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Abstract — It is known that the content of trace and major
elements in plants is dependent on several factors, such as type of
species, soil properties, climate conditions, agricultural and
agrichemical factors, pollution. The aim of the study was to
quantify element content of root vegetables grown in farmlands
and allotment gardens in Latvia. Samples of onion bulbs and
carrot roots were analyzed by atomic absorption spectrometry
and inductively coupled plasma mass spectrometry. Quantitative
amounts of 17 trace elements (Ag, As, Ba, Cd, Ce, Co, Cr, Cu, La,
Mn, Ni, Pb, Rb, Se, Sr, V, Zn) and 5 major elements (Ca, Fe, K,
Mg, Na) were determined. It was detected that carrot roots
contained higher amounts of several elements than onion bulbs.
Differences in element content of vegetables were also detected
between the subgroups of samples grown in farmlands versus
samples grown in allotment gardens. Data revealed that onions
grown in farmlands were more affected by contaminants.

Keywords — Environmental impacts, food analysis, major and
trace elements, root vegetables, spectrometry

I. INTRODUCTION

Analysis of the chemical composition of food is a
complicated process which, as a research method, is used
mainly within the scope of food chemistry. It is known that the
content of trace and major elements in plants is affected by
various factors, such as a type of plant species, soil properties,
weather conditions, a way of agricultural practice, use of
fertilizers and pesticides, as well as a plant development
stage [1]. Therefore, investigation of food plants — chemical
composition of plants versus their growing conditions — may
be an issue of interest within the context of other sciences,
particularly with regard to environmental science. In relation
to environmental research, food analysis can be a useful tool
for the potential environmental impact assessment. For
example, there have been extensive studies conducted on
industrial pollution that can be spread widely around the
pollution source via air, water or soil. The impact of
anthropogenic activities can result in an increased risk of
allotment garden contamination, mainly by potentially toxic
metals, such as lead, cadmium, copper, and by organic
chemicals. The pollutants can easily enter the food chain, and
animals or humans can be exposed to potential impacts of
contamination, e.g. by consumption of vegetables and fruits
that are home-grown in allotment gardens close to roadsides or
in urban areas [2-4].

From about fifty elements that can be quantitatively
detected in biological systems, the role and physiological
activity has been discovered only for 23 elements. Essential

components of organic substances are carbon, hydrogen,
oxygen, nitrogen and sulphur. Other elements can be split in
two subdivisions of trace elements or micronutrients (Cr, Co,
Cu, F, I, Mn, Mo, Se, V, Zn) and major elements or
macronutrients (Ca, Cl, Fe, K, Mg, Na, P) [5, 6]. The human
body is supplied by nutrient elements mainly via food and
drinking water, as well as by consuming natural or artificial
food supplements, while vegetables and fruits are a natural
source of essential elements. It is important to estimate not
only the contribution of vitally essential elements from
vegetable consumption, but also possible presence of a
potentially harmful trace element (e.g. As, Ni, Sr, Pb) and
contamination sources in food should be assessed.

The aim of the study was to analyze root vegetables, onions
Allium cepa and carrots Daucus carota, grown in farmlands
and allotment gardens of Latvia. It was hypothesized that
quantitative detection of trace and major elements in edible
parts of vegetables can give useful information not only for
the description of regional peculiarities of elemental
composition of vegetables but also can be used as a tool for
assessment of environmental impact on locally grown plants,
as well as compared with data from other countries.

Il. MATERIALS AND METHODS

A. Sample collecting and preparation

Fresh samples of root vegetables, carrot roots and onion
bulbs were collected over the territory of Latvia in the 2010
harvesting season. All of the samples were confirmed as
locally grown products and were obtained at markets or
directly from farmers and individual households, as well as it
was clarified whereas the vegetables were grown in farmlands
or allotment gardens. Sampling was carried out by selecting 5
pieces of vegetables within every single sample.

