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ABBREVIATIONS AND GLOSSARY

AAS
CEC
DW; WW
EAR

FAAS
GFAAS
ICP-AES; ICP-OES

ICP-MS

LD

LOD

MRL
PTFE/TFM’
RDA

RNI
SUL
TXRF
UL

atomic absorption spectrometry
cation exchange capacity
dry weight; wet weight

estimated average requirement: a nutrient intake value that is
estimated to meet the requirement of half of the healthy individuals
in a life stage and gender group (Duffus et al., 2007)

flame atomic absorption spectrometry
graphite furnace atomic absorption spectrometry

inductively coupled plasma atomic emission spectrometry;
inductively coupled plasma optical emission spectrometry

inductively coupled plasma mass spectrometry
lethal dose

limit of detection

minimal risk level
polytetrafluoroethylene/TFM (teflon)

recommended dietary allowance: the dietary intake level that is
sufficient to meet the nutrient requirements of nearly all healthy
individuals in a life stage and gender group (Duffus et al., 2007)

reference nutrient intake
safe upper level
total reflection X-ray fluorescence spectrometry

tolerable upper intake level: the highest level of nutrient intake
that is likely to pose no risk of adverse health effects for almost all
individuals in the general population (Duftus et al., 2007)



ANNOTATION

Besides the transfer of essential micro- and macroelements from environment to
food, contamination of food chain with toxic and potentially toxic elements, e.g., As, Cd,
Hg, Pb may occur. The aim of the doctoral thesis “Impact of environmental conditions
on micro- and macroelement content in selected food from Latvia” included quantitative
investigation of food samples collected in Latvia to discover factors influencing the con-
centration and possible transfer routes of elements in food. In addition, element bioavail-
ability in food chain was studied by experimental food crop growth in contaminated soil.
Obtained results revealed influence of several factors, e.g., seasonality, botanical origin,
site-specific factors, applied agricultural practice, food processing on the concentration
of elements in food.

Key words: micro- and macroelements, quantitative analysis, element transfer, food
composition, environment, Latvia.

ANOTACIJA

Bez vitali svarigo mikro- un makroelementu ieneses partika no vides (augsnes, Gdens
un gaisa) ir iesp&jams arl baribas kédes, t. sk., partikas piesarnojums ar toksiskiem vai
potenciali toksiskiem elementiem, pieméram, As, Cd, Hg, Pb. Promocijas darba mérka
ietvaros tika veikta Latvija iegtitu partikas produktu paraugu mikro- un makroelementu
sastava kvantitativa analize, lai noskaidrotu vides apstaklu ietekmi uz elementu koncen-
traciju un ieneses celiem partika. Papildus, lai vértétu elementu biopieejamibu baribas
kédg, tika veikta eksperimentala partikas kultaraugu audzésana maksligi piesarnota aug-
sné. legitie dati liecina par vairaku dabiskas un antropogénas izcelsmes vides apstaklu,
pieméram, sezonalitates, botaniskas izcelsmes, vietas specifisku apstaklu, lauksaimnieci-
bas prakses, partikas parstrades, ietekmi uz elementu koncentraciju partika.

Atslégvardi: mikro- un makroelementi, kvantitativa analize, elementu parnese, parti-
kas sastavs, vide, Latvija.



INTRODUCTION

Food and drinking water are the main sources of nutrient element supply for hu-
man body. Apart from basic substances of nutrition as proteins, carbohydrates and li-
pids, human body requires fibres, vitamins, amino acids, enzymes and range of essen-
tial chemical elements. Macroelements such as Ca, K, Mg, Na and microelements (e.g.,
Cr, Cu, Fe, Mn, Mo, Se, V, Zn) are essential compounds which affect vital functioning
of human body - development, growth, reproduction. Although the information of the
chemical and nutritional content of majority of foodstuffs is established and aggregated
in series of handbooks about nutrition and healthy diet, e.g., Burgerstein’s handbook of
nutrition (Zimmermann, 2001), Handbook of nutrition and food (Berdanier et al., 2007),
Uztura mdciba (Nutrition studies) written by Latvian dieticians (Zarin$ un Neimane,
2009), and several databases constituted by agricultural and food research institutions
(e.g., USDA, s.a.), micro- and macroelement content in food regionally is very variable
(e.g., Aberoumand and Deokule, 2010; Ekholm et al., 2007; Ferre-Huguet et al., 2008;
Hashmi et al., 2007). Specific or natural environmental conditions with interconnection
of anthropogenic influences may affect element content in food. For example, element
content in soil can influence composition of vegetation that is consumed by animals or is
used as human food, thus resulting in the specific element transfer into food chain which
may affect human health, longevity and life quality in general (Combs, 2005; Fraga, 2005;
Nabrzyski, 2007). Food contamination with toxic and potentially toxic elements (e.g., As,
Cd, Cr, Hg, Pb) may occur resulting in reduced quality of daily nutrition and adverse
health effects. Therefore, the assessment of the content and concentration of micro- and
macroelements in connection with estimation of environmental and anthropogenic im-
pacts are the issues of a high importance. Information of tendencies in the content of
elements in food also can be used as an indicator of regional environmental element
background (Fernandez-Torres et al., 2005; Fodor and Molnar, 1993; Pisani et al., 2008).
Quantitative data of micro- and macroelement concentration is an indispensable tool
for risk assessment analysis that can be associated with occasional intakes of elements
in too high levels and may lead to the toxic adverse effects in human body or, contrary,
can be connected with possible insufficiency of element intake that may determine de-
ficiency of certain elements in human body (Goldhaber, 2003). Thus, interdisciplinary
studies of micro- and macroelement concentration in foodstuffs are of importance for
many branches of science including environmental science, chemistry, food and nutrition
science, and health sciences. And the aim of such studies is not only to investigate im-
pacts of environmental pollution, but also to identify element inputs from environment
to food due to the natural environmental conditions as well as to discover the element
transfer routes and accumulation processes. The research of micro- and macroelement
concentration in food within the interconnection of impact of environmental conditions
is of a great importance from the public healthcare perspective as support to regional
or site-specific food production, especially considering growing role of biological and
domestic farming as well as for further development of food quality control system.



The aim of the work was to study concentration of micro- and macroelements in se-
lected foodstuffs collected over the territory of Latvia to characterize the impact of envi-
ronmental conditions influencing element content, concentration and transfer in food,
and to study the provisional bioavailability of elements in food chain soil-plant-human.

Tasks of the work

= Application and development of methodology for foodstuff sampling, pretreat-
ment and quantitative analysis of element concentration considering quality as-
surance requirements.

= Collection of food samples in Latvia and subsequent quantitative analysis of el-
ement concentration, data statistical analysis, assessment of the impact of envi-
ronmental conditions influencing element content in foodstufts in respect to, e.g.,
environmental pollution, impact of natural and anthropogenic conditions.

= Study of the routes of micro- and macroelement movement within the food chain
soil-plant-human and assessment of provisional bioavailability of elements in food
chain segments soil-plant and plant-human.

= Provisional risk and benefit assessment of element contribution in human nutri-
tion as well as comparison of micro- and macroelement concentration in food in
Latvia with corresponding data from other countries.

The main focus of the work was the implementation of screening analysis of select-
ed food in Latvia to discover the tendencies of micro- and macroelement concentration
within the framework of impact of environmental conditions.

Hypothesis

Quantitative analysis of micro- and macroelements in food samples in Latvia is one of
the indicators of food quality, safety and nutritional value that can be affected by natural
and anthropogenic environmental conditions.

Proposed theses

1. Quantitative analysis of micro- and macroelements in food samples using meth-
ods of analytical chemistry - a challenge for the improvement of food analysis
methodology and development of screening methods.

2. Analysis of micro- and macroelements in food is a significant indicator of food
safety and quality that can be assessed estimating specific conditions of food pro-
duction process.

3. Seasonality, site-specific, botanical factors, impact of agricultural practice, food
processing specifics — conditions that affect micro- and macroelement composi-
tion and concentration in food.

4. Investigation of bioavailability of elements in food chain segments — important
aspect of pollution transfer into nutrition with food.

5. Quantitative analysis of food is a perspective research direction within the context
of environmental science, chemistry and health sciences that has to be developed
in larger scale.



Scientific novelty

1. Further improvements of analytical methodologies of food and environmental
sample analysis, supporting advancement of prospective in food quality mon-
itoring principles, with the prospective implementation of quality assurance
procedures.

2. Development of interdisciplinary approach for the investigation of natural and an-
thropogenic factor impacts on food composition.

3. Comparative evaluation of the accumulation processes of elements in foodstuffs
derived in different conditions, e.g., biological farming versus conventional farm-
ing etc.

4. Development of micro- and macroelement analysis (fingerprint concept) as a tool
for tracking food origin, identity and quality.

Practical importance

The first comprehensive quantitative analysis of micro- and macroelement concen-
tration in representative foodstufls in Latvia that reveals in general beneficial (in respect
to human nutrition) composition of elements in food produced in Latvia, low impacts of
environmental pollution and good perspectives to identify and label food produced in
Latvia as compliable to highest quality criteria. Determined tendencies of element trans-
fer in food chain and provisional bioavailability assessment may be developed further in
a favour of sustainable agriculture and gardening. Estimation of food nutritional value
regarding micro- and macroelements, local dietary specifics, food safety and provisional
consumer risk assessment in Latvia can be used for further analysis of public health and
for comparison of food composition on a worldwide scale.

Approbation

The results of the doctoral thesis are published in 12 scientific articles. The results of
the research work have been presented in 15 reports at international conferences and in
10 reports at local conferences in Latvia.

Related to the research field the author of the thesis has supervised 4 Bachelor re-
search works and has advised the preparation of 3 Master theses.
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> Peer reviewed proceedings, indexed by the databases SCOPUS, EBSCO, Thomson Reuters ISI Web
of Knowledge, CrossRef Database, CrossRef Cited By Linking, ProQuest, Scirus, GeoRef; ISBN:978-
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“Impact of environmental conditions on the content of microelements in food:
Analysis of cereal products” [in Latvian] (Vincévic¢a-Gaile, Z., Gaga, K., Rudovica, V.,
Klaving, M.) Abstract published in: Geography. Geology. Environmental Science: Book
of abstracts, 67-69.

The 71* Scientific Conference of University of Latvia. Riga, January 29, 2013. Report
“Transfer of heavy metals in food chain soil-plant” [in Latvian] (Stapkévica, M.,
Vincévica-Gaile, Z., Klavins, M.) Abstract published in: Geography. Geology.
Environmental Science: Book of abstracts, 215-216.

The 70" Scientific Conference of University of Latvia. Riga, January 31, 2012. Report
“Content of micro- and macroelements in root vegetables in Latvia” [in Latvian]
(Vincévica-Gaile, Z., Klavin$, M., Rudovica, V., Viksna, A.) Abstract published in:
Geography. Geology. Environmental Science: Book of abstracts, 398-399.

The 70 Scientific Conference of University of Latvia. Riga, January 31, 2012. Report
“Transfer of metals within the food chain soil-plant (example of Cu?*)” [in Latvian]
(Vincévica-Gaile, Z., Klavins, M.) Abstract published in: Geography. Geology.
Environmental Science: Book of abstracts, 397-398.
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10.

The 70" Scientific Conference of University of Latvia. Riga, January 31, 2012. Report
“Application of total reflection X-ray spectrometry for direct analysis of liquid sam-
ples” [in Latvian] (Vincévica-Gaile, Z., Purmalis, O., Klavins, M.) Abstract published
in: Geography. Geology. Environmental Science: Book of abstracts, 400-401.

The 70" Scientific Conference of University of Latvia. Riga, January 31, 2012.
Report “Influence of seasonality on micro- and macroelement content of hen eggs”
[in Latvian] (Gaga, K., Vincévica-Gaile, Z., Klavins, M.) Abstract published in:
Geography. Geology. Environmental Science: Book of abstracts, 291-292.

The 70" Scientific Conference of University of Latvia. Riga, January 31, 2012. Report
“Influence of botanical origin on the element content of honey in Latvia” [in Latvian]
(Priedite, E., Vincévic¢a-Gaile, Z., Klavin$, M., Rudovica, V., Viksna, A.) Abstract
published in: Geography. Geology. Environmental Science: Book of abstracts, 356-357.

The 69" Scientific Conference of University of Latvia. Riga, February, 2011. Report
“Environmental conditions influencing fluctuation of micro- and macroelement con-
tent of cottage cheese” [in Latvian] (Vincévica-Gaile, Z., Zilgalve, L., Klavins, M.)
Abstract published in: Geography. Geology. Environmental Science: Book of abstracts,
501-504.

The 69" Scientific Conference of University of Latvia. Riga, February, 2011. Report
“Significance of micro- and macroelement content of honey within the context of
environmental science” [in Latvian] (Vincévica-Gaile, Z., Bula, R., Klavins, M.)
Abstract published in: Geography. Geology. Environmental Science: Book of abstracts,
499-501.

The 68" Scientific Conference of University of Latvia. Riga, February, 2010. Report
“Biogeochemical relevance of selenium” [in Latvian] (Vincévica-Gaile, Z.) Abstract
published in: Geography. Geology. Environmental Science: Book of abstracts, 440-442.
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1. LITERATURE REVIEW

1.1. Characteristics of elements in human health and diet -
interconnection with environment

Basic elements (C, H, N and O) form up to 97 % of the matter of living systems.
Content of these elements in the tissues and organs of human body is estimated as fol-
lows: O (61 %) >C (23 %) >H (10 %) >N (2.6 %), respectively, in average of human body
weight. Other elements can be subdivided in macro- and microelements. Macroelements
are Ca, Cl, K, Mg, Na, P, S and Si; each of them accounts about 0.03-1.4 % of human body
weight. Microelement concentration in human body is variable — from less than 0.1 mg/kg
to more than 100 mg/kg. Microelement group involves such elements as Ag, Al, As, Au,
B, Ba, Br, Cd, Co, Cr, Cs, Cu, E Fe, I, Mn, Mo, Ni, Pb, Rb, Sc, Se, Sn, Sr, V, Zn, but the list
may vary due to the traits of the lifestyle, diet and habitation environment of an individual
(Aras and Ataman, 2006; Baltes, 1998; Fraga, 2005; Garrett, 2005; Goldhaber, 2003).

Nutrition, including food, beverages and drinking water, is the main source of el-
ements for human body. Therefore, the composition of chemical elements in diet can
be assessed as important transition matter for the uptake of nutritionally important as
well as potentially toxic elements. In this chapter essentiality and toxicity of elements in
respect to human health and element transition routes in food from the environment is
discussed.

1.1.1. Essentiality of elements

From all known chemical elements about 50 elements can be found in living organ-
isms, including plants, animals and humans, but only for 23 elements the physiological
relevance for humans has been revealed (Combs, 2005; Fraga, 2005). Elements are essen-
tial if they are vitally important and irreplaceable for normal physiology of the organism
(Aras and Ataman, 2006; Goldhaber, 2003). Essentiality to the element is attributed if the
consumption of element at levels above the safe adequate intake induces alterations in
physiological functions of organs and tissues (Aras and Ataman, 2006). The group of es-
sential compounds involve not only chemical elements, but also amino acids, fatty acids,
vitamins — compounds that cannot be synthesized by organism itself but are unambigu-
ously needed for the biological functions (Combs, 2005). However, the term essentiality is
a relative designation due to the specific needs of biological systems for various elements
in different amounts, i.e., some elements considered as essential for certain species can
be non-essential or even toxic for another species and some elements can be essential
in certain amount while in higher concentration they become toxic. For example, V and
Co are essential elements for blue-green algae, one within the function of photosynthesis
and another is involved in the process of nitrogen fixation. At the same time function of
cobalt in higher plants is unknown and, if attributed to humans, biological function of V
is not clearly understood (Kabata-Pendias, 2011).

C.A. Bowman with colleagues (2003) listed elements that are essential for all living
organisms (C, Co, Cu, Fe, H, K, Li, Mg, Mn, Mo, N, P, S and Zn) and those essential for
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most of the living organisms (Al, As, B, Br, Ca, Cd, CI, Cr, E I, Na, Ni, O, Se, Si and V).
The role of some elements (e.g., Al, As, B, Sn, V) in human health is still under the sci-
entific investigation and, therefore, the term possibly essential elements can be attributed.
Elements can be toxic, potentially toxic or non-toxic elements, nevertheless, it depends
on the element concentration (ATSDR, s.a.; Szefer and Grembecka, 2007; WHO, 1996).
According to A. Kabata-Pendias and A.B. Mukherjee (2007), elements that are found in
detectable levels in human body can be listed as follows: a) essential elements — As, B,
Br, Cl, Co, Cr, Cu, E Fe, I, Li, Mn, Mo, B, S, Se, Si, V and Zn; b) possibly essential ele-
ments — Al, Ba, Ge, Ni, Rb, Sn, Sr and Ti; ¢) non-essential elements — Ag, Au, Cs, Hf, In,
Ir, Sb, Ta, Te, U, Y, Zr, including rare earth elements; d) non-essential and highly toxic
elements - Be, Bi, Cd, Hg, Pb and TI. In the group of suspected essentials G.F. Combs
(2005) involved such elements as As, B, Ni, Pb, Si, V. However, the classification of ele-
ments is conditional and may vary due to the subjective research results and up-to-date
scientific findings.

General contribution of elements in human physiology is following: a) Ca, F, Mg and P
are involved in structures of bones and membranes; b) Cl, K and Na supports the balance
of water and electrolytes; ¢) Cu, Mg, Mo, Se and Zn participate in metabolic catalysis; d) Fe
is involved in binding of oxygen; e) I and Cr are associated with hormone formation and
activity (Aras and Ataman, 2006; Combs, 2005). In details the main functions of essential
and possibly essential elements and the main food sources are summarized in Appendix I.

Nutritionally important elements can be subdivided in macroelements or macronu-
trients (e.g., Ca, K, Mg, Na) and microelements or micronutrients (e.g., Co, Cr, Cu, Mo,
Ni, Se), depending on the required daily consumption amounts. Daily requirement of
microelements usually is less than 100 mg/day, while macronutrients for human body are
necessary in larger quantities (Abrahams, 2002; Fraga, 2005). Requirements usually are
calculated taking into account the studies of regional dietary surveys. Several terms are
used to set and describe required element concentration for humans, e.g., recommend-
ed daily allowance (RDA), estimated average requirement (EAR), upper intake level (UL),
reference nutrient intake (RNI) etc. (Duffus et al., 2007; FSA, 2006; IOM, s.a.; Schrauzer,
2002; White and Broadley, 2005). Requirements of essential elements for humans derived
after the USA and the UK guidance documents are summarized in Table 1.1.

1.1.2. Toxicity of elements

According to the definition stated by the International Union of Pure and Applied
Chemistry (IUPAC), a substance can be estimated as toxic if it has ‘capacity to cause in-
jury to a living organism defined with reference to the quantity of substance administered
or absorbed, the way in which the substance is administered and distributed in time (single
or repeated doses), the type and severity of injury, the time needed to produce the injury,
the nature of the organism(s) affected and other relevant conditions’ (Duftus et al., 2007).
Toxic substances can cause cumulative and non cumulative effects. Cumulative effects are
adverse effects that occur after repeated exposure by a toxic substance, while non cumu-
lative effects may be caused by rapidly absorbable and rapidly eliminated toxic substances
(Duffus et al., 2007). Cumulative effects usually are associated with accumulation of a
substance in tissues or organs of living organisms or in elements of ecosystems.
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Table 1.1

The requirements of intake of essential elements for adult human organism
(after FNIG, s.a.; FSA, 2006; IOM, s.a.; Schrauzer, 2002; White and Broadley, 2005)

After the USA guidance After the UK guidance
Element  Recommended daily ~ Tolerable upper Daily reference nutrient  Safe upper
allowance (RDA) intake level (UL) intake (RNT) levels (SUL)
Macroelements, mg/day
Ca 1000-1200 2500 700 1500*
Cl 750-3400 n. 2500 n.
K 1600-3500 n. 3500 3700*
Mg 310-420 350* 300 400*
Na 500-2400 <2400 1600 n.
700 4000 550 250%
S n. n. n. n.
Microelements, mg/day
B n. 20.0 n. 9.6
Cu 0.9 10.0 1.2 10.0
F 3.0-4.0 10.0 n. n.
Fe 8.0-18.0 45.0 11.4 17.0*
Mn 1.8-2.3 11.0 >1.4 4.0%
Si n. n. n. 1500
Zn 8.0-11.0 40.0 9.5 25.0*
Microelements, pg/day
Co 2.4%* - - -
Cr 25-35 n. >25 n.
I 150 1100 140 500*
Li 1000 (suggested) - - -
Mo 45 2000 50-400 n.
Ni n. 1000 n. 260
Se 55 400 75 450
\ n. 1800 n. n.

n. - not specified.

* - including non-food sources.

** - for vitamin B,, which contains 0.1 ug of Co

Adverse effects can be initiated by excess or deficiency of elements in human body;,
including essential elements, but the exposure of toxic elements to human organism can
be caused by very small concentration and may result in serious adverse health problems
(Abrahams, 2002). The ability of elements to affect the organ systems of humans in gen-
eral is summarized in Table 1.2.
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Table 1.2
Essentiality of elements and affected organ systems of human body
(after ATSDR, s.a.; WHO, 1996)
Organ system of human body
5 3 E g R =
Element Proved essentiality > é; E‘: § % ED '§o . j?.: :é
for humans - g % ‘?8 E‘J = g % E é _é g
S EE22 2 ¢CE£=s8E 288
5 B 2 5 2 5 & § & 3 5 = & %
C A KO =2Z O THI & A/&N~N
Ag + +
Al + + o+
Am +  +
As +/- + + + + +
B +/- + +
Ba + + +
Be + + +
Cd + + + + + +  +
Cl + + +
Co + + o+ + +
Cr + (Cr*) + + +
Cs +
Cu + + +  +
F + + + +
Hg + + + o+ +
I + +
Mn + + 4+ + +
Ni + + + o+ +
P + + + o+ +
Pb + + + + o+ 4+ + +  +
Pu + + +
Ra + +
Rn +
Sb + o+
Se + + + o+
Sn + + + +
Sr +
Th + + o+
Ti' +
Tl + + + o+
U +
\ +/- + + + + +
w +
Zn + + + +

* Ti tetrachloride
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Special attention should be focused on elements and substances with revealed or sus-
pected carcinogenity as the adverse effects caused by them are cumulative, more destruc-
tive and irreversible (Table 1.3).

Table 1.3

Known information of carcinogenity of compounds containing certain elements

(after ACS, 2011; ATSDR, s.a.; ECHA, 2013; IRIS, s.a.; NTP, 2011)

. Evidence
Radio- . .
Element . of human Substances of carcinogenic concern
nuclide .
carcinogen
Al +/-
Am + (*'Am)
As acid; Ca arsenate; diarsenic pentaoxide;
As + . . .
diarsenic trioxide; triethyl arsenate
Be +/-
Cd +/-
Co dichloride; Co (IT) carbonate; Co (II) diacetate,
60, _
Co + (%Co) +/ Co (II) dinitrate; Co (IT) sulphate; Co-W carbide
Cr (VI) and its compounds; acids generated from
chromium trioxide and their oligomers; ammonium
dichromate; Cr trioxide; dichromium tris(chromate);
Cr +/- . .
pentazinc chromate octahydroxide; K chromate,
K dichromate; K hydroxyoctaoxodizincate dichromate;
Na chromate; Na dichromate
Cs + (1¥Cs)
Hg +/- Hg chloride
I + ("1, B1) +/-
. Ni carbonyl; Ni refinery dust; Ni subsulphide;
Ni + Lo
metallic nickel
P +/-
Pb and its compounds; Pb chromate; Pb chromate
Pb + molybdate sulphate red; Pb hydrogen arsenate;
Pb sulphochromate yellow; trilead diarsenate
Pu + +
Ra + +
Rn + +
Se +/- Se sulphide
Sr + (°°Sr) +/- Sr chromate
Th + + Th dioxide
U +

Adverse effects induced by the deficiency of elements or excessive intake of elements
are summarized in Appendix II.

Toxicity is dependent on the characteristics of an action of a substance, intensity and
time of exposure. Toxicity of substances can be subdivided: a) acute toxicity — expressed
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as LD, or lethal dose that induces death of 50 % of representatives of an exposed indi-
vidual - LD, <1 mg/kg: extremely toxic substances, 1 <LD, <50 mg/kg: very toxic sub-
stances, 50 <LD_ <500 mg/kg: medium toxic substances, 500 <LD_ <5000 mg/kg: slightly
toxic substances; b) chronic toxicity — continuous and reiterative exposure of non lethal
doses of a substance that causes cumulative damage for organism (EXTOXNET, s.a;
Liguts, 2001). However, in the assessment of food contamination it is more correct to deal
with minimal risk levels (MRL) derived by the Agency for Toxic Substances and Disease
Registry in the USA. An MRL is an estimate of the daily human exposure to a hazardous
substance that is likely to be without appreciable risk of adverse or non-cancer health effects
over a specified duration of exposure’. Minimal risk levels are derived from acute-dura-
tion (1-14 days), intermediate-duration (>14-364 days) and chronic-duration (2365 days)
oral exposure studies (ATSDR, s.a.). Oral MRLs as well as estimated oral intake levels for
several elements are summarized in Appendix III. The abbreviation MRL discussed here
should not be confused with maximum residue levels set by European institutions for
contaminants such as pesticides.

As it was mentioned previously, highly toxic elements for humans are Be, Bi, Cd, Hg,
Pb and TI. Predominant exposure as well as acute and chronic adverse effects caused by
highly toxic elements for humans are summarized in Table 1.4.

1.1.3. Transfer routes of elements in human nutrition

Food and drinking water are the main sources that supply human body with nutrients
including micro- and macroelements; slight amounts of elements can be inhaled from air.
Nowadays industrial food production has been developed rapidly and is steady restricted
by laws and regulations that set down limitations for composition of food. However, food
products derived from plant or animal origin and produced by small farms or individual
households still are exposed to the influence of regional or site-specific environmental
conditions. Although element circulation in ecosystems is a process without cease in-be-
tween the main constituents of biosphere, soil, water and air; vegetation is the primary
recipient of elements from environment, mainly taking up micro- and macroelements by
roots and foliage (Kabata-Pendias, 2011; Kabata-Pendias and Mukherjee, 2007; Voutsa et
al,, 1996). Element transfer into the food chain continues from plants to animals, finally
reaching food of plant origin and food of animal origin and human nutrition (Figure 1.1).

If compared with animals, plants can be assessed as the major components of ecosys-
tem involved in element transfer from environment to food due to their capacity to take
up, store chemical elements, synthesize or resynthesize chemical compounds containing
certain elements available in soil and water. As soil is the main environmental provider of
elements, the research of element transfer into food and mineral nutrition can be assessed
as well to geological issues (Bowman et al., 2003; Combs, 2005). Plants can take up and
accumulate from the environment where they grow not only essential elements needed
for plant nutrition but also toxic elements, thus successive element transfer into the food
chain can appear and may cause potential risks for both, plant and human or animal
health (Voutsa et al., 1996).

Different plant species in distinctive growth conditions may be affected various-
ly, but after the toxicological experiments it has been revealed that most toxic elements
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Table 1.4

Exposure assessment and observed adverse effects after oral exposure caused by highly toxic

elements for humans

(after ATSDR, s.a.; Baltes, 1998; Kabata-Pendias and Mukherjee, 2007; Liguts, 2001;

WHO, 1996; WHO, s.a.)

il . Exposure of general Observed adverse effects after oral exposure
emen !
population Acute Chronic
Inhalation:

Chronic beryllium disease,

redominant . .
Be p . . Berylliosis anorexia, blueness of hands
Ingestion: possible
and feet, DNA damage
Dermal: rare
Nausea, loss of appetite and
weight, malaise, albuminuria,
diarrhoea, skin reactions,
Inhalation: stomatitis, headache, Kidney damage, liver
Bi predominant fever, sleeplessness, vague disfunction, anaemia,
Ingestion: possible feeling, bodily discomfort, ulcerative stomatitis,
Dermal: rare depression, rheumatic exodermitis
pain, black line on gums
(deposition of Bi sulphide),
skin irritation, eye irritation
Inhalation: significant . Accumulation in kidneys with
. Diarrhoea, stomach .
from smoking . " subsequent kidney damage,
. pains, vomiting, bone . .
Cd Ingestion: . damage of liver, reproductive
. fracture, cardiomyopathy, . . .
predominant svchological disorders failure, potentially teratogenic,
Dermal: rare psy & DNA damage, cancer
. . Disruption of nervous system, brain function damage
Inhalation: possible, STup s mag
. with subsequent personality changes, tremors, vision
especially from . S
. changes, deafness, muscle discoordination, memory loss),
smoking . . . .
Hg . allergic reactions (skin rushes, tiredness, headaches),
Ingestion: .
. DNA and chromosomal damage (causes mongolism),
predominant . . .
negative reproductive effects (sperm damage, birth effects,
Dermal: rare . .
miscarriages)
Inhalation: significant
(15 %)
Ingestion: Haematologic effects, anaemia, neurological effects, kidney
predominant (dietary damage, brain damage, emphysema and lung cancer,
Pb intake 65 %; water reproductive disorders (declined fertility, miscarriages, subtle
intake 20 %) abortions), can cross placenta barrier, behavioural disruptions
Dermal: possible for children
(organic Pb
compounds)
Inhalation: rare
Ingestion: Disturbance of nervous system,
redominant (mainl tremor, tiredness, headaches,
P . ( . Y Stomach aches, damage of . .
Tl caused by ingestion of depression, lack of appetite,

. . nervous system . .
rat poison containing 4 hair loss, vision changes, nerve

T1 sulphate) pains, joint pains
Dermal: rare
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Food of plant
/ origin
Vegetation /
Plants \

\ Food of animal
origin = — direct route of element transfer
=> - indirect route of element transfer

Figure 1.1. Schematic overview of element transfer from environment to human nutrition
(author’s work out)

HUMAN
NUTRITION

for higher plants and also for several microorganisms are such elements as Ag, Be, Cd,
Co, Cu, Hg, Ni, Pb and Sn. There are plant species that are tolerable to toxic elements
in excessive concentration, while other species are more sensitive to certain elements
(Kabata-Pendias, 2011; Kabata-Pendias and Mukherjee, 2007). Element transfer from soil
to plants is a natural process of element circulation in the environment. It is a cluster of
complicated biochemical reactions that can be affected by natural as well as anthropo-
genic influence. Therefore, estimation of plant uptake of elements should be assessed not
only based on the soil properties, where plants were grown, but within the complex of
biotic and abiotic factors (Kabata-Pendias, 2011). Element transfer into the food chain
can be realized through different pathways as shown in Figure 1.2.

