HAa KOHIEHTPALMH BO
npumeponure, ox 30286,8 mg/kg 3a K Bo tecror 9 mo 0,15
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mg/kg 3a Co Bo tecror 8. IloroizemMo BHUMaHKE € ITOCBETEHO
Ha npucycTBoTo Ha Ca, Fe u Zn Bo cemero of rpas, Ounejku
IPaBOT € 3HAauaeH M3BOP Ha OBHE MAaKpO-CJIEMEHTH ¥ €JIEeMEH-
TH BO TpParM Kako BaXXHH HYTPHLHOHHCTHYKH COCTOJKUM BO
HCXpaHaTa Ha MOBeKe Of 2 MUIHMjapau Jiyfe BO CBETOT. 3aTroa
ce 3eMEHM NPEeIBUJl HUBHOTO OHMOJOLIKOTO 3HA4€HE, KAKO U
TpaHc(hepoT 1 akyMyJIaIjaTa of IOYBUTE BO PaCTECHHjaTa.