Only the edible parts of vegetables were prepared for the
analyses. Carrot roots and onion bulbs were cleaned, washed,
peeled and crushed. Crushed samples were dried in drying
oven “Gallenkamp Plus IT Oven” at the temperature of 80 °C
for 20 hours and at the temperature of 105 °C for extra 5-6
hours. The amount of dry matter was also calculated. After the
drying, every sample was triturated until the consistence of
powder. Until the analyses, the samples were stored in closed
disposable plastic bags in a dry and dark place.

For trace element analysis, it is very important to avoid any
contact of samples with any contaminants, particularly metals.
Therefore, cutting, peeling and crushing of samples was done
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by using a ceramic knife and a ceramic mill made by
“Kyocera”, and sample solutions were kept in polypropylene
tubes. Heating was performed in chemically persistent glass
beakers.

The mineralization process, or sample pretreatment, is an
important step for sample preparation before analytical
determination can be performed. The process should be
applied not only for cleavage of organic matrix of biological
samples, but it also helps to prevent analytical techniques from
unwanted residues that can settle on the burner head and in the
spray chamber, and can affect spectral interferences that can
result in inaccuracy of measurements [e.g.7]. Sample
pretreatment can be conducted by several methods, e.g. dry
ashing, wet ashing, wet digestion that may be forced by heat,
microwave or ultrasound influence [8]. The selected method,
wet digestion of organic matter, is widely applied for samples
of a biological origin [e.g. 1, 7]. The sample pretreatment
procedure was implemented as follows: a) 0.5000 £ 0.0020 g
of dry sample was weighted on analytical balances; b) 10 ml
of analytically pure concentrated HNO3 and 5 ml of ultra pure
concentrated H,O, was added; c) after hold overnight, the
sample  solutions were digested by heating at
temperature 160 °C; d) after the digestion, sample solutions
were filled up to 50 ml with ultra pure deionised water.

For the accuracy of the data, every sample was prepared in
triplicate, and the mean values were used for statistical
analysis which was performed using MS Excel data analysis
tools.

B. Applied analytical methods

There are several kinds of analytical methodologies that can
be used for trace and major element detection in biological
samples. Applied analytical methods have to meet several
criteria, such as trustable precision and accuracy, certain
simplicity and moderate consumption of time and resources.
Therefore, some analytical methods have been used more
frequently, for example, atomic absorption spectrometry
(AAS) methods, such as atomic absorption spectrometry on
graphite furnace [4] or flame atomic absorption spectrometry
[7, 9], that can be useful also for the analysis of vegetables and
also fruits. Inductively coupled plasma mass spectrometry
(ICP-MS) or inductively coupled plasma atomic emission
spectroscopy (ICP-AES) are more sensitive techniques and
can be used for trace and ultra trace analysis of element
content [1, 4, 10]. Total reflection X-ray spectroscopy (TRXS)
can also be applied [8].

In total, 30 samples of onion bulbs and 30 samples of carrot
roots have been analyzed in this study. Major elements (Ca,
Fe, K, Mg, Na) and some trace elements (Cu, Mn, Zn) were
quantitatively analyzed by AAS apparatus “Perkin Elmer
AAnalyst 200”, but other trace elements (Ag, As, Ba, Cd, Ce,
Co, Cr, La, Ni, Pb, RDb, Se, Sr, V) were detected by ICP-MS
techniques.

The precision of the applied analytical method was verified
by a comparative analysis of certified reference samples CS-
CR-2 Carrot Root Powder and NCS ZC73017 (GSB-10)-
Apple. The analysis of the carrot root reference sample helped
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to determine the accuracy of analytical methods for just five
trace elements, while the apple reference sample enclosed a
wider range of certified values of trace and major elements;
the results obtained for some elements are summarized in

Table I.