HUMAN
NUTRITION

Terrestrial
macro-
biota

Airborne
dust

Aquatic
biota

Microbiota,
mesobiota

Figure 1.2. Routes of element transfer from soil to human nutrition by the food chain
(author’s work out; after Kabata-Pendias and Mukherjee, 2007)
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Element transfer from environment to food chain via atmospheric deposition is de-
pendent on the size of particulate matter; also chemical composition of particles is im-
portant. Particulate matter containing toxic substances may deposit on the surface of soil,
water and plants. As smaller particles are, as easier they can be absorbed by plants and in-
haled by animals and humans bringing subsequent effects on nutrition and human health
(Allen et al., 2001).

Some authors mention also direct route of element transfer to human nutrition from
soil. Small soil particles may be digested with consumption of unwashed vegetables and
fruits thus increasing the possibility also of airborne particle deposition and admission
into food chain. Rarely observed direct route of element transfer from soil to nutri-
tion is called geophagia or soil eating that can be intentional or in most cases unwitting,
and might be joint with specific cultural traditions or folk-medicine where soil compo-
nents (such as kaolin) are ingested (Abrahams, 2002; Combs, 2005; Kabata-Pendias and
Mukherjee, 2007).

1.2. Contamination sources and natural occurrence of elements in food

Consumer safety is the main reason why food contamination is a question of high im-
portance. Soil contamination and possible subsequent site-specific and vegetation pollu-
tion with potentially toxic elements may occur due to the natural environmental process-
es and anthropogenic activities. Respectively, volcanic releases, atmospheric depositions,
mining and use of chemicals in agricultural practices can be mentioned as well recog-
nized examples. Geochemical anomalies, variable site-specific content of elements in soil,
agrochemical applications, and pollution influence element content and concentration
in plants consumed by humans as foodstuffs resulting in dietary intake of micro- and
macroelements (Hao et al., 2009; Kabata-Pendias, 2004; Kabata-Pendias and Mukherjee,
2007). Background element content of soil is not constant but influenced by natural pro-
cesses in soil and affected also by human impact or anthropogenic factors which mainly
bring moderate diffuse inputs of chemicals into the soil, therefore, concentration of ele-
ments can vary in time (Diez et al., 2009; Kabata-Pendias and Mukherjee, 2007).

Contamination with microelements may be caused by influence of natural environ-
mental impact, environmental pollution, applied agricultural practice in food plant culti-
vation and animal breeding, food manufacturing, processing, packaging and storage that
is discussed in this chapter.

1.2.1. Impact of natural environmental background on the concentration of
elements in food

Micro- and macroelements naturally occur in the all phases of environmental sys-
tems: lithosphere, hydrosphere and atmosphere, but the ambient element concentration
and forms of speciations are very variable and may influence biology and physiology of
plants, animals and humans (Bowman et al., 2003). It is not possible to estimate uni-
tary environmental backgrounds of elements in any of environmental systems all over
the Earth, but, by estimating regional or site-specific environmental background of
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micro- and macroelements it is possible to indicate potential risks for populations in se-
lected areas (Garrett, 2005).

Scientific discipline that investigates impact of environmental conditions on plant,
animal and human health is medical geology (Bowman et al., 2003). C.A. Bowman with
colleagues (2003) stated that in this field of research there can be selected two main in-
vestigation trends that are based on the variability of element sources in the environment:
a) natural occurrence of elements in the environment — mostly connected with investi-
gation of regional or site-specific geological background that can influence local popula-
tions via food chain; b) occurrence of elements by impact of environmental hazards, e.g.,
influence of volcanic eruptions, flooding, landslides.

Naturally occurring micro- and macroelements in the soil-plant transfer generally are
originated from mineral material of soil that become available for plants after weathering
of soil or other processes in the soil system. Element behaviour can differ: some elements
circulate from deeper layers of soil, while other elements are concentrated in the soil sur-
face (Steinnes, 2009).

The majority of elements are naturally occurring in the environment. Soil erosion and
volcanic eruptions can be mentioned as the main release sources of elements globally.
However, soil can be assessed as the basic matrix of elements from where it can reach
food via food chain and water. Although almost all elements are detectable in soils of
different regions of the world, several elements can be brought forward. The main at-
tention should be paid to the absence or excessive presence of essential elements (e.g.,
I, Se) in soil and, consequently, in plants and food of the certain area. Another very im-
portant group involves the presence of toxic and potentially toxic elements (e.g., As) in
soil. Among the elements that have been recognized worldwide as potential food chain
affectors As, F, Fe, I and Se can be listed (Abrahams, 2002).

Occurrence of several essential elements is tightly connected with the geological back-
ground. For example, Mn is predominant element of silicate rocks, Zn and Se is found in
silicates and sulphides; Cu and Mo are constituents of sulphides or can be found as basic
elements together with Fe, while Fe can be found as well as in sulphides and silicates, as na-
tive metal, and it is one of the most abundant elements in the Earth’s crust (Combs, 2005).

Elements in soils can be located in various ways: a) lithogenic — natural occurrence from
parent material of lithosphere; b) pedogenic - depending from lithogenic sources but influ-
enced by soil forming processes; ¢) anthropogenic — element settling in soils or on their sur-
face after the anthropogenic activities (Gilucis, 2007; Kabata-Pendias and Mukherjee, 2007).

A. Kabata-Pendias and A.B. Mukherjee (2007) stated that mutual interactions exist
within micro- and macroelements in soil, and elements can be characterized by antag-
onistic and synergistic nature. The main element relationships in soils can be assessed
in-between elements as follows:

= Caand B, Ba, Cd, Co, Cr, Cs, Li, Mn, Ni, Pb, Sr, Zn;

= Pand As, Cr, Hg, Mo, Mn, Ni, Pb, Rb, Se, Zn;

= Mg and Cr, Mn, Zn, Ni, Co, Cu;

=  Fe and Co, Ni, Mn, Mo, Cr, Zn;

= Mn and As, Cr, Cu, Mo, Ni, V, Zn;

= Cu and Mo;

* Cdand Zn.



24

These interactions of elements are closely connected with sorption processes by soil
particles and are giving important impact for system of plant root nutrition. However,
influence of soil constituents should be assessed within the interconnections in whole
environment: soil-atmosphere, soil-hydrosphere, soil-biosphere (Abrahams, 2002).

Element occurrence in soil is dependent on character of element mobility, e.g., some
elements in soils are more mobile while others are immobile. It differs by the composition
of soil layers vertically, i.e., element concentration in deeper soil layers is not equal with
the top soil layers and several elements are tended to be transferred from deeper soil lay-
ers to the top. Plant growth with its function to uptake elements from deeper soil layers
to the top layers works as natural plant pump of elements. That can result in the rise of
certain element concentration in the surface layers of soil, if compared with deeper layers.
This is particularly evident for plant nutrients such as K, Ca, Mn, and Zn, but may also
explain surface enrichment of other elements readily absorbed by some plants such as Ba,
Cd, Cs and Rb (Steinnes, 2009).

It is important to assess the natural environment as the unitary system soil-water-air.
Within the almost all processes of living systems water takes the role of a fundamental
solvent and the most important bearer of micro- and macroelements. However, chemi-
cal composition of water cannot be estimated just by itself due to the tight environmen-
tal system soil-water-air. Hydrosphere consist of surface waters of the Earth, including
oceans and seas, rivers and streams, lakes and ponds, where oceans and seas compose
about 98 % of all the water mass. In case of waters, instead of the term micro- and macro-
elements, the expression micro- and macroconstituents should be used. Natural waters
contain dissolved ions of such elements as Na*, K*, Mg", Ca*, CI', SO,*, HCO, which can
be adsorbed by organic or inorganic colloidal particles (Kabata-Pendias and Mukherjee,
2007).

All established sources of dispersion of micro- and macroelements in the air or, on
a larger scale, in the atmosphere, can be split in two to globally important sets: natural
sources of elements and anthropogenic sources of elements. Such environmental process-
es as terrestrial, volcanic, meteoric outflows as well as soil erosion dusts spread by surface
winds, forest fires or marine water aerosols are assessed as natural sources of elements,
while anthropogenic sources of elements in atmosphere involve exhaustion of fumes from
fuel and coal combustion, outflows from industry and agriculture. Although, anthropo-
genic influence on air composition is undoubted, also natural element input is estimated
as noteworthy, e.g., more than 50 % of Cr, Mn and V and more than 20 % of Cu, Mo, Ni,
Pb, Sb, Zn in air comes from natural sources. Volcanic outflows may contribute up to
20 % from As, Cd, Cr, Cu, Hg, Ni, Pb and Sb in air, but wave influence in the world ocean
may release about 10 % from total emissions of metallic elements in atmosphere (Allen et
al., 2001; Kabata-Pendias and Mukherjee, 2007).

Typical element condition in the atmosphere is their connection with particulate mat-
ter, except for Hg which mostly appears in gaseous form. In the air micro- and macroele-
ments are absorbed by particles of solid matter suspended in a gas or liquid with average
size of 0.01-100 pm. Particle size largely is liable for the element distribution on a global
scale in the atmosphere — as particles are smaller as they may stay in the atmosphere for
longer time, and they can be spread further from the point of source (Kabata-Pendias
and Mukherjee, 2007). Chemical composition of particulate matter and size of individual
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particles plays significant role in potential impacts on human health as well as on over-
all conditions in the environment and vegetation where they are deposited (Allen et al.,
2001). Atmospheric aerosols, that are suspensions of liquid or solid particles in gas, also
can have variable chemical composition due to their generation mode: direct inflows of
particles in the atmosphere originate primary aerosols but transformation of inorgan-
ic or organic gaseous substances in the atmosphere originate secondary aerosols; both
types of them can be transported into troposphere and stratosphere for a long distances.
Investigation of the content of atmospheric aerosols discovers the highest concentration
of elements close to ground level that verifies the assumption that the main sources of air
pollution comes from the earth surface. Concentration of almost all elements diminishes
rapidly at altitude of 1 km, thereby indicating borders for vertical distribution of elements
in the atmosphere (Braziewitzs et al., 2004).

However, elements dispersed in the air are exposed to the global circulation with
the tendency to return to the Earth surface ecosystems by depositing on the soil and
vegetation. Deposition of the atmosphere is the main pathway of metal circulation in
the environment, even in areas with slight or none industrial activities (Allen et al.,
2001).

As geological structure, particularly, soil is the main source of minerals, it can be
assessed that geographically local element availability for humans and animals is de-
pendent on the element concentration available in soil for plants and released in water
which is used for drinking and cooking that can influence geographical distribution of
element excess or absence in nutrition. Insufficient presence of elements in soils can
occur due to naturally low mineral contents in soil (e.g., for I, Se), inefficient element
uptake by crops (e.g., in case of Zn deficiency in areas with calcareous soils), exces-
sive element uptake by plants (e.g., for Mo promoted by neutral-alkaline conditions in
poorly drained soils) or excessive leaching of elements (e.g., for I, Zn). Anyway, there
are still recognized certain regions with element deficiency in nutrition for such ele-
ments as B, Cu, Co F, Fe, I, Mo, Mn, Se, Zn (Abrahams, 2002; Combs, 2005). For sev-
eral elements the risk areas worldwide are well recognized, e.g., Mo enriched regions
in are in Armenia, but Mo deficiency is detected in South Africa that has influenced
element concentration in locally cultivated crops such as maize, beans, pumpkins. But
deficiency of Zn due to its limited uptake can be expected in areas with calcareous soils
and leached arenaceous soils with naturally low Zn concentration (Abrahams, 2002).
North Europe, including the territory of Latvia, is known as Se deficient area while
in several regions in China naturally excessive Se concentration in soils and crops is
discovered (Navarro-Alarcon and Cabrera-Vique, 2008; Zegnere and Alsina, 2008).
Nowadays, along with the globalisation processes, in many societies food has not been
derived (cultivated, bred, produced) at the habitation area, thus decreasing the regional
or site-specific impact of element content on human nutrition.

The quality of human health, welfare and life in a great extent is dependent on the
quality of food consumed daily as well as influenced by conditions of the surrounding
environment. Soil, water and air are the essential units of the unitary global ecosystem and
are the basic matters of the life on the Earth. Chemical content of soil, water and air is not
constant and varies widely due to the different global and regional factors, e.g., climate
zone and seasonal conditions, geochemical background, hydrological cycles, pollution rate.
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1.2.2. Agricultural impact on the concentration of elements in food

Agroecosystem is the environment changed by human activities through the agri-
cultural practice. Widely applied soil fertilizers and ameliorants usually contain impu-
rity of microelements and may affect concentration of elements in soil in a great extent.
Continuous use of these substances may lead to significant changes of soil chemical,
physical and biological character that can be irreversible or reversible in long time period
only. It is common that agriculture intensifies the weathering of soil that can result in the
changes of the quantitative concentration of elements involved in mobile chemical forms
that can intensify biogeochemical processes. This is assessed positively due to the increase
of bioavailability of essential elements for crops; however, accumulation of potentially
toxic elements also may occur (Kapmosa, 2005).

Soil always has been estimated as a valuable resource for humans with one of its main
function - food and feed producing and supply for living organisms. Therefore, it can be
assessed that soil is also the main source of micro- and macroelements for plants, animals
and humans and at the same time soil can be a transmitter of hazardous pollutants, i.e.,
toxic or possibly toxic elements (Kabata-Pendias and Mukherjee, 2007). Nowadays, with
the fast increase of the world’s population the serious future problems may arise in con-
nection with over-exploitation of soil in agriculture that can result in exhaustion of soil
resources. As soil is the main source of nutrient elements for plants subsequently used as
human food or animal feed, the impact of agricultural practice on element content and
concentration in food is of high concern.

Elements that are basic microelements in agricultural and crop sciences are B, Cu,
Co, I, Mn, Mo, and Zn (Kapnosa, 2005). In agricultural areas as well as in areas used for
agriculture in the past, natural soil composition can be transformed by frequent applica-
tions of fertilizers and other agrochemicals. Use of mineral fertilizers may lead to higher
concentration of Sr and F in soils, but application of organic fertilizers conveys significant
amounts of As, Cu, Ni and Zn into the soils. Phosphorous fertilizers are the ones that
substantially may affect soil element concentration by input of such elements as As, Cd,
Cr, E Nij, Pb, Sr and Zn (Kapmosa, 2005).

Apart from the food chain contamination that may occur as a consequences of exces-
sive transfer of metallic elements or metalloids from soils to edible plants, environmental
effects such as extinction of vegetation cover induced by plant intoxication can also occur
(Kabata-Pendias, 2004; Ka6ara-Ilenmuac, 2005).

Transfer of metallic elements and metalloids from use of agrochemicals, fertilizers
and sewage sludge in agriculture can be detected. For example, fungicides containing
Cu applied in grape plantations may lead to wine contamination, use of some antifungal
seed dressings may result in food contamination by organic Hg, but lead arsenate used
as insecticide in orchards can contaminate fruits and their products with As in high lev-
els. Sewage sludge can be applied as soil fertilizer, but in many cases they contain high
concentration of Cd, Cu, Fe, Pb, Zn that can be transferred from soil to plants and food
(Reilly, 2007). Application of fertilizers on agricultural soils is one of the main sources
of nutrient element input in soils with subsequent transfer into biota. Long-term use of
fertilizers should be deliberated due to prospective soil contamination with such element
as As, Cd and Pb from phosphorous fertilizers (Jiao et al., 2012).
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Among mineral based fertilizers phosphorous fertilizers are the richest in microele-
ments. Potassium and nitrogen fertilizers contain low amounts of impurities — the highest
amount is attributed to Mn, but low concentration of Ni and Pb can be detected, while
As, Cd and Co are in negligible concentration. Phosphorous fertilizers contain significant
amount of F and Sr as well as may contain such elements as As, Cd, Cr, Ni, Pb, and Zn.
Microelement concentration in organic fertilizers varies widely, but it can influence input
of As, Cd, Cu, Mn, Ni, Pb (Kapmosa, 2005).

Development of agriculture can increase the microelement concentration in grown
food crops that is mainly attributed to cereal grains and edible seeds cultivated by dif-
ferent approaches (Welch and Graham, 2005). The main of them are summarized in
Table 1.5.

Table 1.5
Influence of agricultural approach on food composition
(after Welch and Graham, 2005)

Approach Objective Effect on food composition

Identification of soil type,
element content and
concentration in soil, and
element bioavailability
assessment

Crop field
selection

= Increased uptake of essential elements
(e.g., Se, Zn) by food crops

= Impact on levels of macroelements
Application of macronutrient (e.g., Ca, K, Mg,Na, N, P, 5)
fertilizers = Input of potentially toxic elements
(e.g., Cd, Hg, Pb)
= Impact on levels of microelements
= Effective for Cl, I, Li, Mo, Ni, Se, Zn
= Limited effectiveness for B, Cu, Cr, Fe, Mn, V
Agricultural  Diversity of cropping system = Selection of micronutrient-dense varieties
practice Utilization of
micronutrient-rich food crops

Application method of
micronutrient fertilizers

* Microelement recycling

= Improvement of micronutrient concentration
and bioavailability in food crops by breeding
for increased levels of promoter substances

= Improvement of micronutrient concentration
and bioavailability in food crops by breeding
for decreased levels of inhibitor substances

Genetic crop modification

Element variability differs in both, vertical and horizontal scaling and, as it was al-
ready mentioned before, is influenced not only by natural soil geochemical circulation
but also is seriously affected by other factors. Soil fertilization, that is a common agricul-
tural practice, may cause enrichment of soils with elements in excessive concentration
that can reach exaggerated amounts of certain elements, e.g., from 700 to >10 000 mg/kg
of Al, 100-320 000 mg/kg of Ca, <0.1-2.5 mg/kg of Ge and <0.1-4.3 mg/kg of Se (Reilly,
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2007). However, some authors do not equitable the terms soil pollution and soil contam-
ination and propose definition that soil contaminated with microelements may not be
deemed as polluted soil unless a threshold concentration can be estimated that negatively
affects biochemical and biological processes (Kabata-Pendias and Mukherjee, 2007).

Significant inputs of elements in soils can be achieved with applications of alternative
soil fertilizing compounds such as sewage sludge or fly ash. The use of fly ash in agricul-
ture fields due its alkaline nature can decrease plant uptake of metallic elements such as
Cd, Cu, Cr, Fe, Mn and Zn. High concentration of such elements as Ca, Fe, K, Mg Na, Zn
in fly ash composition may increase the yield of agricultural crops. However, tendency of
unweathered fly ash to accumulate several elements (e.g., Al, B, Mo, Se) may lead to plant
toxicity; subsequent food contamination is recognized to occur and this is the reason of
the limited use of fly ash in agriculture (Basu et al., 2009).

Nowadays the problem of possible health hazards caused by consumption of con-
taminated food plants has been recognized not only for agricultural production but also
concerning allotment or community gardens. Increasing urbanization constrains the for-
mation of family gardens or domestic farms at sites that have been polluted by industry
in the past or that are under the influence of daily urban contamination such as construc-
tion dust or traffic exhaust (Alexander et al., 2006; Wunderlich et al., 2011). Vegetables
and fruits grown in such conditions mostly are consumed long term by small groups of
people and therefore potential health impacts still are not considered important within
the communities.

1.2.3. Environmental pollution as a source of potentially toxic elements in food

The main environmental pollution sources of trace inorganic pollutants are industry,
mining and smelting, brick, pipe, cement, ceramic, glass manufacture, chemical plants,
power generation, combustion of fossil fuels and municipal wastes, nuclear reactions, ag-
ricultural activities, transport and urban pollution. It has been estimated that the most
hazardous elements for the biosphere are Ag, Au, Cd, Cr, Cu, Hg, Pb, Sb, Tl and Zn,
while among the least hazardous elements Ga, La, Nb, Sr, Ta and Zr are ranked (Kabata-
Pendias and Mukherjee, 2007).

However, pollution induced by industry, traffic or other anthropogenic activities
recently is significant source of elements that revert to ecosystems. Elements with nat-
ural origination as well as elements from anthropogenic sources are circulating in the
biosphere and are involved in biogeochemical cycles apart from the site of their origin
(Voutsa et al., 1996).

It is verified by experiments that dust outflows from industrial or urban areas influ-
ence the concentration of chemical elements on foliage surface significantly. Dust may
contain high amounts of Al, Ba, Fe, Mn and Pb, revealing that accumulation of ele-
ments is dependent on the intensity of traffic and the air quality in urban areas (Simon
et al,, 2011). On the contrary, investigating roots of plants grown in an industrial area it
was detected that most element concentration detected in vegetables was not above the
admissible levels. Just some elements, such as Cr, Mn, Pb and Zn appeared in high lev-
els in vegetable leaves that was also verified by analysis of particulate matter. There are
wide distinctions between the composition of vegetables, soil and air. The concentration
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of elements in vegetable roots and vegetable leaves was found to be related solely to a
soil or an atmospheric input of each element, except for Cu and Mn in roots that ap-
peared to receive additive contributions from both sources. The best relationships were
found between Cd in vegetable roots and soil Cd as well as between Cd in vegetable
leaves and atmospheric Cd. Highest accumulation due to atmospheric deposition was
found for Pb in lettuce, and for Cr and Cd in the leafy vegetables. Root vegetables were
found to accumulate soil Cd much more efficiently than other microelements (Voutsa
et al., 1996).

Such elements as As, Be, Co, Cr, Cu, Hg, Mo, Mn, Ni, Sb, Se, V and Zn principally
enter the atmosphere from fossil fuel combustion processes but largest worldwide emitter
of As, Cd, Cu, Ni and Zn is metallurgical industry. Gasoline and diesel that are the most
popular fuels used by motor vehicles make regular emissions of Cd, Cu, Fe, Ni, Pb and
Zn into air in various amounts (Allen et al., 2001).

Quantitative analysis of particulate matter can be used not only for the assessment
of air pollution but also for estimation of the risks that may arise from possible element
contamination for humans, animals and plants. There are several microelements, e.g., Cd,
Hg, Pb, that are toxic for living organisms even in very low concentration therefore par-
ticulate matter containing traces of these elements can be hazardous within environmen-
tal systems. It has been discovered that ultra small particles (<100 nm) has significantly
higher value of toxicity than particles of larger size, and toxicological effects extends if
particles are smaller (Meresova et al., 2008).

Dispersion of elements in the air has a seasonal fluctuation, for example, for such
elements as Al, Ca, Ti, Mn, Ba and U, considered as originated from soil, seasonality can
be observed if analyzing atmospheric particulate matter. It was detected that higher con-
centration of these elements appears in spring and summer season that can be influenced
by the vertical mixing of the troposphere when warmer layers of air are rising from the
surface of earth inducing resuspension processes. On the contrary, elements disposed by
coal combustion, such as As, Se, V, Cd, appear in the atmosphere in higher concentration
during winter season (Meresova et al., 2008).

Food contamination is important issue within the assessment of food safety. Several
pollutants entering food chain via environmental pollution are found in food, for ex-
ample, pesticides, organochlorine compounds such as polychlorinated biphenyls (PCBs),
potentially toxic metals (e.g., As, Cd, Hg, Pb) are among the most concerning compounds
(Khan et al., 2008; Koplik et al., 2004; Sharma et al., 2008; Villalobos et al., 2009).

Environmental pollution impact on the concentration of elements in food has been
studied in industrial and urban areas where locally grown or breed food has obvious
contact with potential contaminants. Release of metallic elements and metalloids from
outflows of manufactures and mining areas as well as transport exhausts, are well known
sources of environmental pollutants.

In relation to environmental research, food analysis can be a useful tool for the po-
tential 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 Pb, Cd,
Cu, and by organic chemicals. The pollutants can easily enter the food chain, and animals
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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 (Eggen et al., 2011; Samsoe-Petersen et al., 2002; Wunderlich et al., 2011).

E-S. Zhang with colleagues (2001) has investigated the impact of applications of dif-
ferent waste ashes on rare element concentration in agricultural soils. The study revealed
that sewage sludge ashes and incinerator bottom ashes may lead to Eu, Sc and Sm accu-
mulation in soils with subsequent plant phytotoxicity.

Industrial pollution is well known contamination source with potentially toxic met-
als. The soils and waters in areas near industrial sites or ores are under the highest risk.
Several cases has shown food crop contamination with such elements as Cd, Pb, Zn from
leaching wastewaters as well from use of wastewater in irrigation of agricultural fields.
High levels of Cd has been found in rice in Japan and in vegetables in UK, Hg in tissues
of domestic animals in Brazil, As in vegetables in Urals, in Russia that have been grown
near industrially active areas (Reilly, 2007).

Nowadays the problem of possible human health hazards by consumption of contam-
inated food crops has been recognized not only for agricultural production but also con-
cerning allotment or community gardens. Increase of urbanization constrains the set up
of family gardens at sites that have been polluted by industry in the past or those under
the influence of daily urban contamination such as construction dust or traffic exhausts
(Alexander et al., 2006; Wunderlich et al., 2011).

1.2.4. Impact of food processing on element concentration in food

Impact of food processing on food quality and composition has been established con-
cerning several nutritional constituents as vitamins, antioxidants, proteins or in favour
of organoleptic values such as taste, colour or smell (e.g., Awuah et al., 2007; Dewettinck
et al., 2008; Odriozola-Serrano et al., 2013; Pingret et al., 2013). However, impact of pro-
cessing on the element content and concentration in food has been studied quite frag-
mentary mainly due to the fact that assessment of processing is complicated issue affected
by many factors. Food is not homogeneous and therefore has to be brought under dif-
ferent processing conditions that are specific for various product groups, starting from
cutting and milling of vegetables and cereals up to cooking and fermentation of meat and
milk products.

Harvesting of food crops and processing of food of animal or plant origin can induce
food contamination through contact with equipment or substances used. For example,
fish and meat products can become exposed to painted or varnished surfaces. Processing
of food can be done in various ways, e.g., fermentation, sterilisation, drying, chemical
preservation depending on the hygiene and processing requirements. The most common
material of food contact surfaces is stainless steel; however, other contacting surface ma-
terials can come into contact with food, such as acryl-based coatings on the walls, polyes-
ter or epoxy-based powder coating products on metal substrates, epoxy or polyurethane
coatings on the floors, polytetrafluoroethylene (PTFE) coated standard conveyor systems
(Forrest, 2009). Transfer of metallic elements and metalloids from processing equipment
during food and beverages canning (Pb), from using cooking utensils (Cu, Pb) and ce-
ramic ware (mainly Pb) as well from plastics and other wrapping materials (Cd, Co, Cr,
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Hg, Pb) has been detected. Even use of certain detergents in cleaning of food processing
equipment may lead to leaching of As, Cd, Hg and Pb from utensils made from stainless
steel (Reilly, 2007).

Mineral content is inherent in natural foodstuffs. Apart being an substantial part of
many enzymes, micro- and macroelement presence play important role in food pro-
cessing, for example, in fermentation producing alcoholic beverages, fermented dairy
products and meat aging. Processing as well may decrease element concentration in food
and therefore food fortification with certain elements (e.g., Ca, Fe, Mg, Se) is practised
frequently. Compounds used as dietary supplements or food additives with antimicro-
bial, sequestrant, antioxidant, flavour enhancing and leavening, texturizing, and buffer-
ing properties contain metallic cations that can change natural element balance in food
(Karley and White, 2009; Nabrzyski, 2007).

K. Dewettinck and colleagues (2008) has investigated the impact of processing on
food nutrient content. It was found that production of bread during the grain transforma-
tion processes involving milling, mixing, fermentation and temperature influence leads to
loss of vitamins. However, use of different techniques of processing may result in decrease
or increase of the levels of bioactive compounds as well as their bioavailability can be
modified.

Another study done by F. Cheli with colleagues (2010) affirmed the influence of in-
dustrial milling of cereals such as wheat on Cd and Pb distribution in derived milling
fractions. Distinctions were detected, for example, the fraction of cereals remaining for
use in animal feed (shorts (middlings) and wheat-flour short) contained higher concen-
tration of Cd and Pb, while fractions supposed for food production contained lower lev-
els of these metals. It was also detected that debranning milling lead to significantly high-
er levels of contaminants than application of conventional milling, especially, in derived
wheat by-products.

Also domestic food processing can influence element concentration in food. For ex-
ample, milling of grains can reduce concentration of Ca, Fe, P and Zn, but fermentation
of grain product increases bioavailability of Ca, Fe, P and Zn; cooking and storage over
6 months of fortified blended food reduces microelement concentration (Callanan, 2000).

Although historical facts confirm possibility of extremely high food pollution by Pb in
the past from ceramic kitchen ware with lead enamel, dishes from zinc containing high
impurity of lead, also nowadays there still certain risks remain of possible food contami-
nation with potentially toxic elements (Baltes, 1998).

1.2.5. Food contamination from storage and packaging materials

The metals predominantly used in food packaging are aluminium and steel. Al is used
to make cans, foil, for lamination of paper and plastics. Mg or Mn are often added to
aluminium to improve its properties. Al is highly resistant to most forms of corrosion, its
natural coating of Al oxide provides highly effective barrier to the effects of air, odours,
temperature, light, moisture, microorganisms and chemical attack. Another metal wide-
ly used in food packaging materials is tinplate is produced from low-carbon steel coat-
ed with thin layers of Sn from both sides. Depending on manufacturing process, there
are hot-dipped tinplate and electrolytic tinplate. Tin provides steel with some corrosion
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resistance, but for more protection tinplate containers are often lacquered to provide inert
barrier between metal and the food. Commonly used lacquers are materials in the epoxy
phenolic and oleoresinous groups and vinyl resins. Also tin-free steel known as electro-
lytic chromium or chrome oxide coated steel is used in food packaging materials (Forrest,
2009; Rial-Otero et al., 2009).

Food storage and packaging materials can influence not only food organoleptic and
nutritional values but also may lead to food contamination if inappropriate materials are
used and may lead to long term adverse health effects. For example, Al and Sn are widely
used in cans for food storage as metals of low impact on human health. However, recent
research studies suggest correlations between ingested Al and Alzheimer’s disease devel-
opment. It is detected that despite high Al resistance it can leach from the material of
cans, cookware or other kitchen utensils to food (Joshi et al., 2003).