TABLE |

ACCURACY AND PRECISION OF APPLIED ANALYTICAL METHODS FOR SOME
ELEMENTS; CERTIFIED AND MEASURED VALUES, MG/KG DRY MATTER

Performance | Performance of
Ele- Certified value (95% of AAS: ICP-MS:
ment confidence interval) L
mean * standard deviation
Ba 25(22-28) n.a.* 2.42 +0.08
Ca 490 (480 - 500) 497 + 22 n.a.
Cd 0.0058 (0.0046 —0.0070) | 0.008 +0.004 | 0.0051 +0.0002
Cu 25(23-27) 2.36 £0.13 2.33+0.04
Mn 2.7(25-29) 2.70+0.54 2.65+0.04
Pb 0.084 (0.052 - 0.116) <0.1 0.077 £ 0.007
Rb 5.0 (4.4—5.6) n.a. 5.28 +0.09
zZn 2.1(1.7-25) 2.58+0.34 1.63+£0.17

*n.a. — not analyzed

I11. RESULTS AND DISCUSSION

A. Content of trace elements in root vegetables

Current research of onion bulbs and carrot roots revealed
that the dissemination of trace elements in both kinds of
samples is quite comparable with some exceptions. In general,
it was possible to quantify 17 trace elements (Ag, As, Ba, Cd,
Ce, Co, Cr, Cu, La, Mn, Ni, Pb, Rb, Se, Sr, V, Zn).
Hereinafter, the content of elements is expressed as units of
dry matter (DM). The determined mean moisture content for
onion samples was 88 % and 90 % for carrot samples. Trace
elements detected in the highest concentrations — above
1 mg/kg of DM — were barium, copper, manganese, rubidium,
strontium and zinc (see Table I1).

TABLE Il

CONTENT OF TRACE ELEMENTS THAT EXCEEDED 1 MG/KG DRY MASS IN ONION
BULBS AND CARROT ROOTS, MG/KG DRY MATTER

Content by species: min — max (mean)
Element Onion, Allium cepa Carrot, Daucus carota
(n=30) (n=30)
Ba 0.53 — 25.05 (2.56) 4.54 - 61.64 (21.26)
Cu 0.95 — 6.50 (3.10) 1.53 — 6.67 (3.76)
Mn 452 —33.56 (11.28) 2.77 - 24.15 (8.47)
Rb 0.76 — 14.17 (4.06) 0.71 - 24.34 (7.44)
Sr 2.16 - 12.25 (6.77) 6.75 — 31.47 (15.52)
Zn 8.11 — 40.66 (15.54) 7.58 — 26.81 (13.67)

While the mean values of Cu, Mn, Rb and Zn
concentrations did not differ significantly between the
analyzed species, the amount of Ba was eight times higher,
and the amount of Sr was twice higher in carrot roots than in
onions. These differences could be explained by distinct plant
metabolism processes of species. However, it is likely that



Scientific Journal of Riga Technical University
Environmental and Climate Technologies

DOI: 10.2478/v10145-011-0037-8

2011
Volume 7

carrots have a greater tendency to uptake and accumulate trace
metals than onions.

Data from similar studies revealed that onions grown in
Finland contained Cu 4-5 mg/kg DM, Mn 8-18 mg/kg DM and
Zn 13-22 mg/kg DM, but carrots grown in Finland contained
Cu 5-6 mg/kg DM, Mn 12-27 mg/kg DM and Zn 10-
23 mg/kg DM [1]. These values are slightly higher than levels
of the same trace elements detected in the current study and
indicate the importance of geographical differences.

Particular importance should be paid to the potentially toxic
element assessment. Commonly known potentially toxic
metals were detected in the following mean amounts:
Ni 0.25 mg/kg DM and 0.28 mg/kg DM, Cr 0.09 mg/kg DM
and 0.16 mg/kg DM, Pb and Cd each 0.05 mg/kg DM and
0.12 mg/kg DM in onions and carrots grown in Latvia,
respectively. The obtained data showed slightly lower values
than reported in literature. For example, onions and carrots
grown in Finland contained Ni 0.15-0.38 mg/kg DM and 0.48-
0.60 mg/kg DM, Pb0.09-0.11 mg/kgDM and  0.10-
0.13 mg/kg DM,  Cd0.03-0.15mg/kgDM  and  0.12-
0.28 mg/kg DM, respectively [1]. Information about onions
and carrots grown in Pakistan showed that amounts of
chromium were 1.1mg/kgDM and 0.8 mg/kg DM,
respectively [9], that is much higher than revealed in the
Northern countries.