Tin-lined cans used to package food constitute the most important contribution to tin
transfer into human nutrition. Organotin compounds exposure may occur by the inges-
tion of seafood and contact with consumer products that contain organotin compounds.
Household commodities made from polyurethane, plastic polymers, and silicon contains
butyltin concentration in ppm range. Mono- and dimethyltin and mono- and dibutyltin
compounds have been detected in drinking water where PVC polyvinyl chloride pipes
are used in the distribution of drinking water (ATSDR, s.a.).

Apart from the use of metals, other traditionally used materials for food packaging are
glass, wide variety of plastics and paper with different coatings. Paper and paperboard are
sheet materials made from an interlaced network of cellulose fibres derived from wood by
using sulphate and sulphite with possible application of chemical bleaching. Commonly
used in corrugated boxes, milk cartons, folding cartons, bags and sacks and wrapping
paper. Packaging materials and systems for food storage contain many substances which
can migrate to food during processing and storage. However, the major concern regard-
ing safety of food-contact materials is that the effects of prolonged exposure in humans
are still poorly known (Rial-Otero et al., 2009).

Information of food packaging materials and possible leaching of elements is summa-
rized in Table 1.6.

1.3. Bioavailability of elements

Bioavailability is the amount of a nutrient that is potentially available for absorption
from a matrix (e.g., from soil for crops or from food for humans) and when absorbed,
utilizable for metabolic processes in the organism (Welch and Graham, 2005). Total
content of elements is value that can characterise certain matrix, e.g., soil, plant or pro-
cessed food, in general. Detailed information about the bioavailability of elements can be
achieved if it is known in what chemical compounds they are involved. The investigation
of element bioavailability is complicated interdisciplinary issue dependent on chemical,
environmental, nutritional, physiological and epidemiological impacts that in many cases
is still in the level of suggestions and assumptions even it has been investigated for dec-
ades. This chapter discusses the most relevant viewpoints of element bioavailability in
food chain soil-plant-human.



33

Table 1.6
Food packaging materials and possible element leaching into food
(after Conti, 2007; Conti, 1997; Forrest, 2009; Rial-Otero et al., 2009)

Properties leading to food Elements of

. Use in contact with food
contamination concern

Material

= Low risk of contamination only

. . . Bottles, jars mainly used
Glass if raw material contain meFals Pb, B for liquid food, kitchen
= Rare impact by food chemical o
utensils, dishes

character (e.g., pH)

Cans, laminates, metalizes

Metals = Corrosion Al Cr, Cu, Fe, films used for liquid food
= Migration from coatings Ni, Sn, Zn and powdered food, kitchen
utensils
Epoxy/phenolic
resins, polypropylene,
= Migration of components polystyrole, polyethilene,
Plastics to food, especially due poor Cd, Pb polyvinilchloride etc. used
thermal stability for miscellaneous food,
kitchen utensils, disposable
dishes
= Very hygroscopic
) . Paper and paperboard
= Poor barrier properties lead boxes, wrappings used
Paper to food contamination from Cd, Cr, Pb §

predominantly for dry food

environment
and for short term storage

= Not usable for liquid contact

1.3.1. Element bioavailability in soil-plant system

Microelements can be taken up by plants if they are present in the soil as soluble
ions in the forms of organic or inorganic complexes. In addition, not only concentra-
tion of ions but also type and chemical character of complexes formed are important in
case of plant ability to accumulate potentially toxic elements (Inaba and Takenaka, 2005).
Depending on plant capacity to transfer and accumulate elements in a higher or lower
extent, a relative classification can be applied as follows: a) hyperaccumulators: plants that
can accumulate high concentration of elements in their vegetative parts; b) accumulators:
plants that tend to accumulate elements in their vegetative parts; c) indicators: plants that
are able to take up elements and to reflect the ambient environmental content of these
elements; d) excluders: plants that do not tend to take up and accumulate elements from
contaminated environments (Gardea-Torresdey et al., 2005; Peralta-Videa et al., 2009).
However, such properties of plants are widely studied for phytoremediation purposes at
contaminated sites with polluted soil but less has been attributed to the investigation of
capacity of metals’ accumulation in food crops.

Bioavailability of elements for plants in a great extent is dependent not only on chem-
ical properties of elements but also on soil composition and properties, among them pH,
organic matter content can be mentioned.
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1.3.2. Bioavailability of elements from food to human organism

Micro- and macroelements reaching human body can be absorbed by three pathways:
a) gastrointestinal tract — element absorption from food, water, food supplements, drugs,
soil, particular matter, atmospheric aerosols; b) respiratory system - element absorp-
tion from particular matter, atmospheric aerosols, gases; ¢) skin - element absorption
from soil, water, atmospheric aerosols, gases, chemical substances (Kabata-Pendias and
Mukherjee, 2007).

Depending on the mechanism of intake, ingestion, inhalation or dermal absorption,
elements must pass through a series of organs before entering the blood stream. Ingested
particles pass through the gastrointestinal tract, inhaled particles pass through the res-
piratory system and dermally absorbed elements enter directly into the blood stream. The
intake of an element also dictates how much the body will absorb, for example only 6 %
of ingested Cd is absorbed in contrast to 50 % of inhaled Cd. It accumulates in adrenal
pericarp possibly binding with proteins. Elimination half-life period for cadmium is very
long - 10 to 30 years, therefore contamination by high doses of cadmium can result in
chronic intoxication (Baltes, 1998; Bowman et al., 2003). Absorption of ingested metallic
mercury is very minimal (about 0.01 %), while organic mercury is absorbed from gastro-
intestinal tract up to 90 % of uptaken dose. Absorption of inorganic mercury is medium,
7-15 % (Liguts, 2001). Human body can absorb 5-10 % of uptaken amount of lead which
is tended to accumulate in bone tissues and viscera. Accumulation of lead for humans is
very dangerous due to the possible release of element in human body (Baltes, 1998).

Low element concentration in environment (soil and water) is not the only one rea-
son for element deficiency in human nutrition. Important issue is the chemical form of
element. For example, nowadays the Zn deficiency has been recognized in developing
countries where local food contains Zn of low bioavailability. Other element, such as Fe,
bioavailability can be affected by presence of phytate that is a plant substance and also by
antagonist elements such as Co, Cu, Zn and Mn. Bioavailability of Zn also can be reduced
by antagonism with phytates, Ca, Cu, Fe, Ni and P (Abrahams, 2002).

Bioavailability of elements is dependent on element chemical form, the composition
of diet and health situation of the individuals. The data of concentration of micro- and
macroelements in food can give important information about dietary habits of special
group, health situation of individuals and origin of elements. Therefore, it is important
to determine the daily dietary intake of microelements, their concentration and sourc-
es. Functions of microelements - as structural material, e.g., Fe is part of haemoglobin,
Ca, P and other elements constitute a significant part of mass of teeth and bones, Na, K,
phosphate, sulphate, chloride — constituents of fluids inside and outside body cells. Other
function - regulation of biological activities — Ca for normal blood clotting, Mg stimu-
lates activity of many enzymes etc. (Aras and Ataman, 2006).

Determination of total content of elements in a matrix is a tool to assess the overall
understanding about the element amounts but deeper investigation is needed for the as-
sessment of bioavailability of elements. The investigation of bioavailability is a complex
set of mutual factors; schematic overview of a model of the complexity of element bio-
availability from food of plant origin is shown in Figure 1.3.

The research of element bioavailability has been performed on staple food crops such
as rice, wheat, maize, beans and cassava (Welch and Graham, 2005). It is too complicated
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Figure 1.3. Model of the impacts on element bioavailability from food of plant origin
(author’s work out, after Welch and Graham, 2005)

to do complex investigation of the bioavailability of various elements at the same time;
therefore, the basic target is to understand the overall principles and to create example
models. More deep studies of element bioavailability from food crops have been studied
concerning Ca and Fe on an in vitro Caco-2 cell model (Viadel et al., 2006). This model
has been adopted also for determination of Zn bioavailability from food crops using such
protein as metallothionein (Welch and Graham, 2005).

Zn absorption is lower for vegetarians than for those eating non-vegetarian diet.
Therefore, it has been suggested that the zinc requirement for vegetarians is approximate-
ly 2-fold greater than for those consuming a non-vegetarian diet (IOM, s.a.).

Poor bioavailability is one of the reasons of dietary deficiency in humans. It can be
attributed to such element as Zn and can be connected with phytate presence in food of
plant origin such as unrefined cereals and legumes. It is also connected with Mg and K
salts. Phytate tends to make strong chelated with metal ions, especially Zn, but also Fe
and Ca and as a result insoluble complex compounds are derived that cannot be absorbed
through gastro-intestinal tract of humans due to absence of intestinal phytate enzymes.
High concentration of Ca may lead to even more insoluble complex formation such as
Ca-Zn-phytate complex. Where Zn deficiency has been observed, also Fe deficiency is
common, because these metals have similar distribution in nutritional sources and their
bioavailability can be affected similarly (Abebe et al., 2007).

Several metallic elements (e.g., Ca, Cu, Fe, K, Mg, Mn, Na, Zn) function in cationic
forms that allow them to be involved in chelation processes in contact with proteins or
small organic molecules. Besides insoluble chelates (with phytic acid or oxalic acid) that
cannot be assimilated in human organism, there are several chelates that are of high im-
portance in metabolism. Here can be mentioned haemoglobin and myoglobin where Fe
is chelated. Other chelates, such as amino acids, EDTA promote transportation, absorp-
tion and storage of mineral ions (Combs, 2005).
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For such metallic element cations as Cu** and Zn?** enteric absorption is very im-
portant. For mineral elements that tend to be highly absorbed (e.g., Se, B), homeostasis
is achieved by control at the level of excretion, i.e., through the urine, bile, sweat, and
breath. In the case of iron, access to active forms is regulated by altering the storage of the
element in an inactive form, e.g., ferritin (Combs, 2005).

For several nutrients only a portion of the ingested amount is absorbed and utilized
metabolically. Therefore, it is necessary to consider this when evaluating the nutritional
adequacy of foods and diets. This concept, bioavailability, is particularly important in
mineral nutrition, because some foods are less useful sources of essential minerals than
might be expected from their absolute mineral content (Combs, 2005).

Micro- and macroelement bioavailability depends on both physiological and exoge-
nous factors. Physiological determinants of element bioavailability include: a) age-related
declines in the efficiency of enteric absorption of Cu and Zn; b) early postnatal lack of reg-
ulation of absorption of Cr, Fe, Zn; c) adaptive increases in the absorptive efficiencies of Cu,
Cr, Fe Mn and Zn by receptor upregulation during periods of deficiency; d) dependence on
other nutrients for the physiological functions of Se and I in thyroid hormone metabolism,
and Cu and Fe in catecholamine metabolism; e) anabolic effects on tissue sequestration of
Zn and Se; f) catabolic effects on Cr, Se and Zn losses (ATSDR, s.a.; Combs, 2005).

The ability of human body to absorb and utilize certain micro- and macroelement
from food depends on several factors: I) the form of the element in food, e.g., Fe from
meat (haem iron) can be more easily absorbed than Fe contained in plant foods (non-
haem iron); II) other components of the nutrition, which either enhance or inhibit ele-
ment absorption, e.g., the absorption of Fe from plant foods is enhanced by eating food
with high concentration of vitamin C like oranges or tomatoes, but inhibited by com-
pounds such as tannin (present in tea) and phytate (present in cereals); III) human health
or specific diseases, i.e., several diseases adversely affect the ability of organism to absorb
nutrients; e.g., persistent diarrhoea prohibits absorption of both micro- and macronutri-
ents, including chemical elements; IV) food preparation or processing methods that can
enhance the availability of micronutrients (Callanan, 2000).

Element bioavailability from oral intake and related factors for humans are summa-
rized in Appendix IV.

1.4. Recent studies in Latvia - micro- and macroelement analysis

The assessment of recent research studies of element concentration investigation in
Latvia was based on the information available in the main international scientific data-
bases Scopus, Science Direct, Springer Link and ISI Web of Knowledge for the time period
2000-2013.

Element content in environmental and biological samples has been studied by
G. Cekstere with colleagues who analysed chemical composition of Riga street green-
ery, particularly, leaves of lime trees and environmental impacts on element content
(Cekstere, 2011; Cekstere and Osvalde, 2013; Cekstere and Osvalde, 2010a; Cekstere and
Osvalde, 2010b; Cekstere et al., 2008). Air pollution and element content interactions in
mosses in Latvia have been studied under the guidance of professor O. Nikodemus and
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G. Tabors (Nikodemus et al., 2004; Tabors et al., 2004). Finnish scientist R. Salminen with
colleagues (2011) also investigated element distribution in terrestrial mosses and organic
soil layer in the Eastern Baltic Region. Soil element content has been investigated in de-
tails by A. Gilucis (2007) that is described in his doctoral thesis, but metal deposition in
forest soils of Latvia and the influencing environmental factors has been studied by other
scientists of Latvia (Brumelis et al., 2002; Kasparinskis and Nikodemus, 2012).

Another group of research widely studied involves the analysis of inland surface wa-
ters with the aim to detect element and nutrient content (Aldahan et al., 2006; Klavins
et al., 2001; Klavins et al., 2000; Kokorite et al., 2010; Stalnacke et al., 2003) and element
content of lake sediment investigation (Klavins et al., 2011; Klavins and Vircavs, 2001).
But latest studies are tended to bog investigation (Klavins et al., 2009b; Klavins et al.,
2003; Silamikele et al., 2011). Prof. M. Klavin$ with colleagues (2009a) also has investigat-
ed heavy metal content in fish from lakes in Latvia.

Analytical approach of the analysis of elements by X-ray fluorescence techniques
has been investigated under the supervision of professor A. Viksna (Viksna et al., 2004;
Viksna et al., 2001), while P. Sudmalis (2013) in his doctoral thesis was dealing with prob-
lems connected with possibilities to detect persistent organic pollutants in environment
and biological samples.

Trace metal analysis in water samples from Gulf of Riga and Daugava River estuary
have been done (Pohl et al., 2006; Poikane et al., 2005; Yurkovskis, 2004; Yurkovskis and
Poikane, 2008). The studies on metal pollution in environment also have been done in
Latvia (Kulikova et al., 2003; Muller-Karulis et al., 2003).

Only few studies in Latvia are related to food composition investigations. The infor-
mation can be found about the studies of nutrient composition of American cranberries
in Latvia (Osvalde and Karlsons, 2010) and potatoes (Murniece et al., 2011). E Dimin$
(2006) in his doctoral thesis investigated composition of honey, including analysis of
some element concentration.

Some studies revealing food consumption specifics in Latvia have been done (Melece,
2009; Melece et al., 2008; Pomerleau et al., 2001a; Pomerleau et al., 2001b). However, in
these studies only economic aspects were taken into account in the description of food
consumption habits in Latvia. The studies of nutrition regarding health issues and inter-
connection with environmental impacts have been done (Luse et al., 2000; Muceniece
et al,, 2007; Richardson et al., 2013), but these are specific investigations in the field of
environmental and occupational medicine where biosamples such as human blood and
hair were analyzed.

Research in the field of agriculture in Latvia concerning food quality improvement are
represented by some studies done by I. Alsina with colleagues who have investigated se-
lenium impact on yield quality of lettuce (Alsina et al., 2012; Zegnere and Alsina, 2008).

However, survey of recent studies in Latvia of analysis of micro- and macroelements
revealed that there is lack of information about the analysis of the content and concen-
tration of elements in food consumed and produced in Latvia. Therefore, the importance
of current research is highly valuable within the interdisciplinary fields of environmental
science, chemistry, food science and health sciences.
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2. MATERIALS AND METHODS

There are two main targets of the current research: quantitative analysis of selected
food available for consumers in Latvia and investigation of element bioavailability. With
the aim to investigate the bioavailability of elements in food chain soil-plant-human five
different soils were collected and subsequently contaminated with metallic elements.
Contaminated and control soil samples were used for experimental growth of selected
food crop species. Another main target of the research included collection of food sam-
ples of different kind over all the territory of Latvia with the aim to perform the quan-
titative analysis of micro- and macroelements. In this chapter the details of sampling,
analytical methodology and data analysis are described.

2.1. Food sampling, sample preparation and pretreatment

2.1.1. Collection of food samples

Locally available food samples were collected over the territory of Latvia in the time
period 2009-2013. Food for sampling was selected as follows: (I) unprocessed vegeta-
ble products (apples, carrots, onions, potatoes) and processed vegetable products (cereal
meals and cereal mixtures for porridge preparation); (II) unprocessed animal products
(bee products such as honey, pollen and bee bread; hen eggs) and processed animal prod-
ucts (cottage cheese); (III) unprocessed beverages (apple juice, birch sap) and processed
beverages (apple wine). Selection of food samples collected for analysis was based on the
length of element transfer from the environment to foodstuff as well as possible impact of
environmental conditions such as seasonality, agricultural praxis or processing were tak-
en into account (Aras and Ataman, 2006). Suggestions from similar studies (e.g., Ekholm
et al., 2007) and also the significance of the selected foodstuffs into common diet of in-
habitants of Nordic countries and Latvia (Melece, 2009; Melece et al., 2008) were taken
into consideration as well. Primary the food samples of local origin (grown, bred or pro-
duced in Latvia) were collected; only within the group of cereal meals available samples
were of different origin that was identified after the information on packaging indicated
by the producer. Special attention was attributed to the food labelled as organic (biologi-
cal). In total more than 500 food samples were analysed within the research.

Sampling of food of plant origin. Fresh samples of root vegetables, carrot roots, onion
bulbs, potatoes and apple fruits were collected over the territory of Latvia in harvesting
season of 2010. Samples were obtained at markets or directly from farms and individual
households. Samples were confirmed as locally grown products at the purchase as well
as it was clarified whereas the vegetables were grown in farmlands or allotment gardens.
Additionally to lettuce samples (n.=7)" collected by purchasing them at the market or
directly from the farms also lettuce samples (n=3) experimentally grown in contami-
nated soil were analysed. Sampling was carried out by selecting 3-5 pieces of vegetables
or fruits within every single sample subsequently making mixed samples. Edible parts of

' Here and further n_ - number of samples
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vegetables (fruit flesh) were prepared for analysis as well as some peel samples were pre-
pared. Carrot roots, onion bulbs, potatoes and apple fruits were cleaned, washed, peeled
and crushed. Crushed samples were dried in drying oven at temperature 80-105 °C for
20 hours and at temperature 105 °C for extra 5-6 hours, if needed, depending on the
moisture of sample type. Amount of moisture content was calculated. After drying every
sample was triturated until the consistence of powder. Until analysis samples were stored
in closed disposable plastic bags in dry and dark place. At the development of analyti-
cal procedures and pretreatment thoroughly suggestions from similar studies has been
considered (Aras and Ataman, 2006; Ekholm et al., 2007; Luykx and van Ruth, 2008
Mohamed et al., 2003; Samsoe-Petersen et al., 2002).

Samples of cereal meals, i.e., cereal mixtures for porridge preparation were collected
in spring of 2013 (n=43) purchasing them at supermarkets in commercially available
packaging. Samples were of different origin that was identified after the information on
packaging indicated by the producer Cereal meals as selected products represent part of
infant nutrition common in Latvia (Melece et al., 2008; Zarin$ un Neimane, 2009). Cereal
meals were collected in 4 groups: mixed cereals, rice, wheat and buckwheat products,
selecting at least 10 samples per group. Until analysis samples were stored in dry and dark
place in disposable hermetically closed polyethylene bags.

Sampling of food of animal origin. The strategy for honey sampling was elaborated
considering suggestions in other studies (Dimins, 2006; Joudisius ir Simoneliene, 2009;
Lachman et al., 2007). Within a period of two seasons (2009 and 2010) honey samples
(n,=80) were collected over the territory of Latvia. Collected honey samples were grouped
in sets based on the botanical origin. Botanical and also geographical origin of honey
samples was identified taking into account the available information at the purchase.
Honey samples were derived directly from bee-keepers or at food shops and markets with
identifiable sources. All the equipment used for honey sample collection and storage ex-
cluded any metal tools. Honey samples mostly were poured into plastic containers with
tight plastic covers. If honey was obtained in glass vessels, the samples were taken from
the middle of the vessel to avoid contamination. Until analysis all collected honey sam-
ples were stored in a cool and dark place. For the comparison of element content within
the bee products also pollen (1 =5) and bee bread (n =5) samples were obtained in addi-
tion to honey samples from the same places of origination. Pollen and bee bread samples
were stored in closed disposable plastic bags in dry and dark place.

The strategy for hen egg sampling was elaborated considering suggestions in other
studies (Waegeneers et al., 2009a; Waegeneers et al., 2009b, Waheed et al., 1985). In total
33 hen egg samples were collected from different housing types of poultry farms in 2011-
2012 over the territory of Latvia: from organic farms (n.=9) (organic farming was con-
firmed by certificate), domestic farms (n =15) and large-scale poultry farms (n=9). Hen
egg samples were purchased at the markets or obtained directly at the farms. Conditions
of the hens’ breeding type were identified and recorded at the moment of sample pur-
chasing. In addition, 24 hen egg samples (2 samples every month) were collected from
April of 2011 to March of 2012 in a domestic courtyard farm at Aizkraukle, Latvia, with
known poultry breeding conditions. Within one sample 3-5 eggs were selected. Egg sam-
ples were kept in refrigerator (+4 °C) until delivery to the laboratory where sample prepa-
ration was done. Eggs were cleaned and egg yolk carefully was separated from albumen.
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Also whole egg samples (egg yolk and albumen mixtures) were prepared. To avoid possi-
ble sample contamination no metal tools were used; egg sample preparation was done by
using chemically stable plastic, polypropylene or glass equipment. All the samples were
homogenized and were filled in disposable polyethylene bags, subsequently storing them
frozen at -20 °C until sample pretreatment was applied directly prior analytical procedure.

The strategy for cottage cheese (in Latvian biezpiens) sampling was elaborated consid-
ering suggestions in other studies (Cashman, 2006; Mendil, 2006). Cottage cheese sam-
ples (n=27) were purchased from randomly selected individual dairy farms and super-
markets in Latvia over two seasons (summer of 2009 and winter of 2010). All samples
chosen were labelled as cottage cheese derived from whole milk, i.e., cottage cheese with
content of fat not lower than 9 %. For the reason to evaluate the impact of environmental
conditions on cottage cheese manufacturing, only products of local origin were obtained.
All samples were packed into disposable plastic bags and stored frozen at temperature
-20 °C. Prior sample pretreatment cottage cheese samples were dried in drying oven at
temperature 60 °C and subsequently triturated until the consistence of powder.

Sampling of beverages. The strategy for beverage sampling was elaborated consider-
ing suggestions in other studies (Farid and Enani, 2010; Magdas et al., 2012). Beverage
samples of local origin derived in Latvia such as apple juice (7,=9), birch sap (n=10) and
apple wine (1 =5). Beverage samples were kept in closed polypropylene tubes in refrigera-
tor (+4 °C) and were analysed immediately after delivering to the laboratory.

2.1.2. Pretreatment of food samples prior quantitative analysis

Mineralization process is important step for sample pretreatment before analytical de-
termination can be performed. It should be applied not only for cleavage of organic ma-
trix of biological samples but also helps to prevent analytical techniques from unwanted
residues that can settle on the burner head and in spray chamber, and can affect spectral
interferences that can result in inaccuracy of measurements (Soceanu et al., 2007). Sample
pretreatment can be done by several methods such as dry ashing, wet ashing, wet diges-
tion that may be forced by heat, microwave or ultrasound influence (Alvarez et al., 2003).
Carbohydrates, proteins and fats are the main matrix components of food samples that
can influence quantitative micro- and macroelement detection. Wet digestion of organic
matter, is widely applied for samples of biological origin, including food (e.g., Ekholm et
al., 2007; Soceanu et al., 2007).

Pretreatment of samples of plant origin. Fruit and vegetables samples were wet digest-
ed as follows: a) 0.5000+0.0020 g of dry sample were weighed on analytical balance in 100
mL glass beaker; b) 10 mL of concentrated HNO, and 5 mL of concentrated H,O, (analyt-
ically pure reagents) were added; c) after holding overnight sample solutions were digested
by heating at 160 °C on heating block; d) after complete digestion and cooling sample
solutions were filled up to 50 mL with ultra pure deionised water in polypropylene tubes.

Cereal products were wet digested in microwave digestion system as follows (Lawgali,
2010): a) 0.4000+0.0020 g of dry sample were weighed on analytical balance in PTFE/
TFM tube; b) 4 mL of concentrated HNO, and 4 mL of concentrated H O, (analytical-
ly pure reagents) were added; c) after holding overnight sample solutions were digest-
ed in microwave digestion system (10 min at T =55 °C, 10 min at T =75 °C, 30 min at
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T,=95 °C, E=1500 W); d) after cooling sample solutions were filled up to 40 mL with
ultra pure deionised water in polypropylene tubes.

Samples of lettuce, radish and dill were mineralized by wet digestion as follows:

a) 0.1000+0.0020 g of dry sample were weighed on analytical balance in 50 mL glass
beaker; b) 5 mL of concentrated HNO, and 2 mL of concentrated H,O, (analytically pure
reagents) were added; c) after holding overnight, sample solutions were digested by heat-
ing at 160 °C on a heating block; d) after complete digestion and cooling sample solutions
were filled up to 10 mL with ultra pure deionised water in polypropylene tubes.

Pretreatment of samples of animal origin. For the assessment of differences between

the pretreatment procedures one honey sample was treated in four different modes:

1) Wet digestion (after Tuzen et al., 2007): 1.0000+0.0020 g of sample were weighed
on analytical balance in 50 mL glass beaker; then 8 mL of concentrated HNO, and
4 mL of concentrated H,O, were added. After holding overnight sample solution
was digested by heating at 160°C on heating block until the evaporation of nitrous
gases. After cooling, sample solution was quantitatively poured into the polypro-
pylene tube and filled up to 20 mL with ultra pure deionised water.

2) Dry ashing (after Tuzen et al., 2007): 1.0000+0.0020 g of sample were weighed
precisely on analytical balances into the porcelain melting pot. Dry ashing was
performed in the muffle furnace at the temperature 450 °C for 8 hours. Ashes were
dissolved in 5 mL 25 % HNO, by heating slightly on heating block. After cooling,
solution was quantitatively poured into the polypropylene tube and filled up to
20 mL with ultra pure deionised water.

3) Dissolution in deionised water under the influence of ultrasound (after Kropf et
al., 2010): 1.0000+0.0020 g of sample were weighed on analytical balance in poly-
propylene tube, 2 mL of gallium solution (10 mg/L) were added as an internal
standard and warm deionised water was added up to 20 mL. Sample solution was
homogenised in the ultrasonic bath for 1 hour.

4) Dissolution in deionised acidified water (after Staniskiene ir kt., 2006):
0.5000+0.0020 g of sample were weighed on analytical balance in polypropylene
tube and 50 mL of warmed-up deionised water was added. Solution was homoge-
nized on vibro-homogeniser and acidified by 0.2 mL of concentrated HNO,.

Pretreatment of pollen and bee bread samples was done as described above for honey

wet digestion.

Prior analysis frozen samples of cottage cheese were desiccated at 60 °C in drying for

12 hours in an oven and triturated subsequently. Sample decomposition was done by wet
digestion as follows: a) 0.1000+0.0020 g of sample were weighed on analytical balance
in glass 50 mL beaker; b) 25 mL of concentrated HNO, and 5 mL of concentrated H,0,
(analytically pure reagents) were added; c) after holding overnight, sample solutions were
digested by heating at 160 °C on heating block; d) after complete digestion and cooling
sample solutions were filled up to 10 mL with deionised water in polypropylene tubes.
Egg sample pretreatment procedure was performed taking into account the require-
ments of the exploited analytical techniques (Hoefler et al., 2006; Kubala-Kukus et al., 2004;
Szoboszlai et al., 2009). While total reflection X-ray (TXRF) spectrometry allows direct
sample analysis, detection of elements in biological or environmental samples by atomic
absorption spectrometry (AAS) requires more complicated sample pretreatment. Therefore
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egg samples were wet digested similarly as described in literature (e.g., Kilic et al., 2002):
a) 3.0000+0.0020 g of frozen egg sample were weighed on analytical balance in 50 mL glass
beaker and left to attain the ambient temperature; b) 20 mL of concentrated HNO, and
10 mL of concentrated H,O, (analytically pure reagents) were added; c) after holding over-
night, sample solutions were digested by heating at 160 °C on heating block; d) after com-
plete digestion and cooling sample solutions were filled up to 50 mL with deionised water
in polypropylene tubes. In case of sample solution analysis by TXRF spectrometry gallium
solution (0.01 g/L) was added as internal standard immediately prior analysis.

Pretreatment of beverage samples. Samples of beverages were analysed without pre-
treatment procedure as well as after wet digestion that was applied as follows: a) 10 mL
of sample was poured into 50 mL glass beaker; b) 8 mL of concentrated HNO, and 4 mL
of concentrated H,O, (analytically pure reagents) were added; c) after holding overnight,
sample solutions were digested by heating at 160 °C on heating block; d) after complete
digestion and cooling sample solutions were filled up to 20 mL with deionised water in
polypropylene tubes. In case of sample solution analysis by TXRF spectrometry gallium
solution (0.01 g/L) was added as internal standard immediately prior analysis.

2.2. Experimental setup of element transfer study
2.2.1. Soil sampling and the crop growth experiment

In spring of 2011 five soil samples (each 7-10 kg) were collected in Latvia, the south-
west of Vidzeme Upland (Vecpiebalga region, Taurene rural municipality, vicinity of
Lode manor), considering their representativeness for soils in Latvia (Karklins u.c., 2009;
Kasparinskis, 2011; Nikodemus, 2011). Soil samples were collected from upper layer (H or
Ap horizon, depth 0-20 cm). At the beginning soil type and texture were identified in the
field conditions as follows: 1 sample of fen peat soil and 4 samples of sod-podzolic soil
(with higher or lower content of organic matter and clay content) (Karklins u.c., 2009;
Nikodemus, 2011), but precise soil type was identified at the laboratory: S1 - fen peat
soil; S2 - sod-podzolic soil / sandy loam; S3 - sod-podzolic soil / sand; S4 - sod-podzolic
soil / loamy sand; S5 - sod-podzolic soil / sandy clay loam (FAO, 2006; Karklins u.c., 2009;
Regulation 804, 2005). Other characteristic properties of soil samples were defined precise-
ly in laboratory using standard methodology (FAO, 2006; Pansu and Gautheyrou, 2006).