Other trace elements in onions and carrots were detected in
relatively  small  amounts: Co 0.018 mg/kg DM  and
0.026 mg/kg DM, As 0.014 mg/kg DM and 0.012 mg/kg DM,
Ce 0.006 mg/kg DM and 0.018 mg/kg DM, La
0.005 mg/kg DM and 0.018 mg/kg DM, Ag 0.003 mg/kg DM
and 0.013 mg/kg DM, respectively. Only the mean amount of
vanadium was higher in onions than in carrots, respectively
0.024 mg/kg DM and 0.006 mg/kg DM. An important element
for human health is selenium, which was detected in onions
and carrots in the amounts of 0.018 mg/kg DM and
0.014 mg/kg DM, while the values reported by Finnish
scientists reached even 0.11 mg/kg DM in onions, but in
carrots Se concentration (<0.01-0.02 mg/kg DM) was similar
as detected in the current study [1]. Possible soil
replenishment by selenium compounds in agriculture, that is a
common approach for selenium enrichment in food in areas
with low natural geochemical concentration of Se, obviously
can be a reason for increasing the Se amount in vegetables,
especially in onions, while plants of Allium sp. are predisposed
to accumulate selenium. It should be noted that soils of the
territory of Latvia are considered as “selenium deficient” [11].

Statistical analysis of the data by using Fisher’s criteria and
appropriate t-tests allowed comparison of vegetable samples
grown in different agricultural conditions, i.e. divided by
subgroups of samples grown in farmlands versus samples
grown in allotment gardens. Farmlands can be affected by
agricultural activities such as the use of fertilizers and
pesticides much more intensively than allotment gardens,
while private allotment gardens most frequently are small and
located close to the roadsides and urban areas, as well as can
be situated within cities and towns near industrial territories or
on recultivated contaminated lands that can negatively

influence air, soil and water conditions in gardens.
Subsequently, a risk of food plant contamination by
potentially harmful chemicals, e.g. potentially toxic metals can
be posed in both cases. However, onion and carrot samples
within the current study were collected mainly in rural areas.
Therefore, the influence of industry or heavy traffic on
vegetables grown in allotment gardens cannot be reliably
assessed.

Regarding the analysis of onion bulbs, significant
differences between the mentioned subgroups were detected
for several trace elements. Strontium, nickel, cadmium,
selenium and cobalt were the elements the amounts of which
were significantly higher in onions grown in farmlands, while
rubidium was the only single element which was detected in
higher amounts in onions grown in allotment gardens. But the
analysis of subgroups of carrots revealed a significant
difference only for the three trace elements — carrot samples
grown in allotment gardens were significantly richer in zinc,
manganese and rubidium. These coherences purport the fact
that farmlands are more likely influenced by possible
contamination sources, mainly such as agrochemical impact,
that can result in increased amounts of potentially toxic metals
in vegetables, but the trace element analysis of vegetables
grown in rural allotment gardens may reveal possible
influence of geochemical background.

B. Content of major elements in root vegetables

Analysis of major elements in root vegetables revealed that
potassium and calcium were the most abundant elements in
both species. Data showed that carrots were about twice richer
in potassium and calcium than onions. Also the amounts of
sodium and magnesium in carrot roots were significantly
higher than in onion bulbs, while iron in both species was
detected in similar quantities (see Table I1I).

TABLE Il

CONTENT OF MAJOR ELEMENTS IN ANALYZED SAMPLES OF ONION BULBS AND
CARROT ROOTS, MG/KG DRY MATTER

Content by species: min — max (mean)

Element Onion, Allium cepa Carrot, Daucus carota
(n=30) (n=30)

Ca 605.71 — 2402.63 2314.81 — 3915.92
(1381.81) (3085.46)

Fe 9.47 — 45.66 11.44 -34.71
(18.57) (19.07)

K 9851.21 — 28417.50 9178.36 —47979.73
(16961.10) (27839.29)

Mg 610.26 — 1458.50 461.65 — 3097.23
(923.12) (1365.19)

Na 8.70 — 783.87 150.40 — 4989.68
(143.67) (1761.11)

The sequence of major elements K> Ca> Mg > Na of
onions grown in Latvia refers to literature data where onion
cultivars grown in United Kingdom [12] and Finland [1] were
analyzed. However, in research done by Mohamed with
colleagues [13], who investigated element content of
vegetables from Saudi Arabia, the major elements ranked in a
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different sequence, i.e.Ca>K>Mg> Na. Conditions in
Saudi Arabia differs much from those in Latvia; therefore, the
detected differences obviously confirm that vegetable and
plant composition is dependent on cite specific conditions as
climate regime and soil composition.

In general, the major element content of onions and carrots
grown in Latvia is comparable with results from other
countries, e.g. carrots in Finnish research contained K 2330-
2650 mg/100g, Ca 214-225 mg/100g, Mg 121-150 mg/100g,
but the amount of Fe 3.0-3.4 mg/100g [1] is significantly
higher than observed in the current study. This reveals the
influence of site specific geological peculiarities.

An assessment of major element content in root vegetables
was performed to draw a comparison between the samples of
species grown in allotment gardens versus the samples of
species grown in farmlands. Taking into account the
comparison of variances by Fisher’s criteria and the results of
the performed appropriate t-tests for samples of onion bulbs,
only the content of sodium was significantly different in the
selected subgroups. The mean score for the subgroup of
samples grown in farmlands (M=186.59, n=17) was
significantly higher than the scores for the subgroup of
samples grown in allotment gardens (M=87.55, n=13) using
the two-sample t-test for unequal variances (p=0.04). The data
of the major element content of carrot roots revealed
significant differences for two major elements between
subgroups: content of potassium (M=1641.64, n=12) and
magnesium (M=31643.9, n=12) in the subgroup of samples
grown in allotment gardens was significantly higher than in
the subgroup of samples grown in farmlands where the mean
scores for Mg — M=1180.9, n=18 and for K were M=25302.9,
n=18 detected by t-tests for unequal variances and t-test for
equal variances, respectively. Results of the statistical data
analysis confirm the hypothesis that element uptake during
plant development is to a great extent dependent on botanical
properties of species, as it is also revealed in related
studies [14].

IVV. CONCLUSIONS AND FUTURE WORK

The quantitative analysis of trace and major elements of
selected species of root vegetables confirmed that element
uptake is dependent on the kind of species even in similar
growing conditions, but different agrochemical conditions
give a much greater impact. In general, the content of trace
and major elements in carrot roots were higher than element
content of onion bulbs. The higher content of potentially toxic
metals (Cd, Cr, Ni, Pb) makes to think that carrots uptake and
accumulate elements easier than onions and, therefore, can be
affected by impact of pollution that may result with potentially
toxic element penetration into animal and human food chains.

Comparison of selected subgroups of vegetable samples
grown in farmlands versus samples grown in allotment
gardens revealed that amounts of several elements (Cd, Co,
Na, Ni, Se, Sr) were significantly higher in the subgroup of
onion samples grown in farmlands, while the same samples
contain a significantly less amount of rubidium. For carrots,
significantly higher amounts of some elements (K, Mg, Mn,
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Rb, Zn) are contained in samples from allotment gardens.
Differences between selected subgroups may arise, as well as
entailed by natural geochemical background peculiarities as
from the use of soil fertilizers that can influence the content of
major elements or use of pesticides regarding some trace
elements. Therefore, further studies are needed and certain
regional geochemical background of the origin place of
samples should be taken into account within the assessment.