Bioavailability of metallic elements and metalloids in food chain soil-plant-human is
complicated process influenced by different factors including soil chemical and physical
characteristics. Therefore, it is necessary to determine such soil characteristic param-
eters as pH, content of organic matter or humic substances, cation exchange capacity
(CEQC) or cation base saturation and granulometric composition or soil texture (Salazar
et al.,, 2012; Wang et al., 2004; Xu et al., 2013). Prior the analysis soil samples were dried
in drying oven at 40°C, subsequently crashed with rubber pestle, sieved using 2 mm
sieve for mineral soils and 4 mm sieve for peat soil with subsequent homogenization.

Qualitative analysis of soils was done based on standard methods applied widely in
soil science (FAO, 2006; Pansu and Gautheyrou, 2006):

= Soil pH was detected in 1 M KCI/ H,O extract by using pH meter;

= Soil organic matter expressed as content of humic substances in soil samples was

detected by Tiurin’s method;
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= Cation base saturation was detected in 0.1 M BaCl, extract by atomic absorption

spectrometry;

= Soil type and texture was identified by wet-sieving method and using pipetting

technique.

Soil samples were divided into the equal subsamples (each 1-2 kg) by weighing on tech-
nical balance. To model metal transfer from soil to plants, except for control samples, soil
contamination was applied, treating soil subsamples with corresponding metal salt solutions:

a) Soil monocontamination with copper was achieved by using copper sulphate pen-
tahydrate CuSO,x5H,0 solution at certain target Cu concentration (40, 70, 100, 130 and
200 mg/kg);

b) Soil multielement contamination with the mixture of metallic elements
was achieved by using such soluble salts of metals as cadmium acetate dihydrate
Cd(CH,CO0),x2H,0, copper sulphate pentahydrate CuSO,x5H,0, lead (II) nitrate
Pb(NO,), and zinc sulphate heptahydrate ZnSO,x7H,O at certain target concentration
of elements (6 mg/kg Cd, 130 mg/kg Cu, 750 mg/kg Pb and 300 mg/kg Zn). The target
concentration of elements was selected taking into account the Regulation N° 804 of
25 October 2005 issued by the Cabinet of Ministers of Latvia Requirements for quali-
ty normative of top and bottom soils. These requirements provide the allowable metal-
lic element concentration in soils depending on soil texture and category of pollutant,
e.g., range of allowable concentration of elements in soils are 13-500 mg/kg for Pb, 16-
700 mg/kg for Zn, 4-150 mg/kg for Cu and 0.08-10.00 mg/kg for Cd (Regulation 804,
2005). Soil contamination target values were selected also considering metal concen-
tration values found in contaminated soils in Latvia and elsewhere (Gilucis, 2007). Soil
contamination procedure was applied as described in literature, i.e., calculated amount
of certain contaminant was diluted in water and sprayed over the soil piles followed by
complete soil homogenization (mechanical mixing) (Alexander et al., 2006; Inaba and
Takenaka, 2005). In addition, the half of each portion of contaminated soils and also
control soil samples were saturated with the solution of humic substances (3 g/kg). For
this treatment peat humic substances, isolated from ombrotrophic bog peat with certain
characteristics (C 54.35 %, H 2.36 %, N 1.26 %, Mw 4 500 - 12 000 dal) were used. After
the treatment with metal salt solutions the soil samples were incubated for 2 weeks to
reach metal binding common for polluted soils as well as repeated homogenization was
done before the filling of soils into the pots.

Contaminated and control soil samples were used for experimental cultivation of
selected food crop species. Seeds of radish Raphanus sativus L. ‘Saxa 2) leaty lettuce
Lactuca sativa L. ‘Grand Rapids” and dill Anethum graveolens L. ‘Mammut’ were directly
sown into the pots filled with soil. For every contamination of every soil and vegetable
type there were four pots filled and in every pot 5 seeds of the crop were put. Food
crops used in this research were chosen due to the relatively rapid growth and moder-
ate requirements for growth conditions as well as common their use in similar studies
(Alexander et al., 2006; Wang et al., 2004; Xu et al., 2013). Crops were grown under the
open-air conditions; however, when it was necessary the pots were covered with a plastic
shed to protect them from the wind, heavy rainfall or excessive sunlight. The study was
done during the summer season of 2011 in the central part of Latvia, in a field area at
Aizkraukle, Latvia.
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2.2.2. Pretreatment of soil samples

Soil samples used in the crop growth experiment were mineralized for quantitative
detection of metallic elements and metalloids. Prior mineralization soil samples were
sieved through 2 or 4 mm sieve and dried in drying oven for 120 min at 105 °C. To detect
total element content in soil complete sample mineralization is required usually done by
using aqua regis (HNO,/HClI solution) (FAO, 2006; Gilucis, 2007; Pansu and Gautheyrou,
2006). Aqua regis containing strong acids is very corrosive and may negatively affect the
analytical equipment. Therefore, sample mineralization was done by using concentrated
HNO, as the results of measurements of element concentration by both methodologies
are comparable (Rudovica, 2012). Thus soil sample pretreatment was done as follows:
control soil samples and contaminated soil samples were weighed in glass 50 mL beakers
on analytical balance (1.0000+0.0020 g or 0.5000+0.0020 g), and 25 or 15 mL of concen-
trated HNO, and 5 or 3 mL of concentrated H,O, (analytically pure reagents) were add-
ed, respectively. After holding overnight, samples were heated on heating block at 160 °C
until 10 or 5 mL of solution were left. Additionally 15 or 10 mL of concentrated HNO,
were added and heating was continued until the complete mineralization of samples.
Sample solutions were filtrated into polypropylene tubes and filled up to 50 or 25 mL with
deionised ultra pure water, respectively.

2.2.3. Sampling of experimentally grown vegetables

After the experimental cultivation of selected vegetables, samples of radish, leafy
lettuce and dills grown in different soil were obtained. Since the growth of plants
were affected by several factors, for instance, climate conditions, high concentration
of metals in soil and unexpected presence of insects, it was not possible to collect all
crop samples from all the pots; however, the failure to get grown plants was less than
10 %. Crop samples which were evolved enough and not damaged were harvested
35-45 days after the sowing, taking into account the maturity of grown plant species.
Vegetables were carefully cleaned, rinsed thoroughly with deionised water and then
edible parts of vegetables were separated for further analysis. Samples were air dried
(lettuce leaves, dills) or dried in drying oven at 40 °C (radish) and well crashed by us-
ing ceramic knife as described in literature (Wang et al., 2006) to avoid contamination
with metals. Until analysis samples were stored in closed disposable plastic bags in a
dry and dark place.

2.2.4. Element speciation analysis

Transfer and bioavailability of elements in food chain soil-plant-human is strongly
dependent on element speciation. Metallic elements and metalloids in environment
can be found in form of hydrated ions, insoluble compounds such as carbonates, as
well as can be bound with Fe and Mn oxides, organic complexes or other chemical
compounds. Speciation analysis developed by A. Tessier in 1979 and modified by many
other scientists (e.g., Favas, 2013; Malandrino et al., 2011; Okoro et al., 2012) is used
as the basis for the detection of element speciation in soils and sediments. Within
the current research, speciation analysis of studied soil samples was performed. Prior
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analysis air-dried soil samples were homogenized in porcelain mortar, sieved through
1 mm sieve and dried at 105 °C until the constant weight. Subsequently, consequent
extraction step by step was performed as shown in Figure 2.1 and described in details
turther in the text.

l i
é Step 1 N Step 2 N Step 3 N Step 4 N Step 5 N
Extraction Extraction Extraction Oxidation with Extraction with
with H,O with 0.11 M with 0.5 M conc. H,0, and conc. HCI and
CH,COOH NH,OHxHCI extraction with conc. HNO,
I\ AN AN _/ \_CHCOONH, / \_ J

v v v v v

' ) N ) N . N ) N .
Fraction 1 Fraction 2 Fraction 3 Fraction 4 Fraction 5

Water Acid soluble Reduced Organic Residues (e.g.,
soluble compounds forms of compounds sulphide
\compounds ) U ) U compounds VRN ) U compounds) )

Figure 2.1. Schematic overview of speciation analysis

1) Fraction of water soluble compounds. 5.0000+0.0020 g of soil with low organic
matter content or 3.0000+0.0020 g of soil with high organic matter content was weighed
in 100 mL glass beaker; 50 mL of heated-up deionised water were added. Extraction was
done on mechanical shaker for 2 hours. Extract was filtered through filter paper and
0.45 um membrane filter into polypropylene tube, and acidified with 0.2 mL of HNO,/
H,0 (1:1) solution.

2) Fraction of acid soluble compounds. The rest of sediments from the 1* step of frac-
tionation were carefully collected, poured into 100 mL glass beaker and 40 mL of 0.11 M
CH,COOH were added. Extraction was done on mechanical shaker for 16 hours. Extract
was filtered through filter paper and 0.45 pm membrane filter into polypropylene tube,
and acidified with 0.1 mL of HNO,/H,O (1:1) solution.

3) Fraction of reduced forms of compounds. The rest of sediments from the 2" step of
fractionation were carefully collected, poured into 100 mL glass beaker and 40 ml of 0.5
M NH,OHxHCI were added. Extraction was done on mechanical shaker for 16 hours.
Extract was filtered through filter paper and 0.45 pm membrane filter into polypropylene
tube, and acidified with 0.2 mL of HNO,/H,O (1:1) solution.

4) Fraction of organic compounds. The rest of sediments from the 3 step of frac-
tionation were carefully collected, poured into 100 mL glass beaker and 10 mL of con-
centrated H,O, were added. After holding for 1 hour, extraction was done by heating at
85 °C for until about 3 mL of solution were left. Then H,O, addition and heating process
was repeated. After cooling 50 ml of 1 M CH,COONH, were added and hold for at least
1 hour until solution became transparent. Extract was filtered through filter paper and
0.45 um membrane filter into polypropylene tube.

5) Fraction of residues (e.g., sulphide compounds). The rest of sediments from the
4™ step of fractionation were carefully collected, poured into 100 mL glass beaker, and
7 mL of concentrated HCl and 3 mL of concentrated HNO, were added. After holding for
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16 hours at room temperature, heating was started gradually and continued for 2 hours.
Cooled extract was filtered through filter paper into polypropylene tube. Filter was rinsed
with 0.5 M HNO, and filled up to 50 mL.

Similar speciation analysis approach was applied for detection of element bioavailabil-
ity from food crops (extraction was done for lettuce samples):

1) Fraction of water soluble forms of metals. 0.5000+0.0020 g of lettuce sample
were weighed in polypropylene tube; 20 mL of heated-up deionised water were added.
Extraction was done on mechanical shaker for 2 hours. Extract was filtered through filter
paper and 0.45 pm membrane filter into polypropylene tube, and acidified with 0.2 mL of
HNO,/H,0 (1:1) solution.

2) Fraction of acid soluble forms of metals. The rest of sediments from the 1 step
of fractionation were carefully collected, poured into 100 mL glass beaker and 20 mL of
0.11 M CH,COOH were added. Extraction was done on mechanical shaker for 16 hours.
Extract was filtered through filter paper and 0.45 pum membrane filter into polypropylene
tube, and acidified with 0.1 mL of HNO,/H,O (1:1) solution.

3) Fraction of reduced forms of metals. The rest of sediments from the 2™ step of
fractionation were carefully collected, poured into 100 mL glass beaker and 20 ml of 0.5
M NH,OHxHCI were added. Extraction was done on mechanical shaker for 16 hours.
Extract was filtered through filter paper and 0.45 um membrane filter into polypropylene
tube, and acidified with 0.2 mL of HNO,/H,O (1:1) solution.

2.3. Quantitative analysis of elements

2.3.1. Analytical methods

Several approaches of contemporary analytical techniques can be used for element
quantification of miscellaneous biological and environmental samples, including food
samples. The main demands for choice of analytical techniques are sensitivity and se-
lectivity which can be achieved by such methods as atomic absorption spectrometry
(AAS), inductively coupled plasma mass spectrometry (ICP-MS), atomic emission or
optical spectrometry (ICP-AES, ICP-OES), total reflection X-ray fluorescence spectrom-
etry (TXRF) or neutron activation analysis. AAS based methods are widely applied for
analysis of samples with different matrix properties, e.g., flame atomic absorption spec-
trometry (FAAS) can be used for comparatively simple and fast quantitative detection
of micro- and macroelements or atomic absorption spectrometry on graphite furnace
(GFAAS) that is considered as highly sensitive and selective method (Hashmi et al.,
2007; Kazi et al., 2009; Kilic et al., 2002; Lante et al., 2006; Samsoe-Petersen et al., 2002;
Soceanu et al., 2007). ICP-MS or inductively coupled plasma atomic emission spectro-
metry (ICP-AES) are among the highly sensitive techniques and can be used for detec-
tion of quantitative concentration of microelements in trace amounts. ICP-MS has many
advantages, including high selectivity, wide linear range and relatively low limit of quan-
tification. In order to use ICP or AAS methodologies, it is necessary to do sample miner-
alization. However, this method is expensive and it can be applied for analysis of sample
solution with certain properties such as acidity. By ICP-MS techniques it is preferable to
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detect elements in acidic media (Ekholm et al., 2007; Gonzalvez et al., 2008; Nisianakis et
al., 2009; Samsoe-Petersen et al., 2002).

Total reflection X-ray fluorescence spectrometry (TXRF) is a relatively simple and
cheap method for element quantification due to the possibility to analyse samples di-
rectly without complicated digestion procedure but only with addition of internal stand-
ard (Alvarez et al., 2003; Hoefler et al., 2006; Klockenkamper, 1997). TXRF spectrometry
is a well-suited analytical technique for the studies of several micro- and macroelement
concentration. The organic material has to be mixed with an internal standard, and
method allows fast and accurate analysis of all microelements heavier than aluminium
(Kubala-Kukus et al., 2004). TXRF spectrometry has several advantages: it is a rapid and
non-destructive method and shows good sensitivity when analyzing organic samples. The
sample can be measured directly, just diluted with deionised water, and therefore pos-
sible sample contamination at sample pretreatment can be avoided (Golob et al., 2005).
The X-ray fluorescence spectrometry is a widely used multi-element analytical technique
due to its simple application and it plays an important role in environmental monitoring
(Szoboszlai et al., 2009).

In the current study AAS was applied for macroelement (Ca, Fe, K, Mg, Na) and
some microelement (Cu, Mn, Zn) quantification. Depending on element to be detected,
sample solutions were analysed by flame atomic absorption spectrometry (FAAS), elec-
tro-thermal atomic absorption spectrometry (ETAAS) or flame atomic emission spec-
trometry (FAES) depending on element. Content of K and Na was detected by FAES;
content of Ca, Mg, Fe, Mn, Cu and Zn - by FAAS, but content of Co and Cr was detected
by ETAAS. Measurements were done by atomic absorption spectrometer AANALYST 200
(Perkin Elmer).

ICP-MS was applied for analysis of sample solutions as more sensitive method for
quantitative detection of microelements (Ag, As, Ba, Cd, Co, Cr, Ni, Pb, Rb, Se, Sr, V)
in trace amounts. Inductively coupled plasma mass spectrometer ELAN DRC-e (Perkin
Elmer) was exploited.

AAS and ICP-MS were applied for the quantitative analysis of mineralized food and
soil samples, as well as for acidified honey solutions.

TXRF was applied for analysis of beverages and egg samples. The range of elements
(Ba, Ca, Cu, Fe, K, Mn, Ni, P, Pb, Rb, S, Se, Sr, V and Zn) were quantitatively detected by
using total reflection X-ray fluorescence spectrometer Rontec PicoTAX (Rontec GmbH)
equipped with X-ray tube (50 kV; Mo anode), Ni/C reflector (17.5 keV; level of reflec-
tion 80 %), Be detector (area 10 mm? thickness 7.5 pm), and applied exposition time
1000 seconds. The main limitations for use of wide range of analytical techniques are
mostly connected with relatively high expenses.

2.3.2. Quality assurance of analytical methods

Quality assurance of applied analytical methods was achieved by preparation of blank
samples and analysis of certified reference material samples. Subtraction of blank sample
signal resulted in elimination of background corrections of measurements, as well as lim-
it of detection, level of quantification and standard deviation were determined by using
blank samples. Blank samples were prepared for every sample batch in the same mode
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as food or soil samples. Furthermore, each sample solution was made in triplicate, but
certified reference sample solutions were made in fivefold. Mean characteristic values for
metal detection with AAS are summarized in Table 2.1. Detection of such element as As,
Cd, Cr and Pb quantity by AAS was limited due to the technical capability of apparatus;
therefore the measurements done by ICP-MS were taken into account for further data
statistical analysis.

Table 2.1
Characteristic values for quantitative metal detection by atomic absorption spectrometer
AANALYST 200 (Perkin Elmer)

Element Limit of detection, mg/kg ~ Level of quantification, mg/kg
Ca 6.65 21.94
Cd 0.01 0.04
Cu 0.15 0.50
Fe 0.41 1.35

K 14.22 46.94
Mg 3.49 11.55
Mn 0.51 1.67
Na 3.29 10.84
Pb 0.18 0.59
Zn 0.32 1.06

Performance of the applied analytical methods was verified by comparative analysis
of certified reference samples. Such reference materials were used as CS-CR-2 Carrot root
powder, NCS ZC73017 Apple powder, IAEA-336 Lichen, BCR-063R Skim milk powder and
PT Red wine Chilian. Certified values of element concentration of reference materials are
summarized in Tables 2.2., 2.3, 2.4. and 2.5.

Table 2.2
Certified values and uncertainty of element concentration of reference material
BCR-063R Skim milk powder (IRMM)

Concentration (x=s)', Concentration (x+s),

Element sl Element .
Ca 13490+100 Mg 1263124
Cl 9940+300 N 62300800
Cu 0.602+0.019 Na 4370+31
Fe 2.32+0.23 P 11100130

I 0.81+0.05 Pb 18.5+£2.7
K 17680+190 Zn 49.0+0.6

! Here and further X — mean value, s — standard deviation
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Concentration (x+s),

Element e
As 0.050+0.008
Cd 0.196%0.020
Hg 0.0043+0.0006
Pb 0.579+0.040
7Zn 21.79+0.86

Table 2.3
Certified values and uncertainty of element concentration of reference material
CS-CR-2 Carrot root powder (LGC Standards)

Table 2.4
Certified values and uncertainty of element concentration of reference material
NCS ZC73017 Apple powder (Promochem)

Element Co_ncentration Element Co_ncentration Element Co_ncentration
(x£s), mg/kg (x%s), mg/kg (x%s), mg/kg

Al 70+10 Eu 0.0007* Pb 0.084+0.032
As 0.020+0.004 Fe 16+2 Pr 0.0018+0.0003
B 1943 Gd 0.00095+0.00011 Rb 5.0£0.6
Ba 2.5+0.3 Hg 0.002* S 630+40
Be 0.001* Ho 0.00025* Sb 0.006*
Bi 0.0025* I 0.12+0.04 Se 0.018*
Br 0.2* K 7700+400 Si 50+13
Ca 49010 La 0.014+0.004 Sm 0.0015%0.0005
Cd 0.0058+0.0012 Li 0.115+0.009 Sr 6.9+0.5
Ce 0.025+0.005 Mg 390£60 Th 0.004+0.0003
Cl 80* Mn 2.7£0.2 Tl 0.0018*
Co 0.026+0.006 Mo 0.08+0.02 Tm 0.00012*
Cr 0.30+0.06 N 3100+300 U 0.0082+0.0018
Cs 0.02% Na 1160£90 Y 0.008+0.002
Cu 2.5+0.2 Nd 0.006* Yb 0.00066*
Dy 0.0011* Ni 0.14+0.05 \' 0.028*
Er 0.00065* P 660+40 Zn 2.1+0.4

*- information value
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Table 2.5
Certified values and uncertainty of element concentration of reference material
TAEA-336 Lichen (IAEA)

Concentration Concentration Concentration
Element _ Element _ Element _

(x£s), mg/kg (x%s), mg/kg (x£s), mg/kg
Al 680+110 Eu 0.023+£0.004 Rb 1.76+0.22
As 0.63+0.08 Fe 430450 Sb 0.073+0.010
Ba 6.4+1.1 Hg 0.20+0.04 Sc 0.17+0.02
Br 12.9+1.7 K 18404200 Se 9.22+0.04
Cd 0.1174£0.017 La 0.66+0.10 Sm 0.106+0.014
Ce 1.28+0.17 Lu 0.0066+0.0024 Sr 9.3+1.9
Cl 1900+300 Mn 6317 Tb 0.014£0.002
Co 0.29+0.05 Na 320+40 Th 0.14+0.02
Cr 1.06£0.17 Nd 0.60+0.18 Yb 0.037+0.012
Cs 0.110£0.013 P 610+120 \% 1.47+0.22
Cu 3.6+0.5 Pb 4.9+0.6 Zn 30.4+3.4

2.4. Reagents and laboratory equipment

Reagents used within the research:

Concentrated analytically pure nitric acid (65 % w/v, suprapur grade, Scharlau, Penta
or Merck).

Concentrated analytically pure hydrogen peroxide (30 % w/v, suprapur grade, Merck).
Deionised distilled water (<0.1 pS/cm, 18 MQ/cm, Millipore Elix-3, Millipore Co).
Certified reference material samples: CS-CR-2 Carrot root powder (LGC Standards);
NCS ZC73017 Apple powder (Promochem); BCR-063R Skim milk powder (IRMM);
IAEA-336 Lichen (IAEA); PT Red wine Chilian (LGC Standards).

Standard solutions for element detection with ICP-MS: in 1 % HNO, (PerkinElmer);
in 2 % HNO, (High-Purity Standards); in 3 % HNO, (Inorganic Ventures); in 7 %
HNO, (Inorganic Ventures).

Other reagents: hydrochloric acid; orthophosphoric acid; acetic acid; gallium solution
(1 g/L Ga in 2 % HNO,); potassium chloride; barium chloride; sodium hydroxide;
potassium dichromate; ammonium ferrous sulphate; hydroxylamine hydrochloride;
copper sulphate pentahydrate; cadmium acetate dihydrate; lead (II) nitrate; zinc sul-
phate heptahydrate; diphenylamine; silicone solution in isopropanole; solution of hu-
mic substances (30 g/L).

All used chemicals were of analytical grade or higher, provided for analysis of ele-

ments in trace levels.

Laboratory equipment exploited within the research:

Inductively coupled plasma mass spectrometer ELAN DRC-e (Perkin Elmer):
Atomic absorption spectrometer AANALYST 200 (Perkin Elmer).

Total reflection X-ray fluorescence spectrometer Rontec PicoTAX (Rontec GmbH).
Water deionisator Millipore Elix 3 (Millipore).
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= Microwave digestion system ETHOS One (Milestone).

= Heating block Thermoblock (Biosan).

= Drying oven Plus II Oven (Labassco).

= Muffle furnace (t_ =1100 °C; Omron).

* Analytical balance ALJ 220-4 (m__ =220 g, d=0.1 mg; KERN).

= Technical balance (Kern).

= Vibro-homogeniser (Labassco).

= Mechanical shaker Tachometer (RPM) PSU-20 (Biosan).

* Vacuum liophyliser FreeZone (Labconco).

= Ultrasonic bath (70 W, 42 Hz; Cole-Parmer).

* pH meter pH 213 (Hanna).

= Other laboratory equipment: membrane filters (0.45 pm); filter paper; glass, porcelain
and polypropylene laboratory vessels such as beakers, flasks, cylinders, funnels and tubes;
PTFE/TFM (polytetrafluoroethylene/TFM) tubes for microwave digestion; glass Petri
plates; porcelain melting pots; porcelain mortar; glass pipettes; mechanical pipettes and mi-
cropipettes with disposable polypropylene thimbles; sieves of different size; ceramic knife.
For microelement analysis it is important to avoid any contact of samples with any

contaminants, particularly metals. Therefore cutting, peeling and crushing of samples

were done by using ceramic knife and ceramic mill but sample solutions were kept in

polypropylene tubes. Only heating was performed in chemically persistent glass beakers.
Preparation of laboratory vessels. Quantitative analysis requires use of ultra clean

vessels. Preparation of laboratory vessels was done as follows: 1) washing in hot water

with use of detergent; 2) rinsing with a tap water; 3) demineralisation of vessels with

concentrated HNO, holding for 20 minutes (or holding overnight, if 0.1 N HNO, were

used); 4) accurate rinsing with tap water (not less than 4-5 times); 5) drying at room

temperature avoiding contact with airborne particles; 6) clean and dry vessels were kept

in hermetically closed disposable polyethylene bags.
All analysis were performed in the laboratories of the Department of Environmental

Science and the Department of Analytical Chemistry of the University of Latvia.

2.5. Data statistical analysis

Statistical analysis of micro- and macroelement concentration analytical data was per-
formed by using extended MS Excel data analysis tool QI Macros (QI Macros, 2013). For
every data set the range of statistical parameters were calculated (e.g., standard deviation,
mean, median, correlation, t-Tests etc.). If applicable, Pearson correlation was applied as
follows: r<0.5 - slight correlation, 0.5<r<0.8 — medium correlation, r>0.8 — strong cor-
relation. For the comparison of data sets Student’s tests were performed (t-Test: Two-
Sample Assuming Equal Variance; t-Test: Two Sample Assuming Unequal Variances) as
well as other tests were performed of necessity.

In some cases box-whisker plotting was chosen as appropriate descriptive statistical ap-
proach for the comparative assessment of element measurement data sets. This approach
of data analysis allows easy determination not only of the routine statistical values within
the data range but also allows detection of outliers. Box-plots show maximum, minimum
and mean values of certain data sets as well as range between 25" and 75™ percentiles.
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3. RESULTS AND DISCUSSION

3.1. Assessment of the performance of analytical methods

3.1.1. Verification of analytical methods by analysis of certified reference samples

Samples of certified reference materials such as BCR-063R Skim milk powder, CS-CR-2
Carrot root powder, NCS ZC73017 Apple powder, IAEA-336 Lichen and PT Red wine Chilian
were used for verification of applied analytical methods (TXRE, AAS/AES and ICP-MS).

While carrot root reference sample has been designed for measurements of five ele-
ments only, the analysis of apple reference sample supported characterization of accuracy
and precision of measurements for more than fifteen elements. Obtained data revealed
methodological distinctions, e.g., performance in respect to accuracy of measurements
by TXRF was in range 65-105 %, AAS 36-101 % and ICP-MS 79-117 % (Table 3.1).
Technical characteristics of used equipment did not allow equal detection of elements,
for example, it was not possible to quantify concentration of Cd, Co, Mg, Na and Pb by
TXRE but quantification of such elements as Ca, Fe, K, Mg, Na and P was not possible
by ICP-MS due to technical capability of exploited analytical equipment. In general, the
highest accuracy and concentration compatibility with certified values were observed for
measurements done by ICP-MS.

Table 3.1
Accuracy of applied analytical methods (TXRF, AAS and ICP-MS) detected by the analysis of
certified reference sample NCS ZC73017 Apple powder

Certified value ~ Concentration (x+s; n, =5)" detected by corresponding analytical
Element of concentration technique, mg/kg (Accuracy, %)
(x£s), mg/kg TXRF AAS ICP-MS

Ca 490+10 31629 (65) 480+44 (91) -

Cd 0.0058+0.0012 - <0.0100 (-) 0.0051+0.0002 (88)
Co 0.026%0.006 - 0.020+0.010 (94) 0.023+0.001 (89)
Cr 0.30+0.06 <0.76 (-) 0.11+0.02 (36) 0.35+0.03 (117)
Cu 2.50+0.20 2.41+0.15 (96) 2.35+0.24 (94) 2.46%0.10 (98)
Fe 16.0+2.0 14.0+0.5 (88) 9.1+0.6 (57) -

K 7700400 58062173 (75) 7578249 (98) -
Mg 390460 - 32242 (83) -
Mn 2.7040.20 2.54+0.43 (94) 2.60+0.25 (96) 2.65+0.07 (98)
Na 1160+90 - 1173+44 (101) -

Ni 0.14+0.05 <0.25 (-) <0.40 () 0.11%0.02 (79)

P 66040 518+57 (79) . -

Pb 0.084+0.032 - 0.054+0.011 (64) 0.081+0.037 (96)
Rb 5.00£0.60 4.84+0.18 (97) - 4.96+0.10 (99)
Sr 6.90+0.50 7.26+0.37 (105) - 7.04+0.05 (102)
Zn 2.10£0.40 2.0420.12 (98) 2.0820.05 (99) 1.97+0.08 (94)

' Here and further #n - number of measurements
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Analysis of lichen reference sample revealed similar values of accuracy and addition-
ally there were quantified such elements as As, Ba, Se and V (Table 3.2).

Table 3.2
Accuracy of applied analytical methods (TXRF, AAS and ICP-MS) detected by the analysis of
certified reference sample JAEA-336 Lichen

Concentration (x+s; n, =5) detected by corresponding analytical

Element Ce_rtiﬁed LT technique, mg/kg (Accuracy, %)
(x%s), mg/kg
TXRF AAS ICP-MS

As 0.63+0.08 0.72+0.15 (115) - 0.62+0.13 (98)
Ba 6.4+1.1 5.31+1.15 (83) - -

Cd 0.117£0.017 - 0.112+0.003 (94) 0.115+0.002 (98)
Co 0.290+0.050 - 0.201+0.002 (69) 0.253+0.011 (87)
Cr 1.06+0.17 <0.76 (-) 0.42+0.01 (40) 0.98+0.03 (93)
Cu 3.60%0.50 2.85+0.14 (79) 3.05+0.03 (85) 3.22+0.41 (90)
Fe 430450 278431 (65) 342+8 (80) .

K 18404200 1184431 (64) 1544457 (84) .
Mn 63.047.0 52.9+0.8 (82) 56.98+0.52 (91) -

Na 320440 - 317421 (99) -

P 610+120 668+39 (113) - -

Pb 4.90£0.60 3.13+0.26 (64) 4.30+0.07 (88) 4.67+0.07 (95)
Se 9.22+0.04 <0.16 (-) - 8.42+0.16 (91)
Sr 9.30+1.90 7.76+0.24 (83) - 8.93+0.98 (96)
\Y% 1.47+0.22 1.42+0.16 (97) - 1.45+0.31 (99)
Zn 30.443.4 26.3£0.3 (87) 28.1+0.2 (92) 28.76+2.45 (95)

By analysis of skim milk powder reference sample it was possible to detect accuracy
and precision for such elements as Ca, Fe, K, Mg, Na and Zn (Table 3.3). Wider range
of data measurements was observed for TXRF (61-103 %) depending on certain ele-
ment, but AAS performance (92-104 %) is quite comparable with ICP-MS measurements
(88-98 %).

The main requirements for application of analytical methods include their sensitivity,
selectivity and a high level of reliability. In case of analysis of food and beverage samples
the most important limiting factor is the level of LOD (limit of detection) because several
elements of interest (e.g., Cd, Co, Cr, Ni, Pb) in samples commonly are present in very
low concentration, i.e., below the limit of detection (Aras and Ataman, 2006).

According to known certified values, analysis of red wine reference sample al-
lowed to detect accuracy and precision of measurements only for two elements, Cu
and Fe. Element content in red wine sample was analysed by TXRF with and without
sample pretreatment, while analysis by AAS was applicable only for mineralized sam-
ples. Measured concentration of elements was in acceptable compliance with certified
values (Table 3.4).
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Table 3.3
Accuracy of applied analytical methods (TXRF, AAS and ICP-MS) detected by the analysis of
certified reference sample BCR-063R Skim milk powder

Concentration (x*s; n, =5) detected by corresponding analytical

Element Ce_rtiﬁed vl technique, mg/kg (Accuracy, %)
(xxs), mg/kg
TXRF AAS ICP-MS
Ca 13490+100 81654345 (61) 133504250 (92) 133284350 (98)
Fe 2.3240.23 2.40+1.51 (103) 2.39+0.23 (103) 2.14+0.32 (92)
K 17680190 13590+585 (77) 18400+220 (104) 16500+260 (93)
Mg 1263+24 - 1255+53 (99) 1170465 (92)
Na 4370+31 - 4390+45 (100) 3870+200 (88)
Zn 49.0+0.6 34.6+11.3 (71) 48.1+2.2 (98) 46.2+3.1 (93)
Table 3.4

Accuracy of applied analytical methods (TXRF and AAS) detected by the analysis of certified
reference sample PT Red wine Chilian, analysing directly or after mineralization

Concentration (xs; n, =5) detected by TXRE, Concentration (xts;

Certified value mg/kg (Accuracy, %) 1) detected
Element (), moleg Analvsis aft by AAS after
7 Direct analysis naryss aver mineralization,
mineralization mg/kg (Recovery, %)
Cu 0.12+0.06 0.08+0.01 (68) 0.11+0.02 (88) 0.083+0.006 (69)
Fe 3.3840.33 3.24+0.15 (96) 3.64+0.06 (108) 3.43+0.02 (101)

Measurement of elements of low L lines (Na and Mg) by TXRF is problematic because
signal of fluorescence is absorbed before it can be registered on spectra. Technical spec-
ifications of TXRF do not allow reliable measurements of Cd due to the parallel overlap
of low energy La-lines with Ka-lines of Mo, Ca and K. Also precise Na detection is dif-
ficult as Ka-lines of Na may overlap with La-lines of Br and Zn. If Co concentration in
analysed sample is low, but Fe concentration is high, it might influence accuracy of Co
detection (Gruber et al., 2006; Klockenkamper, 1997; Stosnach and Gross, s.a.). However,
many aspects of TXRF application (possibility to measure liquid samples without pre-
treatment) supports application of this method. In addition, although common methods
such as AAS and ICP-MS have proved high sensitivity, the disadvantages of these meth-
ods involve time-consuming sample pretreatment steps with use of hazardous chemicals
such as strong acids as well as high costs of exploitation of analytical equipment; there-
fore, TXRF can be assessed as eligible methodology for express analysis of environmental
and biological samples.
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3.1.2. Comparison of food sample analysis done by different analytical
techniques

Apart from the analysis of certified reference samples, quality assessment of applied
quantitative methodologies can be carried out with comparison of food sample analysis
done by different methods. For example, analysis of a randomly selected cottage cheese
sample revealed quite good compatibility between values obtained by AAS and TXRF
(Figure 3.1).
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Figure 3.1. Compatibility between measurements (x+s; n_=5) of element concentration done
by AAS and TXRF for a randomly selected cottage cheese sample

Analysis of fifteen randomly selected hen egg samples by AAS and TXRF revealed
higher compatibility between measurements for macroelements, e.g., K and Ca, while
greater deviation between the measurements were observed for microelements, e.g., Zn
(Figure 3.2).
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Figure 3.2. Compatibility between measurements (x; n,=3) of K, Ca and Zn concentration
done by AAS and TXREF for randomly selected hen egg samples (n =15)
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It was possible to compare obtained measurement data for solid consistency food
samples and for liquid consistency samples. Measurements obtained from analysis of
samples with solid consistency (honey, pollen, bee bread) by AAS/AES and TXRF re-
vealed strong correlation for several elements. For instance, according to Pearson cor-
relation coeflicients, strong correlation between the applied methods can be attributed
to such elements as Ca, Cu, Fe, K, Mn and Zn (Figure 3.3). Thus there are no many
differences in the reliability of the applied analytical approach and the application quality
yields rather good results.
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Figure 3.3. Correlation between the element concentration values measured by TXRF and AAS
in solid consistency food samples (honey, bee bread, pollen) for Ca, Cu, Fe, K, Mn and Zn
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For liquid consistency samples (e.g., apple wine and apple juice) assessment of meas-
ured values revealed no strong correlation for Cu, Zn, Fe and Mn (Figure 3.4.) while
values detected for Ca and K correlated weakly. In the last case use of comparability with
the values found for analysis of reference samples can be used to made decision about
selection of best suitable analytical method. In case of some elements (e.g., Ni, Pb) inter-
pretation of results was limited due to their low concentration in analysed samples.
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Figure 3.4. Correlation between the element concentration values measured by TXRF and
AAS in liquid consistency food samples (apple wine and apple juice)
for Cu, K, Fe, Zn after direct analysis

Slightly stronger correlation was detected for the analytical measurements of mineral-
ised samples than for sample analysis without any pretreatment, e.g., Pearson correlation
coeflicients for Cu, Zn, Fe and Mn in solid consistency samples after mineralization were
0.922, 0.948, 0.714 and 0.606, respectively.

Statistical analysis of data showed that for several elements (e.g., Cu, Fe, Mn, Zn) ob-
tained results are well comparable among the applied analytical methods; however, in
case of elements with low concentration in samples methodological distinctions are of a
greater impact. In the study in each case optimal analytical method was used.

3.1.3. Comparative evaluation of food sample pretreatment procedures

Sample pretreatment such as wet digestion or dry ashing has to be applied to destroy
organic matrix of the biological and environmental samples that can influence the pre-
cision of measurements of micro- and macroelement quantitative detection by analytical
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techniques (Welna et al., 2011). As it was described in chapter Materials and Methods,
one honey sample was treated in several treatment ways to assess the possible influence
of sample matrix and the treatment procedures. In this case, high content of carbohy-
drates can influence the accuracy of detection of micro- and macroelement concentra-
tion. Comparative measurements were done by AAS and TXRFE. Measurements done by
TXRF showed that dry ashing helps to destroy sample matrix more efficiently as spectral
intensity was detected in higher rate and background fluctuations of signal were at mini-
mum; that allows more effective quantitative measurements of elements. On the contrary,
analysis of honey sample water solution by TXRF revealed the disturbances caused by
background influence. It can seriously affect quantitative detection of element content,
especially, if concentration of elements is expected to be very low. Results revealed that
wet digestion allows elimination of background influence caused by such organic matrix
elements as C, N, O, H, S. Spectral analysis revealed that background influence is signifi-
cantly lower after sample wet digestion than in case of samples in water solution. Results
of analysis for several elements are summarized in Table 3.5.

Table 3.5
Influence of pretreatment procedure on precision of element concentration measurements in a
randomly selected honey sample detected by TXRF and AAS

Concentration (x+s; n, =5), mg/kg (Coefficient of variation, %)

Element Wet digestion Water solution Dry ashing
TXRF AAS TXRF AAS TXRF AAS
Ca 48.9%£5.5 74.7£2.3 69.8+9.2 57.7x1.9 92.5%11.3 161.2+3.7
(11) (€) (13) (€) (12) @)
0.005+0.001 0.005+0.001
Co - <0.004 - (23) - (20)
Cr <0.26 <0.01 <1.59 <0.01 - 0.02020.005
(20)
Cu 0.42+0.05  0.17+0.01 0.34+0.05 0.13+0.02 0.95+0.14 1.47+0.28
(12) (6) (15) (15) (15) (19)
K 905£69 1342+56 1356209 1600378 677£65 963+77
(8) “) (15) 24) (10) ®)
Mn 2.17+0.09  1.93+0.02 3.97+0.71 1.85+0.22 1.19+0.11 1.89+0.09
(4) ) (18) (12) ©) (5)
Na ) 5.75+0.59 ) 8.67+1.19 i 123.32+22.16
(10) (14) (18)
. 0.32+0.05 0.11+0.01 0.04+0.01 0.10+0.02
Ni (16) <0.04 <0.43 6) (23) (18)
qp  194£0.05 ] 0.8320.09 ] 0.840.08 ]
3) (11) 9)
0.53+0.05
Sr <0.13 - - - ) -
0.64+0.04 0.74+0.09 0.35+0.03 0.43+0.05 0.63+0.11
Zn <0.47

(6) (12) ®) (12) a7
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Dry ashing and wet digestion can be assessed as more efficient sample pretreatment
methods than sample dissolution in water which can result in more precise quantitative
results. Although sample analysis after dry ashing revealed higher levels of elements, it
cannot be assessed as the best method due to several limitations such as higher risk of
sample contamination and losses of volatile elements. Therefore wet digestion can be esti-
mated as the most optimal pretreatment procedure that also is affirmed by lower disper-
sion values of obtained results such as standard deviation and coeflicient of variation than
it was observed for other sample pretreatment procedures. However, values or coefficient
of variation can be negatively affected by the fact that for some elements measured ele-
ment concentration was close to the limit of detection of applied analytical methods.

3.2. Concentration of elements in studied food samples

3.2.1. Concentration of elements in food of plant origin

Root vegetables. Samples of onions Allium cepa (n =98), carrots Daucus carota (n =81)
and potato tubers Solanum tuberosum (n=>55) as well as samples of potato peel (n =6)
were collected over the territory of Latvia as shown in schematic maps (Figures 3.5, 3.6
and 3.7).

{'s.  ESTONIA N
Pal ® A
©0

RUSSIA

BALTIC SEA

GULF OF
RIGA

- [ b o ©
gy

LITHUANIA od©

" 3:...?.9 /ji“i;/

BELARUS

Figure 3.5. Origin of onion (Allium cepa) samples'

! Here und further number of a sample is indicated on the map



60

"‘fﬂﬁ\ﬁ* ESTONIA N

BALTIC SEA

& . GULF OF
RIGA
o

(e2)
I B o |
2 @ L\mh
i @ (72) T :

LITHUANIA Q@7 ) 2 /
@ - defined origin \ -

o 20k B - unidentified origin @ BeLaRUS

Figure 3.6. Origin of carrot (Daucus carota) samples

/45 ESTONIA N
JM s
BALTIC SEA [50) N

c e )
' LITHUANIA ¢ L@ 9@@ o® Q f”
\| (2722 f./
N J'I‘J\RIHJ

-

.~  BELARUS

Figure 3.7. Origin of potato (Solanum tuberosum) samples



61

Nine microelements (As, Cd, Co, Cr, Cu, Ni, Pb, Se and Zn) were quantified, concen-
tration is expressed as mg/kg of dry weight (DW), if not stated otherwise. Mean moisture
content of samples was determined to be 90 % for onion bulbs, 91 % for carrot roots and
78 % for potatoes.

The sequence of analyzed microelements in edible parts of root vegetables grown in
Latvia was detected as follows: Zn >Cu >Ni >Pb >Cr >Cd >Co >As >Se (based on mean
values). Zn was the element detected in the highest concentration. The widest range of
Zn concentration was discovered for onion bulbs and carrot roots, 8.11-24.38 mg/kg
(mean 14.80 mg/kg) and 2.88-21.01 mg/kg (mean 9.02 mg/kg), respectively (Figure 3.8).
However, one outlier appeared among the samples of onion bulbs up to 40.66 mg/kg.
Potato tubers contained the lowest content of Zn (mean 6.35 mg/kg), while values for
potato peel were at medium level (mean 8.36 mg/kg).
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Figure 3.8. Concentration of Zn, Cu, Pb, Cr, Ni and Co detected in samples of root vegetables
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Literature data show that in root vegetables collected in Finland comparable Zn con-
centration has been detected: in onion bulbs 13-22 mg/kg, in carrot roots 21-23 mg/kg
and in potato tubers 10 mg/kg (Ekholm et al., 2007). Also data from study of vegetables
in Egypt were similar: mean concentration of Zn detected in onions was 11.4 mg/kg, in
carrots 7.69 mg/kg and in potatoes 7.16 mg/kg (Radwan and Salama, 2006).

Cu concentration in root vegetables grown in Latvia varied in similar range (range
of mean values 2.01-3.04 mg/kg), while potato peel contained the highest levels of
copper (mean 5.14 mg/kg). Pb is one of the toxic elements that may cause significant
adverse effects for human health (Hashmi et al., 2007; Kumar et al., 2007). Lowest
concentration of Pb was detected in onion bulbs. Carrot roots and potato tubers con-
tained similar concentration of Pb (from 0.02 to 0.47 mg/kg), but potato peel sam-
ples contained about 10 times higher concentration (range 0.62-1.06 mg/kg and mean
0.81 mg/kg) of Pb than any mean values for edible parts of analyzed root vegetables
(Figure 3.8). Also a study in Denmark revealed that vegetables with peel contained
much higher concentration of Pb than without peel. If vegetables were grown in con-
taminated soil, i.e., Pb content in potatoes with peel reached up to 0.226 mg/kg WW
(wet weight), while concentration of Pb in potatoes without peel was only 0.013 mg/kg
WW (Samsoe-Petersen et al., 2002). Potato tubers of different cultivars grown in Spain
contained 1.76-5.60 mg/kg of Zn and 0.23-2.29 mg/kg of Cu (Rivero et al., 2003),
but in a study of organically grown potatoes in Denmark the content of Zn was 1.98-
7.50 mg/kg WW, Cu 0.37-1.51 mg/kg WW and Pb 0.0025-0.024 mg/kg WW (Bibak et
al., 1998). Finnish scientists comparing microelement content in vegetables grown in
Finland between 1970s and 2000s found that concentration of such elements as Co, Cu,
Ni and also Zn has a tendency to decrease by 25 %, while concentration of Se and Pb in
2000s was detected higher (Ekholm et al., 2007).

Wide range of Ni concentration was observed for all analyzed root vegetables (from
0.034 mg/kg in potato tubers up to 0.594 mg/kg in onion bulbs). Cr and Co were detected
in comparably low amounts in edible parts of root vegetables. In comparison with edi-
ble parts of vegetables potato peel contained the exaggeratedly high values of Ni (mean
0.60 mg/kg), Cr (mean 0.65 mg/kg) and Co (mean 0.35 mg/kg) (Figure 3.8). A Finnish
study showed that carrots grown in Finland contained similar amounts of Ni and Co
with the current study, respectively, 0.48-0.60 mg/kg and 0.03-0.04 mg/kg, (Ekholm et
al., 2007). The data from a study with carrots grown in industrial area of Greece showed
that carrot roots can contain very high levels of elements, e.g., Cr up to 8.62 mg/kg and
Co up to 3.29 mg/kg (Voutsa and Samara, 1998), while other study from agricultural
areas of Greece revealed that carrots contain Cr 0.062-0.160 mg/kg WW and Co 0.009-
0.023 mg/kg WW (Stalikas et al., 1997).

Results regarding As were similar to those obtained for Ni, Cr and Co where edible
parts of vegetables contained significantly lower concentration than potato peel. Cd con-
tent in the widest range was detected in carrot roots (0.030-0.324 mg/kg), but the highest
average value referred to potato peel (mean 0.147 mg/kg) (Figure 3.9).

Other studies revealed different ranges of Cd concentration in vegetables. For example,
vegetables grown in Egypt contained 0.012-0.029 mg/kg, 0.006-0.018 mg/kg and 0.015-
0.026 mg/kg of Cd, respectively, onions, carrots and potatoes (Radwan and Salama, 2006);
but results from Finnish study showed the following mean values of Cd concentration: in
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Figure 3.9. Concentration of As, Cd, Se and Ag detected in samples of root vegetables

onions 0.03-0.15 mg/kg, in carrots 0.12-0.28 mg/kg and in potatoes 0.07 mg/kg (Ekholm
et al,, 2007). Other study in Romania revealed that carrot roots may contain Cd up to
3.39 mg/kg (Soceanu et al., 2007), but Cd content in carrot roots grown near zinc plant
in China reached up to 9 mg/kg (Zheng et al., 2007). Thus, the impacts of the basic soil
composition, soil contamination level in each study site as well as agricultural practices
(for example, compostion and application of fertilizers) may have major impact on the
metal accumulation. Organically grown potatoes contained very low concentration of Cd
(0.006-0.040 mg/kg WW) (Bibak et al., 1998).

Different results were detected for Se. Onion bulbs were richest in Se (range 0.001-
0.051 mg/kg), followed by carrot roots (a range from less than LOD to 0.027 mg/kg) and
potato tubers (a range from less than LOD to 0.013 mg/kg), but potato peel contained
the lowest concentration of Se (<0.003 mg/kg) (Figure 3.9.), thus indicating the element
behaviour and speciation form importance on its accumulation.

It has been reported in the past that soil in Latvia contained Se 0.054-0.340 mg/kg and
was estimated as selenium deficient soil. There are some plant species such as Allium sp.
that are tended to accumulate selenium (Duma et al., 2011; Zegnere and Alsina, 2008).
Current study also revealed that the highest concentration of Se was detected in onion
samples. Se enrichment of soils nowadays is applied in agriculture practice worldwide
(Ekholm et al., 2007; Hawkesford and Zhao, 2007); however, there were no information
available of possible Se enrichment of soils in Latvia.
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As and Se in vegetables have been detected only in few studies. For example, onion
bulbs analyzed in Spain contained 0.039 mg/kg of As and 0.010 mg/kg of Se but carrot
roots 0.241 mg/kg of As and 0.059 mg/kg of Se (Matos-Reyes et al., 2010). As and Se
concentration in carrots grown in an industrial area in Greece was 0.02-0.05 mg/kg of As
and 0.02-0.63 mg/kg of Se (Voutsa and Samara, 1998), while in carrot samples from ag-
ricultural areas of Greece As and Se were detected below the detection limits (Stalikas et
al., 1997). The study in Bangladesh revealed that in a case of As and also some metals, soil
characteristic parameters are of importance, e.g., moisture content of soil organic matter,
pH, soil texture and oxidation/reduction properties (Alam et al., 2003).

Within the European legislation there were maximum levels set for some metals in
root vegetables and peeled potatoes: for Pb 0.10 mg/kg WW and for Cd 0.10 mg/kg WW
(EC Regulation 1881, 2006). Recalculation of characteristic values obtained within the
current study from units of dry weight to units of wet weight revealed that maximum lev-
els of certain contaminants in analyzed root vegetable samples were not exceeded. Only
potato peel may contain Pb above 0.10 mg/kg WW; however, peel is not assessed as edi-
ble part of vegetables (Table 3.6.), but still this parameter can be used for environmental
monitoring purposes.

Table 3.6
Concentration of potentially toxic elements Cd and Pb detected in samples of root vegetables,
recalculated to mg/kg wet weight

Concentration (x _-x (x))!, mg/kg WW

Sample g s
Pb Cd
Onion bulbs 0.0000-0.0324 (0.0081) 0.0008-0.0201 (0.0049)
Carrot roots 0.0018-0.0898 (0.0172) 0.0026-0.0322 (0.0119)
Potato flesh 0.0041-0.0992 (0.0316) 0.0036-0.0612 (0.0208)
Potato peel 0.1342-0.1745 (0.2290) 0.0318-0.0578 (0.0171)

Analysis of macroelements in root vegetables revealed that K and Ca are the most
abundant elements. Data showed that carrots contained twice more of K and Ca than
onions. Also the concentration of Na, Mg and Fe in carrot roots was significantly higher
than in onion bulbs (Table 3.7). The comparison of element concentration in potato peel
and edible parts of vegetables revealed that there is significantly higher concentration of
elements in peel, for example, Fe concentration in potato peel was more than 30 times
higher and Mn concentration more than 7 times higher than in potato flesh that confirms
the barrier function of peel (Samsoe-Petersen et al., 2002).

The observed concentration sequence of macroelements K >Ca >Mg >Na in onions
grown in Latvia refers to literature data where onion cultivars grown in United Kingdom
(Chope and Terry, 2009) and Finland (Ekholm et al., 2007) were analyzed. However, in
the research done by A.E. Mohamed with colleagues (2003), where was investigated ele-
ment concentration in vegetable samples from Saudi Arabia, the macroelements ranked

1" Here and further X, - minimal value, X, - maximal value
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Table 3.7
Concentration of macroelements detected in samples of root vegetables
Concentration (x, -x (x)), mg/kg
Element Onion bulbs Carrot roots Potato bulbs Potato peel
(n=98) (n=81) (n=55) (n=6)
Ca 543.98-2850.18 2042.76-5154.75 83.64-458.72 597.03-1383.89
(1344.39) (3327.41) (186.70) (861.67)
Fe 8.77-45.66 9.71-460.43 5.96-22.89 462.79-850.64
(17.98) (30.86) (15.87) (593.20)
K 9598.32-28417.55 7906.00-63475.66 13780.49-27600.68  31725.69-42023.05
(17457.06) (29499.53) (20878.39) (38093.00)
Mg 455.19-1458.50 461.65-3097.23 587.47-1458.94 1412.30-2063.95
(791.92) (1407.51) (1047.67) (1631.66)
Mn 4.52-33.56 2.35-47.54 2.68-15.43 28.34-46.49
(10.89) (9.06) (5.50) (37.42)
Na 8.70-1204.41 150.40-13928.48 0.56-46.46 16.14-76.55
(153.59) (2082.48) (11.48) (53.04)

in a different sequence, ie., Ca >K >Mg >Na. Conditions in Saudi Arabia differ much
from those in Latvia, therefore, the detected differences obviously confirm that vegetable
and plant composition is dependent on site specific conditions as climate regime and soil
composition.

In general, the macroelement content of root vegetables grown in Latvia was compa-
rable with results from other countries with similar climatic conditions, e.g., carrots in
Finland contained K 23300-26500 mg/kg, Ca 2140-2250 mg/kg, Mg 1210-1500 mg/kg
and Fe 30-34 mg/kg (Ekholm et al., 2007).

Leafy vegetables. Lettuce Lactuca sativa samples, randomly selected samples grown
in Latvia (n.=7) and samples grown in contaminated soil (n=3) were analysed to detect
quantitative concentration of elements (Figure 3.10).

Concentration of elements detected in lettuce samples grown in contaminated soil is
not included in overall assessment, but it is discussed in the next chapter in the context of
impact of pollution on element concentration in food.

Twelve microelements (As, Ba, Cd, Co, Cu, Mn, Ni, Pb, Rb, Se, Sr, Zn) and five macro-
elements (Ca, Fe, K, Mg, Na) were quantified. In higher concentration there were detect-
ed such elements as Mn, Zn, Cu, Sr of which mean concentration was near or above
20 mg/kg (Figure 3.11.), while the concentration of other microelements varied but in
average were in lower concentration.

In comparison with other studies currently detected concentration of such microele-
ments as Zn and Rb was in good compatibility, but concentration of Mn, Cu and Sr in
other studies of lettuce was detected lower. For example, in a study done by D. Kelly and
A.S. Bateman (2010) in the UK concentration of Mn in lettuce samples was detected about
7-27 mg/kg, Zn 20-43 mg/kg, Cu 4-11 mg/kg, Sr 1.8-16.0 mg/kg and Rb 0.1-35.0 mg/kg.

Among the macroelements the highest concentration in analysed lettuce samples was
detected for K and Ca, followed by Mg, Na and Fe, based on the mean values (Table 3.8).
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Figure 3.10. Origin of collected lettuce (Lactuca sativa) samples (s) and samples grown in
contaminated soil (x); origin of apple (Malus domestica) fruit samples (a)
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Table 3.8
Concentration of macroelements detected in samples of lettuce

Element Concentration (x  -x (x); n=7), mg/kg
Ca 7163.32-13 232.29 (10291.54)
Fe 35.67-53.20 (43.86)

K 59 513.35-103 944.14 (75 368.14)
Mg 2405.17-4896.56 (3650.26)
Na 613.14-4228.94 (1545.67)

Concentration of macroelements detected in the current study was higher in compar-
ison to other studies, but the tendencies of element distribution were similar. In the study
done in the UK concentration of macroelements in lettuce samples was measured in fol-
lowing ranges: about 10-1600 mg/kg Na, 1500-2500 mg/kg Mg, 26 000-42 000 mg/kg K,
500-3700 mg/kg Ca and 25-77 mg/kg Fe (Kelly and Bateman, 2010).

Fruits. Apple tree Malus domestica fruit samples (n.=21) collected over the territory
of Latvia (Figure 3.10) were analysed. Fifteen microelements (Ag, As, Ba, Cd, Co, Cr, Cu,
Mn, Ni, Pb, Rb, Se, Sr, V, Zn) and five macroelements (Ca, Fe, K, Mg, Na) were quantita-
tively detected in peeled apple fruit flesh and in peel samples (1 =3).

In apple fruit flesh the highest concentration was detected for such elements as Rb, Cu,
Mn, Zn, Sr and Ba which mean concentration was near or above 1 mg/kg (Figure 3.12.),
while the concentration of other microelements was lower.

In the study of apple fruit analysis done in Croatia concentration of microelements
in apple fruit flesh was detected as follows: 0.84-7.79 mg/kg Zn, 0.29-1.27 mg/kg Sr,
but Mn and Cd concentration was below the limit of detection (Cindric et al., 2012).
Concentration of these elements detected in the current study are quite similar for Zn
and Sr (0.56-2.16 mg/kg and 0.29-2.54 mg/kg, respectively), but Mn and Cd concen-
tration was in range 1.20-4.50 mg/kg and <LOD-0.003 mg/kg, respectively. I.]. Cindric
with colleagues (2012) detected that Mn concentration in peel (4-6 mg/kg) was 2-3 times
higher compared to whole apple (0.7-1.7 mg/kg), but Cd was found only in peel, in the
concentration range of 0.4-1.1 mg/kg. In samples of apple fruit peel from Latvia higher
concentration was detected for several elements, if compared with apple fruit flesh.
Mean concentration of these microelements in apple fruit peel/flesh was following:
1.72/1.04 mg/kg for Sr, 1.84/0.91 mg/kg for Ba, 0.47/0.18 mg/kg for Ni, 0.30/0.16 mg/kg
for Cr, 0.027/0.010 mg/kg for V, 0.009/0.007 mg/kg for Co and 0.006/0.002 mg/kg for As.

Among the macroelements the highest concentration in analysed apple fruit flesh
samples was detected for K, Ca and Mg, followed by Na and Fe, based on the mean val-
ues. Concentration of Na was in range from 8.18 mg/kg up to 480.28 mg/kg, but concen-
tration of other macroelements was not so variable (Table 3.9).

Mean macroelement concentration in apple fruit flesh samples from other study done
in Croatia was 38 400 mg/kg for K, 8430 mg/kg for Na, 4040 mg/kg for Ca and 2710 mg/
kg for Mg (Cindric et al., 2012) which can be assessed as much higher values than detect-
ed in average for apple fruit flesh samples in Latvia. Macroelement concentration quan-
tified in apple fruit peel in average was slightly higher than in fruit flesh, respectively,
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Figure 3.12. Concentration of microelements detected in samples of apple fruits

Table 3.9

Concentration of macroelements detected in samples of apple fruits

Element Co?centration
(%, e (X%8); n.=21), mg/kg
Ca 158.38-608.33 (332.29+95.67)
Fe 2.80-8.53 (4.86+1.41)
K 7142.86-12 111.31 (9323.55+£1392.00)
Mg 256.97-408.04 (315.29+47.23)
Na 8.18-480.28 (39.86+101.16)




69

544.52 mg/kg for Ca, 6.38 mg/kg for Fe, 10 469.83 mg/kg for K, 321.06 mg/kg for Mg and
31.89 mg/kg for Na.

Cereal products. Samples of cereal meals, i.e., cereal mixtures for porridge prepara-
tion were collected within the current study. It should be remarked that due to product
specifics only some of the samples were produced in Latvia; however, overall comparison
of element concentration in products available for consumption for consumers in Latvia
is important issue within the food safety field. Collected products were divided in four
subgroups: a) mixed cereal meals (n =10) containing two or more types of cereals; b) rice
meals (n.=10); c) wheat meals (n =12); d) buckwheat meals (n =11).