The overall data assessment and the comparison with
worldwide literature information show that element content of
root vegetables can be influenced not only by agricultural or
gardening practices, but also is dependent on site specific
geographical, geological, climatic conditions and detailed
nuances have to be studied deeper by taking into account more
influencing factors.

Further studies will involve a quantitative analysis of
additional samples of carrots, onions and other food articles
from Latvia with the aim to find out the intensity of
geochemical impact, as well as the geographical dissemination
of element content.

It is foreseen that the data obtained can be used for the
consumer risk assessment, respecting possible impact of
potentially toxic elements as potentially toxic metals are, as
well as the benefit assessment of essential micro- and
macronutrients in human daily diet can be performed.
Therefore, assessment of daily intake of vegetables should
also be under the scope of interest.
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Zane Vincévica-Gaile. Maris Klavins, Vita Rudovi¢a, Arturs Viksna. Mikro- un makroelementi partika Latvija: saknu darzenu analize

Uzturproduktu kimiska sastava izpéte ir komplicéts process, kas ka pétniecibas metode tiek pielietota galvenokart partikas ktmijas nozar€. Ir zinams, ka kimisko
elementu saturu augos ietekmé dazadi faktori, tadi ka suga, augsnes pasibas, laika apstak]i, m&slosana un augu aizsardzibas lidzeklu lietoSana, ka ar augu
attistibas stadija, tapéc partikas produktu analize var but nozimiga ari citu nozaru konteksta. P&tjjuma merkis — ieglit informaciju par Latvija audz&tu saknu
darzenu (sipolu un burkanu), mikro- un makroelementu sastava ipatnibam, nemot véra darzepu paraugu izcelsmi. P&tfjuma ietvaros no dazadiem Latvijas
regioniem, precizgjot paraugu izcelsmi no zemnieku saimniecibam vai piemajas darziem, tika ievakti sipolu un burkanu paraugi. P& paraugu apstrades un
mineralizacijas tie tika analiz&ti ar tadam kvantitativas analizes metodém ka atomabsorbcijas spektrometrija un induktivi saistitas plazmas masas spektrometrija.
legiitie dati par mikroelementu (Ag, As, Ba, Cd, Ce, Co, Cr, Cu, La, Mn, Ni, Pb, Rb, Se, Sr, V, Zn) un makroelementu (Ca, Fe, K, Mg, Na) saturu darzenos tiks
statistiski apstradati, savstarp&ji salidzinati, ka ar izvertéti konteksta ar lidzigiem citu valstu pétjjumiem. Kopuma tika konstatéts, ka burkanos vairaku elementu
saturs ir augstaks neka sipolos, kamer citi elementi abos darzenu veidos ir vienlidziga apjoma. Apaksgrupu analize atklaja statistiski nozimigas vairaku elementu
Tpatnibas starp zemnieku saimniecibas mazdarzinos audzétiem saknu darzepiem. Pieméram, Cd, Co, Na, Ni, Rb, Se un Sr koncentracijas sipolu paraugos no
mazdarziniem bija statistiski butiski zemakas neka sipolos, kas audzeti zemnieku saimniecibas. Datu analize lauj secinat, ka vides faktoru ietekmei ir batiska
nozime uz elementu saturu darzenos.

3ane BunneBuua-I'aiine,
KOPHEIJIOHbIe 0BOLIH

HccenenoBanne XUMHYECKOTO COCTaBa MPOAYKTOB MUTAHUS MPEICTABISICT COO0I CIOXKHBIN MpoLece, KOTOPbIi B OCHOBHOM HCIIONB3YETCS B MHUIICBON XUMHH B
Ka4yeCTBE UCCIICAOBATENBCKOrO0 MeToa. VI3BECTHO, YTO COZCpKaHME XUMUYECKHX JIEMEHTOB B PACTCHHSAX 3aBUCHUT OT PA3IMUHBIX (DAKTOPOB, TAKUX KaK BUI