The highest concentration of microelements were detected for Mn, Zn, Cu and Rb.
Ranges of concentration varied widely, for example, the highest variation of measured con-
centration of Mn, Zn and Cu were observed for wheat meal samples (2.31-70.60 mg/kg,
2.54-45.00 mg/kg, and 1.13-9.97 mg/kg, respectively) while the narrowest variation range
of Mn, Zn and Cu in average can be attributed to rice meal samples (6.82-13.26 mg/kg,
8.44-13.78 mg/kg, 1.02-4.08 mg/kg, respectively). At the same time some outlier values
were detected for rice meal samples, e.g., in two samples Mn concentration was detected
up to 58 mg/kg, in one sample 59 mg/kg of Zn and 9 mg/kg of Cu. Amongst mean values
the highest were detected in mixed cereal meal samples for Mn and Zn, and in buckwheat
meal samples for Cu and Rb (Figure 3.13).
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Figure 3.13. Concentration of Mn, Zn, Cu and Rb detected in samples of cereal meals
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Nj, Se, As, Co, Cd and Pb in cereal meal samples were detected in lower concentration
(Figure 3.14). While Se and Co in certain amounts are essential elements, As, Ni, Cd and Pb
are elements of concern, especially if detected in food produced for infants and children. Also
in literature it is reported that in comparison with milk based infant food, cereal based infant
food can contain higher amounts not only of essential elements, but also of toxic elements,
such as As, Cd, Sb (Ljung et al., 2011). There is not much information available about As or
other microelement concentration in wheat products produced for infants and children, but
some comparison can be done. For example, in Spain, infant food with wheat as predomi-
nant component contained up to 0.02 mg/kg of total As (Hernandez-Martinez and Navarro-
Blasco, 2013). In Sweden, in such organic wheat containing products as spelt flour and sem-
olina intended for infants, As concentration was less than 0.003 mg/kg (Ljung et al., 2011).
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For the comparison with other food analysis results from a study done in Canada, it
can be mentioned that the highest levels of total arsenic were detected in fish (>1 mg/kg),
while meat, bakery products and cereals contained lower content of As (0.02-0.03 mg/kg)
(Dabeka et al., 1993).

Regular intake of essential elements, minerals and vitamins is very important for hu-
man organism, especially, in childhood when growth and development is rapid. Therefore
the element entity in diet should be balanced and it is important to avoid the presence of
potentially toxic elements in food (Carbonell-Barrachina et al., 2012; Melo et al., 2008).

Among the macroelements the highest concentration was detected for K, Mg and Ca,
followed by Na and Fe (Table 3.10).

Table 3.10
Concentration of macroelements detected in samples of cereal meals
Concentration (x, -x (x)), mg/kg
Flement M"(‘Zd_cleg)eals Rice (n.=10) Wheat (1=12)  Buckwheat (n.=11)
Ca 91.86-3487.72 1.00-2849.67 5.90-2102.65 27.40-2418.26
(842.82) (509.06) (386.09) (553.05)
Fe 23.99-90.41 1.85-104.01 3.61-394.40 18.81-102.52
(36.15) (26.10) (54.92) (37.59)
K 3453.75-8654.74 699.20-5283.40 1019.89-4972.37 3078.26-6372.72
(4555.37) (2247.83) (3065.96) (4296.42)
Mg 403.22-994.05 109.31-1656.66 113.65-1755.80 909.33-2403.27
(781.50) (466.37) (731.68) (1659.66)
Na 1.93-2151.79 0.80-1464.52 0.94-1119.16 0.84-1081.62
(457.17) (261.30) (178.67) (189.03)

Mixed cereal meal samples contained higher concentration of Ca, K and Na in aver-
age, but wheat cereal meal samples contained significantly higher concentration of Fe.
Mg concentration was detected the highest for buckwheat meal samples. Rice meal sam-
ples contained lowest mean concentration of Mg and Fe.

3.2.2. Concentration of elements in food of animal origin

Cottage cheese. Samples of cottage cheese (n =27) were purchased from randomly se-
lected individual dairy farms and supermarkets in Latvia (Figure 3.15).

All samples chosen were labelled as cottage cheese derived from whole milk, i.e., cot-
tage cheese with content of fat not lower than 9 %. In total it was possible to determine
quantitatively seven microelements (Cr, Cu, Fe, Mn, Ni, Pb, Zn) and four macroelements
(Ca, K, Mg, Na) in analyzed cottage cheese samples.

The highest concentration was detected for Zn and Fe, 15.34-95.32 mg/kg and 0.51-
23.16 mg/kg, respectively; followed by Cu, Mn, Pb, Ni and Cr (Table 3.11).
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Figure 3.15. Origin of cottage cheese samples collected over summer season (v)
and winter season (z)

Table 3.11
Concentration of microelements detected in samples of cottage cheese

Element Coilcentration
(%, e (X£8)5 1.=27), mg/kg
Cr 0.023-0.251 (0.086+0.066)
Cu 0.13-1.69 (0.87+0.42)
Fe 0.51-23.16 (5.88+4.75)
Mn 0.15-1.31 (0.56+0.25)
Ni 0.017-0.710 (0.177+0.164)
Pb 0.013-1.065 (0.409+0.333)
Zn 15.34-95.32 (30.52+15.17)

Too high amount of possibly toxic microelements (Pb, Ni, Cr) in cottage cheese arise
qualms of potential risk for consumer safety while these elements can bring harmful ef-
fects for human health especially after long term intake. There are no maximum contami-
nation levels set for heavy metals in milk products except for Pb. Taking into account the
legal regulations of European Commission, the limit for concentration of Pb in raw milk,
heat-treated milk and milk for manufacture of milk-based products is set 0.02 mg/kg
WW (EC Regulation 1881, 2006).

Most abundant macroelements quantified in cottage cheese samples were Ca and K
followed by Na and Mg (Table 3.12).



73

Table 3.12
Concentration of macroelements detected in samples of cottage cheese

Element Concentration (x  -x  (x+s); n=27), mg/kg
Ca 1379.37-12291.22 (4124.44+2016.00)
K 752.98-8865.97 (4512.09+1559.65)
Mg 129.63-533.08 (326.88+89.68)
Na 233.67-1777.05 (970.35+335.11)

As it was not possible to find any previous studies about element content in cottage
cheese due to the regional specifics of this foodstuft, obtained results were compared with
average content of micro- and macroelements in milk. Numerical outcomes discovered
about threefold distinctions among average macroelement content for Ca, K and Mg
in favour of cottage cheese. For example, concentration of macroelements in milk are
1120 mg/L for Ca, 1360 mg/L for K, 110 mg/L for Mg and 530 mg/L for Na (Cashman,
2006). In general, content of elements in dairy products mostly is dependent on the com-
position of elements dairy animal feed (Ayar et al., 2009; Lante et al., 2006) as well and
can reveal the content of elements in soil, water and vegetation.

Hen eggs. Samples of hen eggs (n =33) were collected from different housing types of
poultry farms over the territory of Latvia as well as 24 samples over a year were collected
for detection of seasonality impact on element concentration in eggs (Figure 3.16).
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Figure 3.16. Origin of hen eggs from domestic farms (a), organic farms (b),
large-scale poultry farms (c) and samples for seasonality detection (s)
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In overall, twelve microelements (Ba, Cu, Cr, Fe, Mn, Ni, Pb, Rb, Se, Sr, Zn, V) and
four macroelements (Ca, K, Mg, Na) were quantitatively detected in egg albumen and egg
yolk samples. Element concentration for analysed egg samples are expressed in mg/kg
wet weight (WW).

There were detected significant distinctions between element concentration in egg
yolk and egg albumen samples. Concentration of Fe, Zn, Cu and Mn was much lower
in egg albumen samples (mean values 1.8 mg/kg, 0.5 mg/kg, 0.4 mg/kg and 0.2 mg/kg,
respectively) than in egg yolk samples (mean values 59 mg/kg, 39 mg/kg, 1.6 mg/kg and
0.7 mg/kg, respectively). Concentration of Ba and Rb varied in wide amplitude but in
average was higher for egg albumen samples (Figure 3.17).
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Figure 3.17. Concentration of Fe, Zn, Ba, Rb, Cu and Mn detected in samples of hen eggs
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Detected concentration of Sr, Cr, Ni, Se, V and Pb also varied according to analysed
sample type. While concentration of Sr and Se was significantly lower in egg albumen,
concentration of Cr and Pb was comparable in both groups of samples. But such elements
as Ni and V were not detected in egg yolk and only quantified in egg albumen samples
(Figure 3.18).
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Figure 3.18. Concentration of Sr, Cr, Ni, Se, V and Pb detected in samples of hen eggs

In comparison with values from other studies it was observed that obtained data are
in good compliance with overall tendencies. Higher concentration of Cr was detected in
egg samples from Belgium, Pb in samples from Italy, but Fe concentration was similar in
egg samples from countries with southern climatic conditions such as Brazil, Italy and
Turkey (Table 3.13).
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Table 3.13
Average concentration of several microelements in samples of hen eggs from different countries
(after Briggs and Wahlqvist, 1998; Waegeneers et al., 2009b)

Concentration, mg/kg
Co Cr Cu Fe Mn Pb Se Zn

Country  Sample type

Belgium Whole egg - 0.485 - - - 0.099 - 19.8
Brazil Whole egg - - - 110.9 - - - 68.6
Greece Eggalbumen  0.0011 0.068  0.25 - 0.035 - 0.066 1.4
Egg yolk 0.0049  0.090  1.28 - 0.705 - 0217  21.2

Italy Egg yolk - - - 119.1 - 0.260 - 77.6
Egg albumen - 0.152  0.39 1.9 0.121  0.006  0.004 0.7

Latvia* Egg yolk - 0.071 1.54 58.7 0.588 0.076 0.272  40.0
Whole egg - 0.052  0.95 26.5 0.278 0.072 0.113 14.6

Poland Eggalbumen  0.0016 0.022 0.24 0.2 0.047 - 0.087 0.2
Egg yolk 0.0044 0.235 1.65 70.3  0.648 - 0.327  43.0

Turkey Whole egg - - 270 112.0 - 0.061 - 67.5

* Current research

The highest macroelement concentration was detected in egg albumen for Na, while
egg yolk contains more Ca. Such elements as Mg and K in average were distributed
roughly equally in egg yolk and egg albumen samples (Table 3.14).

Table 3.14
Detected concentration of macroelements in egg samples
Concentration (x  -x (x); n=33), mg/kg
Element e :
Egg albumen Egg yolk

Ca 36.83-60.97 (49.72) 814.37-1461.14 (1063.27)

K 839.85-1255.12 (1098.30) 704.57-1495.86 (973.92)
Mg 81.39-179.26 (114.77) 47.14-129.24 (108.20)

Na 1053.08-2677.95 (1621.20) 211.71-706.76 (546.32)

In comparison with the data found in food fact sheets (USDA, s.a.) it can be observed
that element distribution in egg yolk and albumen is similar (Figure 3.19.)

In general, egg yolk samples are richer in micro- and macroelement than egg albumen
samples.

Bee products. Within the group of bee products honey (1 =80), pollen (n =5) and bee
bread (n=5) samples were collected over the territory of Latvia (Figure 3.20).

Quantitative analysis of bee products allowed detection of concentration for ten mi-
croelements (Cd, Co, Cr, Cu, Mn, Ni, Pb, Rb, Sr, Zn) and seven macroelements (Ca, Fe,
K, Mg, Na, P, S). Concentration of elements for analysed bee product samples is expressed
in mg/kg wet weight (WW).
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Figure 3.19. Comparison of distribution of some elements in egg yolk and albumen:
a) after data from literature (USDA, s.a.); b) current research
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Figure 3.20. Origin of bee products: pollen and bee bread (p),
and honey, including samples from organic farms (b)
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In general, pollen and bee bread samples contained significantly higher element con-
centration than honey samples. For example, Cd concentration in pollen was 33 times
higher, Cu - 29 times higher, Ni - 8 times higher and Pb - 15 times higher than detected
in honey samples (Table 3.15). Presence of such elements as Cd and Pb in the samples
of bee products suggests the important influence of environmental conditions. Studies
done in other countries reveal that content of Cd may vary from concentration near the
limit of detection in honey samples, e.g., from Hungary, Poland, Lithuania, Switzerland
and Czech Republic from (<LOD-1.55 pg/kg) up to 270-350 pg/kg in samples from
Macedonia and Italy, respectively (Buldini et al., 2001; Stankovska et al., 2008; Vincévica-
Gaile, 2010). The lowest concentration of Pb was detected in honey samples from Poland,
Lithuania and Switzerland (<LOD-3 pg/kg), but significantly higher concentration of Pb
was detected in samples from Slovenia — up to 79.1 mg/kg (Vincévica-Gaile, 2010), while
Pb and Cd concentration in honey samples from Latvia are tended to be very low (mean
0.03 mg/kg and 0.008 mg/kg, respectively).

Table 3.15
Concentration of microelements in analysed bee products
Concentration (x, -x (x)), mg/kg
Element
Honey (n.=80) Pollen (n=5) Bee bread (n,=5)
cd 0.002-0.150 (0.008) 0.09-0.62 (0.27) 0.02-0.12  (0.06)
Co 0.005-0.122 (0.011) 0.03-0.10 (0.05) 0.01-0.03 (0.02)
Cr 0.015-0.314 (0.175) 0.06-0.08 (0.07) 0.08-0.75 (0.22)
Cu 0.06-1.43 (0.28) 5.92-12.92 (8.19) 2.57-11.17 (7.86)
Mn 0.08-13.58 (2.44) 22.01-79.88 (39.43) 11.01-53.12 (32.01)
Ni 0.03-0.51 (0.06) 0.18-0.96 (0.47) 0.22-1.16 (0.71)
Pb 0.01-0.15 (0.03) 0.11-1.24 (0.46) 0.12-1.96 (0.50)
Rb 0.17-9.43 (1.34) 4.76-17.65 (9.69) 1.89-11.27 (6.25)
Sr 0.03-1.22 (0.12) 0.90-2.09 (1.31) 1.03-221 (1.48)
Zn 0.15-18.89 (1.56) 37.57-61.93 (48.82) 8.14-51.16 (33.61)

The legislation of European Union indicates maximum allowable limits for some po-
tentially toxic metals in several foodstuffs. For example, limits for Pb are 0.02-1.50 mg/kg
in certain food of animal origin and 0.05-0.30 mg/kg in certain food of plant origin and
for Cd 0.05-1.00 mg/kg and 0.05-0.20 mg/kg, respectively. Limits for Hg and Sn are set
for certain types of food (EC Regulation 629, 2008; EC Regulation 1881, 2006). However,
within the lists of contaminants or products regulated there is no honey or other bee
products included. Before the joining of Latvia in the EU there were restrictions for
some heavy metal content (e.g., for Pb and Cd) in honey set by the Cabinet of Ministers
(Dimins, 2006).

Similarly as observed for microelements also the highest macroelement concentration
was detected in pollen and bee bread samples (Table 3.16).
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Table 3.16
Concentration of macroelements in analysed bee products
Concentration (x  -x (X)), mg/kg
Element

Honey (n,=80) Pollen (n=5) Bee bread (n,=5)
Ca 17-272  (63) 1565-2205 (1836) 669-2606 (1668)
Fe 0.2-21.6 (4.0) 32.9-55.9 (43.8) 46.3-104.0 (73.4)
K 161-2314 (772) 5058-7715 (6417) 438-7592 (4608)
Mg 7-95 (23) 618-830 (756) 296-979 (700)
Na 4285 (25) 40-54 (47) 113-223 (159)
P Not analysed 13 125-15602 (14 447) 657-12 535 (7402)
S Not analysed 7310-9418 (8116) 509-7844 (4691)

Range of Ca concentration was observed from <LOD in honey samples from Poland
up to 409 mg/kg in honey from Italy. Concentration of Na in different honey samples
is similar and not much dependent on botanical origin, while concentration of Mg, Ca,
Mn and Zn are variable due to the botanical origin (Chudzinska and Baralkiewicz, 2010;
Fernandez-Torres et al., 2005; Silva et al., 2009).

3.2.3. Element concentration in beverages

Samples of beverages collected in Latvia and analysed within this study were apple
juice (n.=9), apple wine (n=5) and birch sap (n.=10); all samples were of local origin
(Figure 3.21).
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Figure 3.21. Origin of beverage samples: apple juice (s), birch sap (b) and apple wine (v)
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Quantitative analysis of beverages allowed detection of concentration for ten microe-
lements (Cd, Co, Cr, Cu, Fe, Mn, Ni, Rb, Sr, Zn) and six macroelements (Ca, K, Mg, Na,
P, S). Element concentration for analysed beverages is expressed in mg/L.

In comparison with other analysed food microelement concentration in beverages
was very low. The highest concentration was detected for Fe, Rb, Mn and Zn, but con-
centration of such microelements as Cd, Co and Cr was detected near limit of detection
(LOD) (Table 3.17). Apple juice samples contained higher concentration of Cu and Fe,
but in samples of apple wine higher levels of Ni and Sr were measured, while concentra-
tion of Ni and Sr in juice was below LOD.

Table 3.17
Concentration of microelements in analysed samples of beverages
Concentration (x  -x (X)), mg/L
Element

Apple juice (n,=9) Apple wine (1 .=5) Birch sap (1 =10)
Cd 0.0001-0.0011 (0.0004) 0.0002-0.0006 (0.0003) <LOD
Co 0.0003-0.0032 (0.0007) 0.0003-0.002 (0.0011) <LOD-0.046 (0.009)
Cr <LOD-0.0010 (0.0004) 0.004-0.110 (0.0535) <LOD
Cu 0.03-0.24 (0.11) 0.02-0.08 (0.04) 0.019-0.029 (0.025)
Fe 0.31-2.72 (1.24) 0.30-2.58 (1.10) 0.05-0.29 (0.13)
Mn 0.10-0.38 (0.24) 0.08-0.43 (0.24) 0.11-6.16 (2.55)
Ni <LOD 0.01-0.09 (0.03) 0.02-0.16 (0.09)
Rb 0.21-0.97 (0.48) 0.51-1.14 (0.75) 0.02-0.28 (0.14)
Sr <LOD 0.04-0.43 (0.17) 0.02-0.28 (0.12)
Zn 0.09-0.97 (0.25) 0.07-0.44 (0.23) 0.90-4.96 (2.03)

Information about element concentration in apple wine is very scarce, but it was pos-
sible to summarize information about average microelement concentration derived in
several studies of apple juice worldwide. The limiting factor for adequate data comparison
is use of different analytical techniques and sample pretreatment methods; however, over-
all trends in element content can be assessed. Highest concentration of Fe and Mn was
detected in apple juice samples from Latvia, but other element concentration was similar
or lower in comparison of literature data (Table 3.18).

Among macroelements the highest concentration of Ca was detected in birch sap
samples, but K and Mg in apple juice and apple wine. Such elements as S and P were not
detected in apple juice but only in apple wine revealing influence of fermentation process
on element changes in beverages; also in birch sap P and S were quantified (Table 3.19).
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Table 3.18
Concentration of elements quantified in apple juice from different countries
(after Farid and Enani, 2010; Magdas et al., 2012; Onianwa et al., 1999)

Concentration, mg/L

Country Cd Co Cr Cu Fe Mn Ni Pb Zn
Brazil - - - 0.336 - - - - 0.69
France - - 0.016 - - - - - -

Iran - - - - - - - - 0.56
Korea - 0.0300 - - - - - - -

Latvia* 0.0004 0.0007 <LOD 0.110 1.240 0.240 <LOD <LOD 0.25
Nigeria - - 0.010 0.535 0.416 0.056 0.013 - 0.47

Romania 0.0050 0.0008 0.056 0.315 - - 0.030  0.0027 0.16
Saudi - 00084 0007 0331 0338 0024 0007 - 0.55
Arabia
Spain - - 0.008 - - - - - -
USA - - - - 0.1-0.7 - - - -

* Current research
Table 3.19
Concentration of macroelements in analysed samples of beverages
Concentration (x, -x (x)), mg/L
Element
Apple juice (n,=9) Apple wine (1 .=5) Birch sap (n =10)

Ca 10-70 (30) 8-83 (35) 42-150 (94)

K 206-1390 (777) 117-1195 (617) 54-142 (87)
Mg 39-51 (43) 19-84 (51) no data

Na 1-25 (6) 7-26 (15) no data

P <LOD 17-106 (43) 3-41 (16)

S <LOD 9210 (75) 5-12 (7)

3.3. Conditions influencing element concentration in analysed food
samples

3.3.1. Impact of seasonality on element concentration in food

Cottage cheese. Comparison of micro- and macroelement concentration in cottage
cheese samples collected in Latvia over two seasons, summer and winter (Figure 3.15),
showed evidence of recognizable impact of environmental conditions on element occur-
rence in the final product of milk processing.

Content of all detected macroelements in cottage cheese derived in winter sea-
son was higher than in samples from summer season especially concerning Ca and K
(Figure 3.22.) which can be explained by animal feed and breeding distinctions between
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seasons. Dairy animals are fed by supplemented fodder during a winter season and this
factor can be most relevant for the increase of macroelement content in subsequently
derived food products such as milk and also cottage cheese.

Impact of seasonality is obvious also regarding concentration of microelements.
Obtained results revealed that potentially toxic elements such as Pb and Ni prevailed over
in the samples derived in summer season that can be associated with an impact of envi-
ronmental pollution on food chain soil-feed-milk.
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Figure 3.22. Average concentration of elements in cottage cheese depending on season

Higher concentration of microelements (e.g., Cr, Mn, Cu, Zn) can also be referred to
samples collected in winter season. However, some elements such as Fe, Ni and Pb are de-
tectable in higher concentration in samples from summer season. That can be associated
with influence of environmental factors such as airborne particle deposition on grassland
near roads or railway, e.g., particles containing Pb and Ni can become contaminants of
food chain. Seasonality of dairy cattle breeding differs especially due to different feeding
regime - feed used in winter is more enriched with vitamins, micro- and macroelements
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but in summer cattle can be fed on grassland and is likely exposed to possible environ-
mental pollution impact.

Hen eggs. Hen egg samples (n =24) were collected each month from April, 2011 to
March, 2012 in a courtyard farm at Aizkraukle, Latvia (Figure 3.16.) with known poultry
breeding conditions: in spring and summer season birds were kept in free-range condi-
tions outdoors with possibility to find feed and as additional feed grass, vegetables and
grains were fed; in autumn and winter season birds were kept in a shelter and fed with
ready-to-use combined poultry feed and grains. Determination of seasonal impact was
done within four seasons: winter, spring, summer and autumn. In overall, differences in
concentration of micro- and macroelements in hen egg samples affected by seasonality
were observed. Transfer and concentration of elements can be influenced by several fac-
tors associated with seasonality: specific climatic conditions, morphological and hydro-
logical conditions, environmental pollution (Brekken and Steinnes, 2004).

The highest mean concentration of microelements Fe, Zn and Mn was observed in the
egg yolk samples collected in summer, while in egg albumen element concentration
seasonaly varied unevenly (Figure 3.23). Considering the detected concentration of mi-
croelements in the current study in comparison to studies in Greece and Belgium, the
mean concentration of Zn in egg yolk was obtained higher in our study, but egg albumen
contained lower concentration of Zn (Giannenas et al., 2009; Waegeneers et al., 2009a;
Waegeneers et al., 2009b). The research in Belgium revealed seasonal Zn and Cu differ-
ences in whole egg samples between samples from spring and autumn seasons: Zn con-
centration varied from 19.2 mg/kg in spring to 20.3 mg/kg in autumn and from 0.52 mg/
kg to 0.43 mg/kg for Cu, respectively (Waegeneers et al., 2009a). In natural environment
the essential element Zn can be strongly enriched by precipitation and is uptaken in food
chain by plants and birds (Brekken and Steinnes, 2004).

The lowest concentration of Se in egg yolk was detected in samples from autumn
(0.08 mg/kg) but the highest in winter (0.13 mg/kg). Se mostly was detectable in sam-
ples of egg yolk, while in egg albumen Se was detected only in samples collected during
winter season (0.02 mg/kg). These differences can be related to poultry feeding specif-
ics as inclusion of nutritionally enriched complex food in winter. Concentration of Se
in egg yolk samples in detected in studies from Greece and Turkey was higher as it is
reported in the current study (Nisianakis et al., 2009; Uluozlu et al., 2009). The highest
concentration of Mn in egg yolk samples was detected in spring and summer season
(0.35 mg/kg). In egg albumen concentration of Mn increased in spring-summer sea-
sons (mean 0.30 mg/kg) but lowered in autumn-winter (mean 0.03 mg/kg). Also Ni
concentration higher was detected in summer season in egg albumen samples (mean
0.20 mg/kg) (Figure 3.24). In addition, Ni dominated in egg albumen samples, except
samples from spring season, when Ni was detected also in egg yolk. Similar tendencies
of Ni distribution in egg yolk and egg albumen were observed in the study done in
Greece (Nisianakis et al., 2009).

Concentration of Pb in both, egg yolk and albumen, was significantly higher in sum-
mer season (mean 0.13 mg/kg for yolk and 0.17 mg/kg for albumen) in comparison with
spring period (mean 0.03 mg/kg for yolk and 0.10 mg/kg for albumen). In samples from
winter and autumn seasons Pb was not detected.
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Figure 3.24. Seasonal differences in concentration of Rb, Ni, Pb and V in hen egg samples

This can be associated with impact of free range conditions on hen breeding during
spring and summer, due to the higher possibility to uptake potentially toxic elements
from rainwater, soil and air. Soil properties (e.g., soil pH, clay and organic matter content)
can influence element bioavailability not only for plants but also in upper food chain
segments (Brekken and Steinnes, 2004; Diez et al., 2009; Kabata-Pendias, 2004). Lower
probability to contact with outdoor environment and subsequently with potentially toxic
elements for poultry breed in free range is in winter season due to their breeding under
the caged conditions.

Observing seasonal tendencies of macroelement concentration ranges in hen egg
samples derived in Latvia, K and Ca in higher concentration was detected in samples
from winter season (Figure 3.25). The concentration of Ca and K lowered in summer
period collected hen egg samples (mean Ca 857 mg/kg and K 953 mg/kg for egg yolk and
33 mg/kg and 1177 mg/kg for albumen, respectively).

In comparison with the study done in Slovenia (Stibilj et al., 2002), current research
revealed higher content of macroelements in egg samples. That can be related to poultry
feeding specifics: in summer season the poultry was fed with seasonal food predomi-
nantly (grass, fresh vegetables and fruits), but in the autumn-winter season nutritionally
enriched complex poultry feed is fed. In overall, the tendency of increased microelement
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Figure 3.25. Seasonal differences in concentration of K, Ca, S and P
in hen egg samples

concentration in summer season was detected in contrary to concentration of macroele-
ments, revealing the relation with poultry feeding and free range conditions (Kucukyilmaz
et al., 2012).

3.3.2. Impact of site-specific conditions on the concentration of elements in food

Honey. For the assessment of site-specific conditions and geographical distribution of
elements in honey the samples were divided into sets based on the regional geological in-
formation of Latvia (Juskevics, 2000; Nikodemus, 2004). Arrangement of sample sets was
also tightly associated with historical regions of Latvia, i.e., Kurzeme, Zemgale, Vidzeme
and Latgale. Geochemical background of Latvia in details have been studied by A. Gilucis
(2007) who states that in Latgale region geochemical background of Pb, Cd, Sb, Ag, Se,
As and S concentration is lower than in other areas of Latvia, but concentration of Ni, Co,
Fe, La, K and Ga in Latgale and east of Vidzeme is heightened. Comparison of micro- and
macroelement content of honey in-between selected sets revealed that only for Cu, Fe,
Mg and V there are no substantial differences. Taking into account the known geochem-
ical distribution of elements, the interconnections of element content in honey detected
in current research cannot be unambiguously linked to the geochemical background re-
gionally. More influence on element content of honey can be attributed to site-specific
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anthropogenic activities, such as traffic intensity, agricultural and agrochemical actions
or other ways of environmental pollution. Deeper and more specific studies taking into
account site-specific impacts should be carried out.

Birch sap. Birch sap is a specific beverage derived in early spring from birch trees
Betula sp. It is consumed widely in the northern countries, including Latvia directly af-
ter collection from trees or after fermentation as well as used for preparation of syrup.
After the literature data the most abundant elements in birch sap are Ca, Mg, P, Mn and
Zn detectable in concentration usually above 1 mg/L. It has been detected that element
composition of birch sap can reflect geochemical background of such elements as Ag, Cd,
Pb and Zn, therefore, the analysis of samples with known origin can be used as a tool for
biogeochemical prospecting (Harju and Hulden, 1990).

As the origin of birch sap samples was known it was possible to compare detected
concentration of micro- and macroelements mutually and also with available data from
other studies done in Latvia and Lithuania (Table 3.20 and 3.21).

Table 3.20
Concentration of macroelements in birch sap
(data from current research and after Kuka et al., 2013; Viskelis ir Rubinskiene, 2011)

Origin of Concentration of element, mg/L
sample Ca Cl K Mg Na P S
Jelgava 53 - 41 - - 2.1 (as PO,)*> 36 (as SO,)*
Ozolpils 41 9 66 - - 2.4 (as PO,)*> 34 (as SO,)*
Azkraukle* 42 6 61 - - 7 <LOD
lecava* 50 16 54 - - 3 7
Preili* 150 8 87 - - 6 5
Seli* 86 6 92 - - 25 6
Stende* 142 7 142 - - 41 12
Lithuania 57 - 115 22 15 - -

* Current research

Table 3.21
Concentration of microelements in birch sap
(data from current research and after Kuka et al., 2013; Viskelis ir Rubinskiene, 2011)

Origin of Concentration of element, mg/L

sample As Ba Co Cr Cu Fe Mn Ni Rb Sr Zn

Jelgava - - - - 0.04 0.10 0.50 - - - -

Ozolpils - - - - - - 0.52 0.03 - - -
Azkraukle* - - - - 0.02 0.10 0.11 - 0.03 0.02 1.70
Tecava* - 0.07 - - 0.03 0.11 0.14 0.08 0.02 0.07 0.90
Preili* - 0.67 - - 0.03 029 1.77 0.16 0.18 0.12 1.69
Seli* - 0.26 - - - 0.05 6.16 0.02 0.19 0.11 0.90
Stende* 0.01 0.48 0.05 - 0.03 0.08 4.57 - 0.28 0.28 4.96
Lithuania - - - 0.02 0.09 0.67 1.17 - - - 1.49

* Current research
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Observed differences among the values element concentration can be assessed as quite
notable, but it is very complicated to make unified conclusions on impacts influencing
element content. According to data it is obvious that for example birch sap collected in
Preili and Stende contain higher concentration of elements but further studies are needed
to detect site-specific impacts influencing element content in food.

3.3.3. Impact of botanical origin on element concentration in food

Honey. For the statistical data analysis with the aim to detect impact of botanical or-
igin on the concentration of elements in honey samples they were divided in 7 groups
according to their botanical origin: 1) polyfloral not defined honey (n =33); 2) heather
and forest blossom honey (n =16); 3) rape and spring blossom honey (1 =5); 4) buck-
wheat and clover species honey (n =9); 5) linden honey (n =6); 6) meadows blossom hon-
ey (n=8) and 7) commercially manufactured honey mixtures with unknown botanical
origin (n =3).

To detect also impact of pollution attention was paid in detection of potentially toxic
elements. The analysis of honey samples collected in Latvia revealed that in overall po-
tentially toxic elements can be quantified in the following sequence: Zn >Al >Cu >Ni >Cr
>Pb >Co >Cd >As (based on mean results, n =80). Honey is known as the easily contam-
inable product if stored or processed by inappropriate, mostly metal alloys, equipment
(Joudisius ir Simoneliene, 2009) as well as a biological product that can reflect environ-
mental pollution or geochemical specifics of area where bees collect nectar (Fodor and
Molnar, 1993; Pohl, 2009). The overall list of metals detected leads to think of possible
contamination at storage and processing as, e.g., Al, Cu, Ni and Zn are the ordinary con-
stituents of metallic household and kitchen equipment.

Taking into account the botanical origin of honey collected in Latvia several differenc-
es in concentration of potentially toxic metals were detected among the species. The high-
est variability of zinc concentration was observed for commercially manufactured honey
mixtures (0.28-11.60 mg/kg), followed by heather / forest blossom honey and polyfloral
honey samples, while rape / spring blossom honey contained the lowest concentration
of this element (Figure 3.26). Some outliers appeared in the group of polyfloral honey
samples, i.e., one sample contained 18.89 mg/kg of Zn. Honey analysis in the neighbour
country Lithuania revealed obvious honey contamination with Zn up to 41.25 mg/kg in a
case when honey sample were kept in a vessel covered with zinc (Joudisius ir Simoneliene,
2009). That approves the importance of equipment materials used for honey storage and
processing. Although the widest spread of aluminium concentration was detected for
polyfloral honey (0.09-1.15 mg/kg), the highest mean concentration refer to the honey
mixtures (0.62 mg/kg) and heather / forest blossom honey (0.49 mg/kg). For comparison,
nectar honey samples collected in Czech Republic contained Al in higher levels (0.61-
5.49 mg/kg) (Lachman et al., 2007). Other studies showed that rape honey in Poland
may contain Al up to 11 mg/kg but buckwheat honey in less levels (up to 2.27 mg/kg)
(Chudzinska and Baralkiewicz, 2010).

The highest ranges of variability as well as the highest mean concentration of Cu
was detected for heather / forest honey samples (0.35 mg/kg) and buckwheat / clover
honey samples (0.25 mg/kg). Regarding the botanical origin in the study by Spanish



89

Zn Al
12 - 1.4 1
2101 o 1.2
=) > ]
E_ 8 g 1.0
5 S 08
26 £
= £ 06 | =
< <
@ 4 5
8 e 0.4
Q S
4 g I T 5 e o T
=
0 ! ! ! ! ! ! | 0.0 ; ; ; ; ; ;
1 2 3 4 5 6 7 1 2 3 4 5 6 7
Type of honey Type of honey
Cu Ni
1.2 4 0.12 4
210 010
o =
E038 £ 0.0 |
e -
o c
=06 £ 0.06 | %
8 8 =
g 04 1 S 0.04 é += L
= (5]
c
S o2 é é ? g 002 1
0.0 0.00

1 2 3 4 5 6 7 1 2 3 4 5 6 7

Type of honey Type of honey
1 — Polyfloral 5 —Linden

2 — Heather / forest blossom 6 — Meadows blossom

3 — Rape / spring blossom 7 — Honey mixtures

4 — Buckwheat / clover

Figure 3.26. Concentration of Zn, Al, Cu and Ni in honey samples of different botanical origin

scientists it has been found out that orange blossom honey may contain much high-
er values of Cu (42.59-90.90 mg/kg) than other honey types (Fernandez-Torres et al.,
2005), while mean (and maximum) values for rape and buckwheat honey in Poland were
0.17 mg/kg (1.69 mg/kg) and 0.91 mg/kg (1.55 mg/kg), respectively (Chudzinska and
Baralkiewicz, 2010).

Range of Ni concentration within the groups of honey samples was not as variable as
for other elements. The highest mean content of nickel was detected in heather / forest
blossom honey (0.054 mg/kg). However, detected values of Ni are much lower than de-
tected in Lithuanian honey samples 0.206-0.350 mg/kg (Joudisius ir Simoneliene, 2009)
and in nectar honey from Czech Republic 0.06-0.40 mg/kg (Lachman et al., 2007).

Different results were gained for lead. The highest levels of Pb were detected in linden
honey (mean 0.014 mg/kg) (Figure 3.27.) as well as in this group was detected one outlier
with Pb concentration of 0.147 mg/kg.

Contamination of linden honey with Pb might be connected with the possible impact
of pollution because linden trees widely grow in urban areas or near the roadways. In
Hungarian study Pb concentration was detected 0.024-0.163 mg/kg for polyfloral honey
and 0.017-0.144 mg/kg for acacia honey (Ajtony et al., 2007). But in Italian study lead was
detected 0.047-0.053 mg/kg for clover honey and 0.028-0.304 mg/kg for polyfloral honey
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Figure 3.27. Concentration of Pb, Co, Cd and As in honey samples of different botanical origin

(Pisani et al., 2008). Lead is an element which in long term can easily accumulate in living
organisms and may cause serious adverse effects (Kabata-Pendias and Mukherjee, 2007),
therefore, its presence in foodstufts should be kept under regular control.

In many samples chromium was detected below the detection limit (<0.02 mg/kg)
therefore it was not possible to make a box-whisker plot for this element. However, in
ones sample of meadows blossom honey Cr was found 0.31 mg/kg and in one linden hon-
ey sample 0.18 mg/kg, that might be resulted from traffic pollution taking into account
the site-specific conditions or geographical origin of these samples. Other studies reveal
that Cr might be found up to 0.09 mg/kg in polyfloral honey and up to 0.11 mg/kg in
acacia honey in Hungary (Ajtony et al., 2007) as well as 0.005-0.093 mg/kg in rape honey
in Poland (Chudzinska and Baralkiewicz, 2010). Cr contamination can be connected with
pollution created by anthropogenic activities.

The lowest concentration of Co was detected in linden honey but the highest varia-
bility for the heather / forest blossom (0.005-0.013 mg/kg) honey and meadows blossom
honey (0.006-0.013 mg/kg) while the highest mean was detected for manufactured honey
mixtures.

The widest range of Cd concentration was observed for polyfloral honey while the
highest mean value refers to commercially manufactured honey mixtures (0.006 mg/kg).
In the group of polyfloral honey some outlier values were detected with concentration of
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Cd 0.027 mg/kg and 0.012 mg/kg. Other studies show that concentration of Cd in honey
can be detected in higher levels, e.g., for rape honey up to 0.082 mg/kg and for buckwheat
honey 0.003-0.030 mg/kg in Poland (Chudzinska and Baralkiewicz, 2010).

Wide variability of arsenic concentration was detected for heather / forest blossom
honey, followed by linden and polyfloral honey groups. The highest mean concentration
refer to linden honey and heather / forest blossom honey (0.003 mg/kg). Arsenic has
been quantified in acacia honey up to 0.013 mg/kg and up to 0.006 mg/kg in polyfloral
honey in Hungary (Ajtony et al., 2007) and 0.0046-0.0055 mg/kg in clover honey and
0.0028-0.0111 mg/kg in polyfloral honey in Italy (Pisani et al., 2008).

Impact of botanical origin on the content of potentially toxic metals in honey is obvi-
ous. Overall average concentration was detected lower than in similar studies worldwide;
however, due to appearance of outliers significant contamination risks remain in some
cases. Taking into account mean values of quantified potentially toxic metals possible
honey contamination by honey type can be ranged as follows (from higher to lower ele-
ment content): commercially manufactured honey mixtures with unknown botanical or-
igin >heather / forest blossom honey >polyfloral honey >meadows blossom honey >lin-
den honey >buckwheat / clover honey >rape / spring blossom honey.

According to detected variability between the groups of honey samples and quanti-
fied elements, impact of botanical origin on element content in honey can be connected
with the growing conditions of the floral plant species. For example, some elements were
detected in higher levels in linden honey (Pb and As) and it is known that linden trees
are widely grown in urban areas or near the traffic lines that can be a source of element
contamination. Agricultural activities and use of agrochemicals and fertilizers also can
become a source of contaminants for some types of honey such as rape honey or buck-
wheat honey.

Honey storage and processing equipment can be assessed as one of the honey contam-
ination ways, especially for such elements as Al, Cu and Zn. This fact can be attributed to
commercially manufactured honey mixtures that might be processes with inappropriate
equipment.

3.3.4. Impact of processing or agricultural practice on the concentration
of elements in food

Root vegetables. Knowing origin and applied agricultural practice in growth of root
vegetable samples onions and carrots, it was possible to detect differences in element
concentration for vegetables grown under the different agricultural conditions. 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.

Regarding the analysis of onion bulbs, significant differences between the mentioned
subgroups were detected for several microelements. Sr, Ni, Cd, Se and Co were the el-
ements the amounts of which were significantly higher in onions grown in farmlands,
while Rb 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 microelements: carrot samples grown in allotment gardens
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were significantly richer in Zn, Mn and Rb. These coherences support the fact that farm-
lands are more likely influenced by possible contamination sources, mainly such as agro-
chemical impact that can result in increased amounts of potentially toxic metals in vege-
tables, but the microelement analysis of vegetables grown in rural allotment gardens may
reveal possible influence of geochemical background.

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 sam-
ples of species grown in farmlands. Taking into account the comparison of variances
by Fisher’s criteria and the results of performed appropriate t-tests for samples of onion
bulbs, only the content of sodium was significantly different in selected subgroups. The
mean score for the subgroup of samples grown in farmlands (M=186.59, n =17) was sig-
nificantly 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 ma-
jor elements between subgroups: content of K (M=1641.64, n =12) and Mg (M=31643.9,
n=12) in the subgroup of samples grown in allotment gardens was significantly high-
er 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 statistical data analysis
confirm the hypothesis that element uptake during plant development is to a great ex-
tent dependent on botanical properties of species as it is also revealed in related stud-
ies (Kabata-Pendias, 2004).

In overall, 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 significantly less amount of Rb. For carrots
significantly higher amounts of some elements (K, Mg, Mn, Rb, Zn) are contained in
samples from 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 road-
sides 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 al-
lotment gardens cannot be reliably assessed. Differences between selected subgroups may
arise as well as entailed by natural geochemical background peculiarities as from use of
soil fertilizers that can influence content of major elements or use of pesticides regarding
some trace elements. Therefore further studies are needed and certain regional geochem-
ical background of the origin place of samples should be taken into account within the
assessment.

Cottage cheese. As the provenance of the cottage cheese samples was established at
the moment of purchasing it was enough easy to compare content of micro- and macro-
elements in cottage cheese produced by individual dairy farms with those obtained from
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supermarkets where dairy products comes from large-scale manufacturers. The results
revealed considerable interconnections. Firstly, range of macroelements did not varied
significantly but it showed stable tendency that macroelements, especially Ca, prevailed
in cottage cheese samples from individual dairy farms (Figure 3.28).
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Figure 3.28. Concentration of elements in cottage cheese depending on producer

Secondly, concerning microelements all except Ni and Cu were also detected in high-
er amount in cottage cheese samples from individual dairy farms. These coherences in-
dicate of both, better dairy animal breeding conditions in small individual dairy farms
as well as higher possibility to contaminate the product with potentially toxic elements.
Conversely, animals in large-scale dairy farm complexes mostly have less possibility to
contact with environmental pollutants and they get more balanced supplemented fodder
equally all over the year. Another assumption for these distinctions can be related to milk
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processing equipment and manufacturing practice asset while in large-scale farms cottage
cheese production process is organized in more closed processing chains by applying au-
tomation which allows to avoid an unexpected contamination.

Comparison between element concentration in milk and cottage cheese (Table 3.22.)
revealed impact of processing.

Table 3.22
Comparison of average concentration of micro- and macroelements in milk
(after Cashman, 2006) and cottage cheese (data from current study)

Concentration, mg/kg* or mg/L**

Element

Cottage cheese* Milk**

Ca 4120 1120
Cr 0.090 0.002
Cu 0.87 0.09
Fe 5.88 0.50

K 4510 1360
Mg 330 110
Mn 0.56 0.03
Na 970 530
Ni 0.180 0.026
Pb 0.41 -
Zn 30.52 3.90

Data discovered about threefold distinctions between average macroelement content for
Ca, K and Mg in favour of cottage cheese. Such differences can be associated mostly with
the impact of milk fermentation and cottage cheese manufacturing peculiarities. But this
assumption could be verified only if the whole process of cottage cheese making would be
investigated step by step according to quantitative analysis of intermediate products. Unlike
the determined content of macroelements elevated levels of microelements in cottage cheese
can be explained by possible contamination during milk collection and transport, and
contamination during production by technical equipment used which may contain details
made from heavy metals and their alloys. It can be assumed that also impact of site-specif-
ic environmental conditions is of a great importance for microelement appearance in final
product. Dairy animal breeding under outdoor conditions, as it is typical for small individ-
ual dairy farms, can result in excess of contamination with heavy metals.

Hen eggs. Quantitative analysis of hen egg samples from different poultry housing
types in Latvia (Figure 3.16.) was done to reveal the impact of agricultural practice on
element concentration in eggs. The highest content was detected for Fe, Zn, Cu and Mn
in egg samples from organic farms (Figure 3.29). Also Pb concentration was detected
the highest in egg samples from organic farms. Other elements were detected in lower
concentration. In addition, Pb was not detected in any of egg samples derived from large-
scale poultry farms.

In all cases the highest mean values of elements were determined for egg samples de-
rived from organic farms, while element content of eggs from domestic farms and poultry
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Figure 3.29. Concentration of Fe, Zn, Cu, Mn, Pb and Se detected in hen egg samples from
different poultry housing types

farms was lower and relatively similar. As it is known that organic farming is strictly con-
trolled and use of chemicals is restricted within this agricultural practice (EC Regulation
889, 2008), the results detected in the present study could not be associated with possible
avian feed pollution of agricultural or veterinary chemicals, but might be connected with
the impact of environmental conditions on element content of egg samples, likely in rela-
tion to potential environmental contaminants (e.g., Cu, Pb, Zn).

Although organic farming is known as more clean and healthy food production than
conventional farming, obtained results within the present study regarding microelement
concentration in hen eggs were not in favour with this common assumption.

The differences among the hen eggs derived in different housing systems have been
detected also in previous studies. For example, it has been discovered that hen eggs de-
rived from poultry farms equipped with cage systems may have lower nutritional val-
ue and inferior taste compared to eggs from domestic farms and organic farms. Feed,
mineral supplements and water composition as well as impact of environmental condi-
tions such as indoor and outdoor conditions are assessed as the main influencing factors
(Dobrzanski et al., 2007; Giannenas et al., 2009; Kucukyilmaz et al., 2012) that may lead
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to food chain contamination with potentially toxic elements. P.S. Holt with colleagues
(2011) mentioned that hen eggs of free-range housing systems may become contaminat-
ed also through veterinary medicine that is given to protect hens against diseases and
parasites.

Comparison of macroelement concentration revealed tendency that higher concen-
tration are detectable in egg samples from organic farms (Figure 3.30). Only for Na and
Mg mean values were higher for samples from poultry farms that can be associated in
lower quality feed containing higher content of common salt.
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Figure 3.30. Concentration of S, P, K, Ca, Na and Mg detected in hen egg samples from
different poultry housing types

The highest values and most variable range of concentration of microelements were
determined for egg samples derived from organic farms, while egg samples from domes-
tic farms and large-scale poultry farms mostly contained lower content of elements. That
can be attributed not only to poultry feed specifics within different housing types but
also to the impact of environmental conditions such as indoor and outdoor conditions.
Such environmental contaminant as Pb was not detected in egg samples from large-scale
poultry farms where hen breeding is not affected by outdoor conditions. In general, the
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results confirmed the importance of the analysis of food composition that should be im-
plemented by taking into account specific conditions of food production and applied
agricultural practice.

3.4. Assessment of element bioavailability

Bioavailability of elements in food chain segments soil-plant and plant-human from
food of plant origin is a complex system involving complicated biochemical processes
and transfer reactions that are dependent on biogeochemical behaviour of corresponding
element, plant physiology and soil properties as well as are influenced by environmen-
tal conditions. Sequestration, soil weathering, pH, oxidation-reduction potential are just
some attributes that are of importance (Alexander et al., 2006; Chojancka et al., 2005;
Kabata-Pendias, 2004). In this chapter the results of experimental growing of food crops
in contaminated soil and speciation analysis of soil and lettuce samples are discussed.

3.4.1. Characteristics of soil samples

Accumulation of metallic elements and metalloids in plants can be affected by soil
properties such as pH, cation exchange capacity, content of organic matter and the tex-
ture of soil (Malandrino et al., 2011; Salazar et al., 2012; Walker et al., 2003; Xu et al.,
2013; Zheng et al., 2007). Within the present study five soil samples were used to evaluate
soil contamination effect. Soil contamination, analysis and the experiment of food crop
growth was done in a way described in details under the chapter Materials and Methods.
The analysis of soil samples involved determination of soil type and texture, pH (pH,,,
and pH,,), content of humic substances, cation base saturation, total element content
in soil prior contamination, and detection of element concentration in soil samples after

spiking.

a) Soil type and texture of mineral soil samples was primary detected in field condi-
tions (FAO, 2006; Pansu and Gautheyrou, 2006) and then approved by laboratory meth-
ods as pipetting and wet sieving (Van Reeuwijk, 1995). At the beginning soil type and
texture was identified in the field conditions as follows: 1 sample of fen peat soil and
4 samples of sod-podzolic soil (with higher or lower content of organic matter and clay
content) (Karklin$ u.c., 2009; Nikodemus, 2011), but precise soil type was identified at
the laboratory: S1 - fen peat soil; S2 — sod-podzolic soil / sandy loam; S3 - sod-podzolic
soil / sand; S4 - sod-podzolic soil / loamy sand; S5 - sod-podzolic soil / sandy clay loam
(FAO, 2006; Karklins u.c., 2009; Regulation 804, 2005). Characteristic soil texture of ana-
lysed mineral soil samples is shown in Figure 3.31).

b) Soil pH value can be considered as one of the most significant influencing factors
affecting element mobility and total bioavailability (Alloway et al., 2004). The highest pH
value was detected for fen peat soil S1, but the lowest value for sod-podzolic / sandy clay
loam soil S5, respectively, pH,, 5.31 and 4.61 in water solution and pH,, 5.06 and 4.11
in KClI solution (Table 3.23).

H20
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Figure 3.31. Soil texture of analysed mineral soil samples
(S1 - fen peat soil; S2-S5 - sod-podzolic soil)

Table 3.23
Detected pH of analysed soil samples
Soil sample description

Soil type Soil texture Abbreviation PHino P

Fen peat Not applicable S1 5.31 5.06
Sod-podzolic Sandy loam S2 4.93 4.38
Sod-podzolic Sand S3 5.05 4.56
Sod-podzolic Loamy sand S4 5.01 4.65
Sod-podzolic Sandy clay loam S5 4.61 4.11

In overall, according to the values obtained of soil sample water solution analysis, it
can be assessed that all soil samples are related to be of acidic media (Fan et al., 2009).
Metal mobility is proposed to be higher in acidic media than in alkaline media (Tao et al.,
2003), as well, it is in agreement with the average soil pH values (pH 4-8) corresponding
to temperate climatic zone conditions (Malandrino et al., 2011). It is suggested that plant
uptake of anions is more intensive from soils of acidic media while cations are taken up
more rapidly from soils of neutral and alkaline media (Tao et al., 2003).

¢) Soil organic matter expressed as content of humic substances in soil samples was
detected prior soil contamination and addition of humic substances and it varying in a
wide range from 2.9+0.15 % to 4.2+0.4 % in sod-podzolic soil (S2-S5) up to 29.3+8.6 %
in fen peat soil (S1) (Figure 3.32).

Obtained data corresponds with literature information as in average organic matter
content in sod-podzolic soil does not exceed 10 % and those can be named mineral soils,
while peat soil is naturally rich with high content of organics and can be attributed to
organic soils (Gilucis, 2007; Karklins u.c., 2009; Nikodemus, 2008).
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Figure 3.32. Soil organic matter expressed as content of humic substances (x+s; n_=3)
in analysed soil sample (S1 - fen peat soil; $2-S5 - sod-podzolic soil)

d) Cation base saturation and cation exchange capacity (CEC) in a great extent is
dependent on the organic matter content in soil and soil pH. Surface electric charge in-
creases with increasing pH and as a result sorption capacity of metallic elements and
metalloids increases, but element bioavailability reduces. On the contrary, if pH values
decrease and soil medium becomes more acidic, then anion sorption increases (e.g., in
case of metalloid As), but sorption of cations decreases. Cation base saturation and CEC
influence on bioavailability in food chain segment soil-plant is well explored for such ele-
ment as Zn (Fairbrother et al., 2007).

In analysed mineral sod-podzolic soil samples (S2-S5) cation base saturation varied
from 3.13 to 8.17 cmol/kg, that corresponds to soils of light structure with high level of
sand (Grant et al., 1998; Nikodemus, 2008). Significantly higher value (142.29 cmol/kg)
was determined for fen peat soil (S1) in comparison with other soil samples that can be
attributed to the naturally high content of organic matter (Table 3.24).

Table 3.24
Detected cation concentration and cation base saturation for analysed soil samples
. Cation concentration, cmol/kg Cation base saturation,
Soil sample
Ca** K* Mg* Na* cmol/kg
S1 124.53 0.46 16.57 0.72 142.29
S2 4.18 0.39 0.86 0.27 5.71
S3 2.37 0.18 0.26 0.31 3.13
S4 5.82 0.62 0.98 0.61 8.04

S5 5.78 0.56 1.29 0.53 8.17
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Although it is known that pH influences cation base saturation values, in the current
study weak correlation (r<0.5) between these parameters was detected.

The value of cation base saturation and CEC can be used for soil fertility description,
as it is stated that soils with high fertility contain calcium 60-80 % from total CEC and
other cations 20-50 % (Hodges, s.a.). Detected values revealed that Ca** content varies
from 71 % of cation base saturation for sod-podzolic soil / sandy clay loam S5 to 88 % of
cation base saturation for fen peat soil S1 (Figure 3.33).
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Figure 3.33. Ratio of cation content (Ca** versus sum of K*, Mg** and Na*) in analysed soil
samples (S1 - fen peat soil; S2-S5 - sod-podzolic soil)

Thereof it can be assessed that selected soil samples belong to soils of high fertility
and are applicable for crop cultivation, including experimental growth of crops.

e) Total element content of soil samples was measured prior the soil contamina-
tion procedure with the aim to detect natural geochemical background levels of elements.
Results revealed that in fen peat soil S1 the highest concentration of such elements as Ca,
Cd, Cu, Fe, Ni and Pb were detectable (Table 3.25.) that corresponds to assumption that
some element associations in soil are tightly connected with the organic matter content
(Gilucis, 2007). Highest concentration of Mn and Zn was detected for sod-podzolic soils
S4 and S5.

Sod-podzolic soil / sandy clay loam S5 contained significantly higher concentration
of Cr, Ni and Pb that can be associated with stronger sorption of elements on clay parti-
cles, as this soil sample was most rich in clay (Gilucis, 2007). Strong positive correlation
(r>0.8) was detected for such element pairs as Zn with Ca, Co, Cr, Fe, K, Ni, Mg; K with
Cu, Pb; Ca with Co, Mn.

f) Element concentration in soil samples after contamination procedure. Before
crop growing experiment soils were contaminated with substances containing metallic
elements as it was described in details previously in chapter Materials and Methods.
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Table 3.25
Concentration of elements in studied soil samples prior contamination
Element Soil sample
S1 S2 S3 S4 S5
Element concentration (x+s; n_=3), g/kg
Ca 24.88+0.24 0.98+0.03 0.60£0.03 1.18+0.09 1.03£0.07
Fe 20.60+0.22 10.94+0.62 3.50+0.24 5.25+0.17 14.21+0.54
K 0.89+0.02 1.87%0.09 0.52+0.06 0.84+0.02 2.12+0.15
Mg 1.93+0.08 1.83+0.08 0.61+0.02 0.97+0.03 2.36+0.11
Element concentration (x+s; n_=3), mg/kg

Cd 0.45+0.05 0.10+0.01 0.11+£0.10 0.17+0.08 0.08+0.02
Co 3.49+0.75 4.45+0.15 1.58+0.03 2.60+0.20 6.74+0.65
Cr 15.79+0.89 15.32+0.11 5.10+0.14 6.46+0.23 19.45+1.07
Cu 13.96+2.27 6.77+0.25 2.32+0.21 10.30+0.56 8.24+0.32
Na 66.1£13.2 61.0+£34.6 38.3+18.7 57.0+15.6 56.9+15.1
Ni 10.42+2.16 8.20+0.39 2.81+£0.27 4.07+0.35 10.66+0.44
Mn 241.7+16.6 194.1+£7.0 117.8+£10.7 395.7+26.1 401.0+31.6
Pb 14.66%3.16 6.29+1.35 3.22+1.70 5.86+1.49 8.73+0.78
7Zn 28.67+6.39 27.57+2.61 16.46%0.55 60.50+2.97 35.36+0.84

Measurements of actual concentration of Cu in soil samples after the contamination
with copper sulphate pentahydrate CuSO,x5H,0 solution at target contamination con-
centration of Cu 40, 70, 100, 130 and 200 mg/kg revealed tendency of hyperaccumulation
in case of fen peat soil S1 (Table 3.26.) at all Cu target concentrations. Slight hyperaccu-
mulation of Cu was observed also for sod-podzolic soil / sandy clay loam S5 that contains

higher amount of clay.

Table 3.26

Concentration of Cu in soil samples after contamination with CuSO, at different target
Cu concentration

Target Actual concentration (x+s; n,=3) of Cu in soil sample, mg/kg
Element concentration
40 138+1 49+3 44+2 53+2 60+2
70 220+12 702 71+4 8618 77+1
Cu 100 298 £3 95+1 100+8 116+5 118+5
130 408+24 137+4 126+4 150£12 243+50
200 654+1 195+1 205+3 218+1 224+2

Also after soil sample contamination with mixture of compounds containing metallic
elements Cd, Cu, Pb and Zn, hyperaccumulation was obvious for fen peat soil S1. On the
contrary, lowest concentration of elements was detected in sod-podzolic soil / sandy loam
S2 and sod-podzolic soil / sand S3 (Table 3.27).
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Table 3.27
Element concentration in soil samples after contamination with metal salt mixture

. Actual concentration of element in soil sample
Target concentration

Element e —— (xxs; n =3), mg/kg
S1 S2 S3 S4 S5
Cd 6 17£2 5+1 5+1 6+1 6+1
Cu 130 425+35 147+1 148+8 150+4 165+6
Pb 750 2232+199 737149 761148 751£10 865+29
Zn 300 880+73 296+53 345+23 359+9 349+11

Obtained data indicated tight relationship between soil contamination rate and organic
matter content in soil as well as soil texture is important if soil contains high amount of clay.

3.4.2. Accumulation of elements in experimentally grown food crops

The primary route of microelements, including metals, and transfer of them into the
food chain is realised through the soil-plant interaction within the certain ambient envi-
ronment. Sustainable micronutrient cycling is an important issue not only in case of es-
sential element transfer but also for the assessment of possible human health risks caused
by contamination of daily nutrition with potentially toxic elements (Yang et al., 2007).

To detect provisional bioavailability of elements and rates of element accumulation,
the quantitative content of elements was analysed in selected experimentally grown food
crops: radish Raphanus sativus L. ‘Saxa 2, leafy lettuce Lactuca sativa L. ‘Grand Rapids’
and dill Anethum graveolens L. ‘Mammut. Food crops were grown soil samples described
previously: S1 - fen peat soil; S2 - sod-podzolic soil / sandy loam; S3 - sod-podzolic soil
/ sand; S4 - sod-podzolic soil / loamy sand; S5 - sod-podzolic soil / sandy clay loam with
or without addition of humic substances. Contamination of soil samples in five target
concentration of Cu as well as contamination with a mixture of compounds containing
Cd, Cu, Pb and Zn at certain target concentration was applied as it was described previ-
ously. Control samples of food crops were obtained by growing them in uncontaminated
soils. It should be remarked that it was not possible to harvest all food crop samples due
to probably low tolerance of certain species or possible contaminant phytotoxicity, i.e.,
within the current experiment it was possible to harvest dill samples only grown in soils
enriched with solution of humic substances. Radish samples were not harvested from
contaminated soils at highest Cu target concentration (200 mg/kg). However, obtained
data were sufficient for overall assessment of element transfer from soil to plant.

a) Copper concentration in experimentally grown food crops. Cu concentration
was measured in lettuce, radish and dill samples grown in contaminated and control soils.

Radish samples grown in control soils containing in average 3.42+0.27 mg/kg of
Cu, while the highest concentration was about 40 times higher than the control (up to
123.60 mg/kg at Cu 130 mg/kg target concentration in soil) and it was detected for sam-
ples grown in sod-podzolic soil / sand S3 at all target copper contamination concentra-
tion (Figure 3.34). Cu concentration in samples grown with or without addition of humic
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substances differed significantly. If in some cases there were detected Cu hyperaccumula-
tion in radish samples grown in contaminated soils then in samples grown in soils with
enrichment of humic substances Cu concentration was detected up to 4 times lower.
Hyperaccumulation of metals in edible parts of plants can be linked to possible risks for
consumers, e.g., high doses of Cu in daily nutrition may lead to acute toxicity of human
organism (ATSDR, s.a.; Fraga, 2005). Regarding consumers, obtained results of element
content in food crops can be considered as worst case as concentration of elements are
expressed on dry weight (DW).

The lowest concentration of Cu was detected for radish samples grown in fen peat
soil SI1. It has been described that natural complex forming substances (e.g., humic acids
or humic substances) and synthetic solvents (e.g., ethylenediamine tetraacetic acid EDTA
or diethylenetriamine pentaacetic acid DTPA) used as chelators may influence metal ac-
cumulation in plants and can be used for metal removal from polluted soils (Inaba and
Takenaka, 2005). However, treatments by humic acids, if compared with synthetic che-
lators, in case of copper contamination showed higher potential to reduce copper toxic-
ity by involving metal ions in complex compounds in plants (Heemsbergen et al., 2010;
Inaba and Takenaka, 2005).