Mapuc Kassuam, Bura Pynosuua, Aprypc Bukcna. MuKpo- M MakpodJeMeHTbI B NPOAYKTAX NuTaHus B JlaTBum:
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pacTeHHs], XapaKTePUCTUKA IIOYBBI, YCIOBHS IIOTOJbI, MPOAYKTHI UL YIOOPEHMS M 3alIUTHl PACTCHHH, a TAaloke CTAAUs Pa3BHTHS PacTEHMs, IODTOMY aHAIU3
HPOJYKTOB MUTAHHUS PACTUTEIBHOIO IPOUCXOXKICHHUS MOKET UMETh Ba)KHOE 3HAYCHHE B KOHTEKCTE PasHbIX oTpaciell Hayku. Llenmb uccienoBaHus - MOTy4UTh
HHQOPMALMIO O KOPHEIUIOAHBIX OBOIIAX, TAaKMX KaK permYaTblii JyK M MOPKOBb, MECTHOTO JIATBHHMCKOTO IPOHCXOXKAEHUS OTHOCHUTEIBHO MHKPO- H
MAaKpODJIEMEHTOB, C YIETOM IIPOUCXOXKICHHS ¢ 00pa3noB. OOpasisl ObLmH coOpaHs! 0 Beel Tepputopun Jlatuu. IIponcxoxaeHne o06pasnoB ObLIO BEIICHEHO
IIPH TIOKYIIKE, TI0Ty4ast 00pasel; U3 CelbCKOXO03AHCTBEHHOTO NPEINPUATHS WM U3 CaJI0BO-OrOPOIHOrO ydacTka. [locie 06paboTku 1 MUHEpaIM3auyuy 00pasLos
PacTBOPbI ObLIM aHAJIU3MPOBAHBI TaKUMH METOAAMH, KaK: aTOMHO-a0COPOLIMOHHAS CIIEKTPOMETPHSA M Macc-CHEKTPOMETPHs HHYKTHBHO-CBSI3aHHOW ILIa3MBbI.
TMomyuennble naHHbIe 0 copepkannu Mukpodnementos (Ag, As, Ba, Cd, Ce, Co, Cr, Cu, La, Mn, Ni, Pb, Rb, Se, Sr, V, Zn) u makpoasnementos (Ca, Fe, K, Mg,
Na) B oBoIIax CTaTUCTHYECKH 00pabOTaHbI, CPABHEHBI MEXAY COOOi, a TakKe B KOHTEKCTE MOAOOHBIX HCCIENOBAHMN B IPYTHX CTpaHax. B merom, Obuto
YCTaHOBJICHO, YTO HECKOJIBKO 3JIEMEHTOB B COCTABE MOPKOBH BBIIIIE, YEM Y JIyKa, B TO BPeMs KaK APYTHe JIEMEHThI BXOJAT B COCTaB 000X BUJIOB B OAMHAKOBOM
KOIMYeCTBE. AHaIM3 MOATPYNI MOKa3al CTATUCTHYECKH 3HAYMMBIE OCOOCHHOCTH MHOTUX DJIEMEHTOB B KODHEIUIOZAX, BBIPAICHHBIX B YCIIOBHSX CaJ0BO-
OTOPOJIHBIX y4aCTKOB M CEIbCKOXO3SHCTBEHHBIX ycinoBusix. Hampumep, koHuenrpaunn Cd, Co, Na, Ni, Rb, Se u Sr B o0pa3uax iyka ObLIH CTaTHCTHYECKH
3HAYMMO HMXKE, YeM Yy JIyKa, BHIPAILEHHOrO IPU CEIbCKOXO3SHCTBEHHBIX YCIIOBMSAX. AHAJIN3 NAHHBIX MOKA3al, 4TO (haKTOPbI OKPYXKAIOIIUIl CPelbl MIParoT
Ba)KHYIO POJIb B COJEPXKAHHUH DIIEMEHTOB B OBOIIAX.
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