It was not possible to harvest radish samples from soils contaminated with Cu at tar-
get concentration 200 mg/kg. Burden growth of radish at high contamination of soil can
be associated with possible phytotoxic effects as copper is among the metals that induces
plant phytotoxicity as 20-100 mg/kg of Cu is excessive or toxic concentration for plants
depending on species (Kabata-Penidas and Mukherjee, 2007). Phytotoxic effects of Cu
excess in soils especially affect roots inducing defects in root system, reduced root growth
or damage of epidermal cells of plant roots (Chojnacka et al., 2005; Guala et al., 2010; Lin
et al., 2003).

Although lettuce samples grown in control soils contained in average 5.07+0.45 mg/kg
that is higher level than detected in radish control samples, in general Cu concentra-
tion in lettuce samples (Figure 3.35) was detected lower than for radish thus approving
that element accumulation in roots generally is more intensive than in leaves (Alloway
et al., 2004). Leafy vegetables such as spinach or lettuce are among the food crops with
tendency to accumulate higher amounts of elements than other vegetables (Alexander
et al., 2006). In a study done by PD. Alexander with colleagues (2006) quite similar re-
sults has been obtained for lettuce as in the current research. Lettuce samples of different
varieties were grown in soil contaminated with target concentration 130 mg/kg of Cu.
Copper concentration in lettuce was detected in range 6.73-12.55 mg/kg (control values
4.19-7.07 mg/kg) but no significant differences were statistically detected among different
lettuce cultivars.

The lowest copper concentration was found in lettuce samples grown in fen peat soil
S1 and sod-podzolic soil / loamy sand S4, soils with naturally higher content of organic
matter. The tendency of humic substances to reduce metal content in plants was clearly
detectable, e.g., for lettuce samples grown in sod-podzolic soil / sandy loam S2 with target
Cu 200 mg/kg concentration copper content was about 11 times lower in samples grown
in soil enriched with humic substances than without.

As it is reflected in figures, excess of Cu uptake by lettuce was observed for samples
grown in sod-podzolic soils S2 and S5, which contain higher amounts of clay particles.
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Major part of Cu in soils can be found in such chemical compounds that are tended
tightly to bind organic substances and other soil colloids, and therefore are not easily
accessible for plants (Lin et al., 2003); therefore more active accumulation in soils S2 and
S5 in this case is not linked to soil texture of the samples as these soils had higher content
of clay which can be a basis for colloid aggregation with trace metals. It is possible that in
this case plant uptake of elements from soil is affected by pH because sod-podzolic soils
S2 and S5 have slightly lower pH values than other soils.

Analysis of dill samples revealed that this is the crop with the lowest tolerance to
metal contaminants, especially due to the fact that it was not possible to harvest samples
from contaminated soils without addition of humic substances (Figure 3.36). Dill samples
grown in control soils contained in average 4.28+0.35 mg/kg of Cu. The highest concen-
tration of Cu in dill samples was detected mostly for sod-podzolic soil / sand S3, but the
lowest for fen peat soil S1, similarly as observed for radish samples. At high contamina-
tion levels in soil the uptake of Cu by dill plants was more extensive as, for example, in
dill samples grown in soils with Cu 200 mg/kg target contamination detected Cu con-
centration was 13-25 times higher than in control dill samples from the same soil types.

b) Cd, Cu, Pb and Zn concentration in experimentally grown food crops. After soil
contamination with mixture of compounds containing Cd, Cu, Pb and Zn at different
target concentration (respectively, Cd 6 mg/kg, Cu 130 mg/kg, Pb 750 mg/kg and Zn
300 mg/kg) several food crop samples were obtained. Multielement contamination nega-
tively affected plant growth as not all crop samples were possible to harvest. For example,
radish samples were harvested only from contaminated soils with addition of humic sub-
stance, but dill sample was obtained only one (from fen peat soil S1). Toxic effects in plants
can be observed at such concentration of elements: Cd 5-30 mg/kg, Cu 20-100 mg/kg, Pb
30-300 mg/kg and Zn 100-300 mg/kg depending on species tolerance (Kabata-Pendias,
2011; Kabata-Pendias and Mukherjee, 2007), therefore, burdensome growth of crops can
be related with possible phytotoxicity of studied microelements. Only lettuce samples
were resistant to pollution and thus harvesting in all contaminated soil types at all target
contaminations was possible.

Obtained results revealed different tendencies. It is known that not only Cu, as
mentioned before, but also such elements as Co, Cr, Hg, Ni, Pb, Sb, Se and Zn may be
soil contaminants and subsequently may be hyperaccumulated in plant leaves (Wuana
and Okieimen, 2011). Within the present study, in lettuce samples grown in soils con-
taminated with the element salt mixture and with addition of solution of humic sub-
stances, obvious hyperaccumulation of Zn, Cd and Cu was detected for several samples
(Figure 3.37). For example, in sod-podzolic soil / sand S3 Zn concentration in lettuce
reached 4125.43 mg/kg and in sod-podzolic soil / loamy sand S4 4091.06 mg/kg while
control samples of lettuce grown in uncontaminated soils contained only 62.50 mg/kg
and 79.35 mg/kg, respectively. Addition of humic substances into these soils resulted in
lower Zn concentration in lettuce 654.48 mg/kg and 597.78 mg/kg, respectively; however,
anyway exceeding true Zn concentration detected in soil.

Taking into account different target concentration of contaminants, the sequences of
analysed metals in plants were detected as follows: Zn >Cd >Cu >Pb, based on mean
results.
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Such metals as Cd, Cu and Pb are well known pollutants of environment and agricul-
tural soils. Element uptake in large amounts can lead to toxic effects in plants and subse-
quently in animals and humans. At the same time Cu and Zn are essential micronutrients
for plants but Pb and Cd are not involved in biological functions, but can be taken up
by plants in different intensity depending on element content in soils and plant species
(Zheljazkov et al., 2006).
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Figure 3.37. Concentration of Cd, Cu, Pb and Zn in lettuce samples grown in soils
contaminated with element salt mixture, with or without addition of humic substances
(S1 - fen peat soil; S2 - sod-podzolic soil / sandy loam; S3 - sod-podzolic soil / sand;
$4 - sod-podzolic soil / loamy sand; S5 - sod-podzolic soil / sandy clay loam)
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Radish sample analysis also revealed Zn hyperaccumulation tendency (Figure 3.38).
Highest content of contaminants mostly was detected for radish samples grown in
sod-podzolic soils $3 and S5 while samples grown in soils with higher content of organic
matter contained relatively lower concentration of elements, e.g., for fen peat soil S1 and

sod-podzolic soil / loamy sand S4.

Average natural concentration of elements in plants, as it was mentioned in literature,
has been estimated as follows: Cd 0.01-0.2 mg/kg, Cu 5-30 mg/kg, Pb 5-10 mg/kg and
Zn 25-150 mg/kg (Kabata-Pendias, 2011; Kabata-Pendias and Pendias, 2007). That is in
agreement with element concentration in crop samples grown in uncontaminated control
soils, e.g., concentration of elements in radish samples was: Cd 0.06-0.15 mg/kg, Cu 4.54-

5.87 mg/kg, Pb <1 mg/kg and Zn 4.54-5.78 mg/kg.
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Figure 3.38. Concentration of Cd, Cu, Pb and Zn in radish samples grown in soils
contaminated with element salt mixture, with addition of humic substances. (S1 - fen peat
soil; S2 - sod-podzolic soil / sandy loam; S3 - sod-podzolic soil / sand; $4 - sod-podzolic soil /

loamy sand; S5 - sod-podzolic soil / sandy clay loam)
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Metal transfer from soil to plants is dependent on various chemical processes such
as chelation, absorption and desorption, precipitation and dissolution. Z.L. He with col-
leagues (2005) defined that chelation is the process during which trace elements form sta-
ble complexes with organic or inorganic ligands’. It is supposed that chelation is the main
factor that affects copper accumulation in lettuce grown in soils added with solutions of
humic substances. In several studies it was described that characterization of quantitative
transfer of metals from soil to plants can be estimated by so called transfer factor (TF) or
soil-plant partition coefficient. Transfer factor reveals the ratio of contaminant concentra-
tion C | in plants versus contaminant concentration C_ in soil (Alexander et al., 2006;
Cho]ancka et al,, 2005). Higher values of transfer factor reﬂect greater ability of plants to
accumulate metal whereas lower values of transfer factor show the intensity of sorption of
metal ions to soil colloidal particles (Hao et al., 2009). Transfer factor can be variable due
to several influencing factors; however, A. Kloke with colleagues (1984) have suggested
mean transfer factor values for some metals, e.g., 0.01-1.00 for Cu and Pb, 1-10 for Zn, to
be used for the assessment of metal transfer from soil to food and feed plants. Calculated
values for theoretical transfer factor in this study fall within the suggested mean bound-
aries. Such soil properties as low pH and low content of organic matter as well as met-
al depositions from atmosphere and anthropogenic activities can lead to high values of
transfer factor in case of Cu in ambient environment (Hao et al., 2009; Kloke et al., 1984).

Transfer factor calculation was performed for lettuce and radish samples grown in se-
lected soils contaminated with compound mixture containing Cd, Cu, Pb and Zn. Results
revealed the highest TF values for Zn (>10) for lettuce grown in some sod-podzolic soils
(52-S4) without enrichment of humic substances, while significantly lower TF values
were detected for lettuce and radish grown in soils with addition of humic substanc-
es thus highlighting organic matter importance in element transfer from soil to plants
(Table 3.28).

Table 3.28
Transfer factors (TF) for lettuce and radish samples grown in soils contaminated with salt
mixture containing Cd, Cu, Pb and Zn

TF in corresponding soil sample without (S) or with (S;,) addition of

Element Food humic substances
P 2 s3 sa ss o os1, s, 3, S4, S5,
oq |lettuce 01l 184 152 106 063 009 04l 053 035 050
Radish - - - - . 006 043 031 018 035
o, |lettuce 002 049 155 082 004 002 01l 007 007 008
Radish - - - - . 002 018 033 016 006
by Letuce 0005 028 064 059 003 0003 009 007 002 004
Radish - - - - - 0005 009 016 004 0.09

Lettuce 0.48 1047 11.95 1143 151 038 129 190 1.67 121
Radish - - - - - 028 348 331 221 2.12
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Comparing individual elements, the lowest TF values were observed for Pb. TF is
higher for plant roots than for leaves.

It was calculated that Cu in interaction with other metals (Cd, Pb, Zn) accumulates in
lettuce up to 32 % more than if soils are contaminated with one element, if soils are addi-
tionally enriched with humic substances. If no humic substances are added, accumulation
of elements can reach up to 93 %. In radish samples accumulation rate is lower — 27 % for
plants grown with addition of humic substances.

3.4.3. Assessment of element bioavailability in food chain segment soil-plant

Tentative assessment of provisional bioavailability of elements in different soil samples
was performed by speciation analysis to understand the possible tendencies in element
accumulation in soil and following uptake by plants. Speciation analysis allowed detec-
tion of element distribution in five selected fractions of soil sample extracts as follows:
1) fraction of water soluble compounds; 2) fraction of acid soluble compounds; 3) frac-
tion of compounds in reduced forms; 4) fraction of compounds bound with organics;
5) fraction of compounds bound with sulphides (Arthur et al., 2007; Malandrino et al.,
2011; Tessier et al., 1979).

Distribution of elements in fractions after speciation analysis revealed some differenc-
es among soil samples, mainly between fen peat soil S1 and sod-podzolic soils (S2-S5) in
general. Largest fraction of elements in reduced forms of compounds corresponded to
fen peat soil S1 and sod-podzolic soil / loamy sand S4, respectively, 41% and 35 % - the
soils containing high content of organic matter. The largest fraction of elements bound in
sulphide compounds was detected for sod-podzolic soil / sand S3 (39 %), but it did not
much differed among other soil samples, respectively, 27-35 % (Figure 3.39).
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Figure 3.39. Distribution of elements by fractions in analysed soil samples

(S1 - fen peat soil; S2 - sod-podzolic soil / sandy loam; S3 - sod-podzolic soil / sand; S4 - sod-
podzolic soil / loamy sand; S5 - sod-podzolic soil / sandy clay loam)
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Fraction of water soluble compounds was the smallest (3-7 %) followed by fraction
of acid soluble compounds (7-12 %). It suggests that only small amount of total content
of elements in soils can be taken up by plants and used in biochemical processes, while
the major part of elements are bound in fractions of compounds with significantly lower
bioavailability.

It was possible to detect 10 elements (As, Cd, Co, Cu, Ni, Pb, Rb, Sr, V and Zn) in soils
samples by fractions. Distribution of individual elements by fractions among soil samples
differed widely. For fen peat soil S1 in fraction of water soluble compounds the highest
content was detected for Cu, followed by Sr, Ni and Zn (Figure 3.40).
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Figure 3.40. Element distribution by fractions in fen peat soil (S1)

In fraction of acid soluble compounds Sr, Zn, Ni and Co was found in considerable
concentration, while such elements as As, Pb, Rb and V mostly were bound in other frac-
tions suggesting their lower bioavailability.

Also in sod-podzolic soils (S2-S5) in fraction of water soluble compounds Cu was the
only element found in considerable concentration. However, for soil S5 (sandy clay loam)
also Zn was found in relatively high concentration in form of water soluble compound
(Figure 3.41).

In sod-podzolic soils (52-S5) Cd and Sr were the most abundant elements of the frac-
tion of acid soluble compounds, while the greatest part of elements (e.g., As, Ni, Pb, Rb,
V, Zn) mostly were bound with sulphides suggesting their low solubility and, respectively,
expecting lower rate of bioavailability.

In fraction of water soluble compounds highest rates were attributed to such elements
as Cu, Cr and Zn. D.A. Heemsbergen with colleagues (2010) have outlined that Cu avai-
lability for plants is dependent on speciation of substance applied, i.e., is it salt or not;
however, copper solubility can be increased by complex formation with dissolved organic
matter but bioavailability in this case can be not changed or even can be reduced.
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Figure 3.41. Element distribution by fractions in sod-podzolic soils (S2-S5)

Taking into account values of Cd, Cu, Pb and Zn content, as these there were ele-
ments exploited in the soil contamination and crop growing experiment, it can be as-
sessed that Cu is the element most of all detectable in the fraction of water soluble com-
pounds. Among these elements, Pb can be assessed as the least bioavailable element, as it
was found more bound in compounds with low solubility. In the fraction of acid soluble
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compounds dominant elements were Cu and Zn, but bound with organics they were less
bioavailable. It suggests that in general Zn and Cu are elements which are more bioavaila-
ble for plants than Cd and Pb. This conclusion is well related with the existing knowledge
of Zn and Cu physiological functions as much as these elements are essential micronutri-
ents, while physiological functions of Cd and Pb are nearly insignificant and their abun-
dance naturally is low.

Highest levels of elements in grown crops were detected mostly in sod-podzolic soil /
sand S3. In comparison with other soils, sod-podzolic soil / sand S3 contained Cd in acid
soluble forms which bioavailability is dependent on pH. As well in this soil type there was
the highest concentration of Cu (51 %) that was bound in fraction of water soluble com-
pounds. That can explain higher Cu uptake by plants from sod-podzolic soil / sand A3.

Obtained results reveal that organic matter content in soil can significantly influence
element uptake by plants. The lowest element concentration in food crops almost in all
cases was detected for plant samples grown in fen peat soil S1. For example, Cu content
bound in fraction of water soluble compounds in fen peat soil S1, and also in sod-podzol-
ic soil / loamy sand A4, where there was naturally higher content of organic substances,
was much greater than in the same fraction of sod-podzolic soil / sand S3 with low con-
tent of organics.

In overall, it was detected that in soils elements were in the lowest content in fraction
of water soluble compounds, but in highest content bound in low soluble compounds
that suggests that majority of elements in soils would not be bioavailable for plants.

3.4.4. Assessment of element bioavailability in food chain segment
plant-human; the case study with lettuce

Element bioavailability in food chain segment plant-human is complicated and affect-
ed by different factors including environmental conditions such as natural background of
elements in soil and drinking water, chemical characteristics of substance and biochemi-
cal conversions within the individual organism. Tentative assessment of element bioavail-
ability from plants was done by speciation analysis of lettuce samples with the aim to un-
derstand the fundamentals of element transfer from environment to food. Extraction of
elements was done in three fractions: 1) fraction of water soluble compounds; 2) fraction
of acid soluble compounds; 3) fraction of compounds in reduced forms. It was possible to
detect 12 elements (As, Ba, Cd, Co, Cu, Mn, Ni, Pb, Rb, Se, Sr and Zn).

Distribution of elements into selected fractions revealed that greatest part of elements
can be found in fraction of water soluble compounds (47 %), following by fraction of re-
duced forms of compounds (37 %) and fraction of acid soluble compounds (15 %) which
quite differs of element distribution by fractions in soil. Also for individual elements,
except As, distribution by fractions is similar. Arsenic was the element mostly found in
fraction of reduced forms of compounds 93 % (Figure 3.42), thus suggesting its low bio-
availability in food chain.

Analysis revealed that in the fraction of water soluble compounds in higher concen-
tration (>50 %) were elements such as Co, Cu, Ni, Pb, Rb and Se and this tendency in fa-
vour of essential elements, but can lead to increased toxicity of potentially toxic elements.
Such elements as As, Ba, Cd, Sr were found in higher concentration in the fraction of
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Figure 3.42. Element distribution by fractions in lettuce samples

reduced forms of compounds. Taking into account these findings after the study with let-
tuce it can be estimated that for largest part of elements transfer from soil to food plants
is fairly low; however, other food contamination sources have to be evaluated.

It is assumed that generally the assessment of environmental pollution is based on the
total concentration of elements assessed as potential pollutants, not taking into account
their speciation forms which in a great extent may affect element fate in environment as
well as in biochemical processes in living organisms. Depending on the chemical charac-
ter, the intensity of impact of metals and non-metals on biota can be changed, in worst
case inducing toxic effects on plants as well as on animal and human organs and tissues.
Therefore, detection only of total metal concentration in a matrix (e.g., soil, water, bio-
mass) is not effective method for assessment of element fate and pollution risks in envi-
ronment (Harmsen and Naidu, 2013; Remon et al., 2013; Wang et al., 2004).



116

CONCLUSIONS

= Obtained results revealed recognizable influence of several factors (impact of sea-
sonal, site-specific, botanical origin, applied agricultural practice, processing) on the
concentration of elements in analysed food samples but pattern of element transfer is
not uniformed and depends on composition of foodstuff or foodstuff group in asso-
ciation with environmental conditions within the formation or production process of
foodstuft.

= Assessment of natural environmental conditions such as seasonality revealed differ-
ences in element concentration for analysed food samples of animal origin indicating
tight linkage with the agricultural practice applied in production of food. Indirectly
this impact can be associated also with influence of environmental pollution.

= Assessment of anthropogenic impact factors such as applied agricultural practice re-
vealed distinctions in the element (e.g., Cd, Co, Na, Ni, Se) composition among the
species of vegetables grown under different agricultural conditions that is linked to
various tendencies and intensity in use of agrochemicals and fertilizers; however, it is
strongly dependent on the crop species.

= It is important to emphasize detected differences between organically and conven-
tionally derived foodstuffs that indicate the impact of element composition from envi-
ronment as well as of natural origin such as geochemical background and of anthro-
pogenic origin as environmental pollution. Conditions of organic food production
should be explored for the recognition of possible impact of environmental condi-
tions that can affect food composition.

= Comparison of element content in edible and non-edible parts of vegetables revealed
that several microelements, including potentially toxic elements (e.g., As, Co, Cr, Pb)
are tended to remain in peel while other elements (e.g., Cd, Se, Zn) are taken up by
crop tissues and therefore may become food chain contaminants more easily.

= Site-specific impact on concentration of elements in food cannot be assessed unam-
biguously as detected distribution of elements, e.g., in honey samples, revealed some
geographical differences, but strong correlation with characteristic environmental
conditions was not identified. The impact of site-specific factors taking into account
the environmental specifics of Latvia could be assessed as more relevant; however,
further more specific studies should be implemented.

= Experiment of element transfer and bioavailability assessment in food chain segment
soil-plant ascertained that the uptake and accumulation of metals and metalloids by
food crops is significantly affected by soil organic matter content among the other
soil properties. Soil texture can be assessed as another important factor that can af-
fect element transfer from soil to plants as well as the selective ability of plant species
to accumulate some chemical elements can be accented. The properties of organic
substances to bind heavy metals in stable complexes can be developed as a prospec-
tive trend for practical use of application of humic substances on metal contaminated
soils, e.g., in agricultural lands.

= Assessment of element bioavailability data in food chain revealed that only a small
part of elements can be available up the food chain from soil to upper segments soil-
plant-human. However, cumulative accumulation can occur if element concentration
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in the environment is high. It can lead to subsequent risk for humans as consumers
on the highest segment of food chain. Detected tendencies of element bioavailability
dependent on soil composition can be useful tool for risk analysis.

Influence of both natural and anthropogenic environmental conditions may cause
food contamination with potentially toxic elements that is the issue of high impor-
tance regarding consumers’ safety. Therefore, regional monitoring of food composi-
tion is preferable, especially regarding domestic production. In overall, quantitative
analysis of food samples revealed the significance of food research within the context
of environmental science, chemistry and health sciences, and this investigation has to
be developed in the future in larger scale.
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APPENDICES
Appendix I

The main food sources of essential and possibly essential elements and their functions in

human organism

(after Aras and Ataman, 2006; ATSDR, s.a.; Berdanier et al., 2007; Briggs and Wahlqvist, 1998;
Comb, 2005; DiSilvestro, 2005; Kabata-Pendias and Mukherjee, 2007; Schrauzer, 2002; White and

Broadley, 2005; WHO, s.a.; WHO, 1996)

Functions in human organism

Element The main food sources
Food packed, stored or stored cooked Unclear biological function in humans;
. L although animal studies suggest that
Al in Al containing dishes and vessels, tea, & . g5
harmaceuticals Al may stimulate certain enzymes, may
P stimulate growth
Unclear biological function in humans;
As Dairy products, meat, poultry, fish, grains although animal data indicate a
and cereals requirement; involved in metabolism of
methyl-compounds
Unclear biological function in humans;
. although animal data indicate a
Fruit-based products and beverages, functifnal role: B is involved in
potatoes, legumes, milk, avocado, peanuts ’ .
the control of membrane function,
biosynthesis of nucleic acid and lignin
. . . Basic constituent of bones and teeth,
Dairy products (milk, cheese), fortified . . .
L essential role in blood clotting and
juices, kale, collards, mustard greens, lati Fblood )
ca broccoli, Chinese cabbage, sardines regutation of blood pressure, muscle
? ? ? contraction and relaxation, nervous
oysters, clams, canned salmon o
system functioning
Table salt, sea salt, vegetables (rye, . . .
8 . (ry Constituent of stomach acid and tissue
tomatoes, lettuce, celery, olives), . . . .
Cl seaweeds, seafood, dairy products, meat fluids, essential for proper digestion as
, , , , HCl
eggs
. Constituent of vitamin B _ which is
Co Fish, nuts, green leafy vegetables involved in nerve functiorizand blood
(broccoli and spinach), cereals (oats) .
formation
Associated with insulin, required for
Cr* Some cereals, meats, poultry, fish, beer !
energy release from glucose cleavage
Organ meat, seafood oysters, crabs, nuts,
Cu seeds, wheat bran, cereals, whole grain Component of enzymes in iron
products, beans, peas, lentils, cocoa metabolism
products, mushrooms
Important for formation, strengtheness
. . and resistancy of bones and teeth,
Fluoridated water, tea, marine fish; non- Y . .
F food source: fluoridated dental products prevents bones of mineral loss, inhibits
' the initiation and progression of dental

caries and stimulates new bone formation
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Element

The main food sources

Functions in human organism

Fe

Fruits, vegetables, fortified bread and

grain products such as cereal (non-haeme

iron sources), meat and poultry (haeme
iron sources)

Involved in haemoglobin formation,

cell energy utilization, component of

myoglobin and numerous enzymes,

prevents of microcytic hypochromic
anaemia

Marine origin food, kelp, processed food,

iodized salt

Component of thyroid hormones,
involved in metabolism processes

Fruits (bananas), vegetables, pulses, nuts,
seeds, cereals, milk, fish, shellfish, meat
(beef, chicken, turkey), bread

Supports many reactions, such as protein
synthesis, nerve transmission and
contraction of muscles

Li

Grains, vegetables, some natural mineral
waters, sugarcane, seaweeds, tobacco

Unclear biological function in humans;
may stabilize serotonin transmission
in nervous system, influence sodium
transport, may increase lymphocytic
proliferation and depress the suppressor
cell activity

Mg

Green leafy and dark green vegetables,
beans, peas, unpolished grains, nuts,
seeds, meat, starches, milk

Cofactor for enzyme system, involved in
bone mineralization, protein synthesis,
enzyme activation, contraction of
muscles, nerve transmission

Nuts, legumes, tea, whole grains

Involved in many cell processes and
enzyme functions; involved in formation
of bones as well as in enzymes involved in
amino acid, cholesterol, and carbohydrate
metabolism

Mo

Legumes, dark green leafy vegetables,
organ meat, grain products, nuts

Involved in many cell processes and
enzyme functions, cofactor for enzymes
involved in catabolism of sulphur amino

acids, purines and pyridines

Table salt, seafood, dairy products, ready
meals, meat products (beacon), eggs,
cheese, tinned vegetables, savoury snacks

Involved in the upkeep of ionic strength
of body fluids

Nuts, legumes, cereals, sweeteners,
chocolate

Unclear biological function in humans;
may serve as a cofactor of
metalloenzymes and facilitate
iron absorption or metabolism in
microorganisms, constituent of urease,
reduce haemopoiesis

Dairy products (yogurt, ice-cream,
cheese), meat, eggs, fish, peas, beans.
lentils, nuts, some cereals and bread

Constituent of every cell; maintenance of
pH, storage and transfer of energy and
nucleotide synthesis

In all food in many different forms

Constituent of certain aminoacids, biotin,
thiamin and insulin; involved in many
processes, e.g., essential in cartilage
formation
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Element

The main food sources

Functions in human organism

Se

Organ meat, seafood, nuts, plants
(depending on soil selenium content),
e.g., garlic, broccoli grown on high-Se

soils

Defence against oxidative stress and
regulation of thyroid hormone action,
and the reduction and oxidation status

of vitamin C and other molecules,
antioxidant, prevents cells from untimely
ageing

Si

Plant-based food

Relevant for structural connective in
tissues and osteogenic cells

Sn

Canned food, Sn(II) chloride used as
food additive

Involved in interactions with riboflavin

Mushrooms, shellfish, black pepper,
parsley, dill seeds

Unclear biological function in humans;
may be involved in the control of
sodium pump, inhibition of ATPase,
p-transferases

Zn

Fortified cereals, whole grains, red meat,
organ meat, certain seafood (shellfish),
nuts, beans, peas, lentils

Component of multiple enzymes and
proteins, present in insulin, involved in
genetic material and protein formation,

essential for immunity function,
transport of vitamin A, taste, wound
healing, development of spermatozoids
and normal fetal development
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Appendix II

The main adverse effects of element deficiency or excessive intake
(after Aras and Ataman, 2006; ATSDR, s.a.; Comb, 2005; DiSilvestro, 2005; FAO, 2001; IRIS, s.a.;
Kabata-Pendias and Mukherjee, 2007; Schrauzer, 2002; White and Broadley, 2005; WHO, s.a.;

WHO, 1996)
Adverse effects at
Element . ;
Excessive intake Deficiency
Osteomalacia, neurotoxicity, dementia, possible
Al Y . p No data
accelerator of Alzheimer’s disease
No data about organic As compounds; inorganic
As is a known toxic substance, induces variable
As disorders: failure of nervous system, liver and No data
kidney functions, intestine tract distress, anaemia,
skin cancer
Reproductive and developmental effects as observed
B p . . p . No data
in animal studies
Childhood rickets, osteoporosis,
hyperparathyroidism,
Kidney stones, hypercalcemia, milk alkali syndrome, yperp . 4 o
Ca . ) hypertension, blood lipids
renal insufficiency . . .
alterations, possible connection
with colon cancer
Increased body pressure, build-up of fluid in people
Cl . . . . . No data
with congestive heart failure or kidney diseases
Heart diseases, cardiomiopathy, marrow defects, . .
Co . Anaemia, anorexia
excess of red blood cells, decrease of fertility in men
Cr Chronic renal failure, lesions in skin, intestinal Defective glucose metabolism,
mucosa, pulmonary oedema, lung cancer hyperlipidemia
Gastrointestinal distress, liver damage, necrotic . .
Cu . . & . Anaemia and tissue defects
hepatitis, haemolysis, hyperglycemia
Enamel and skeletal fluorosis (variable effects, .
F . ( Teeth decay, growth retardation
mottling of teeth enamel)
Gastrointestinal distress, siderosis, Anaemia, premature or low
Fe . . . . . .
haemachromamtosis, cardiac failure birth weight infants
I Elevated thyroid stimulating hormone (THS) Goiter, impaired neurological
concentration, hyperthyroidism function
Hypertension, athletic/exercise
performance enhancement,

kidney stones, muscle cramps,
risk of strokes, osteoporosis
Deficiency is not known, but

Li Impaired central nervous system, cardiovascular and low intakes of Li are associated
renal effete with depression and increased
rates of suicide

Stomach pain, nausea, diarrhoea
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Adverse effects at

Element — :
Excessive intake Deficiency
. Anorexia, nausea, vomiting,
No data of adverse effects from the consumption &
. . .. lethargy, weakness, personality
Mg of naturally occurring Mg in food; Mg containing
. ¢ o change, tetany, tremor, muscle
dietary supplements may induce osmotic diarrhoea . .
fasciculations
Elevated blood concentration and neurotoxicity, . .
Mn ) . . . X Skeletal and cartilage deformitis
manganism, neurological disorders, liver cirrhosis
Reproductive effects as observed in animal studies, . .
. . . Defects in keratosis, growth
Mo molybdenosis, defects in copper metabolism, .
. retardation
diarrhoea
Na Hypertension, risk of stroke and heart attack No data
Decreased body weight as observed in animal
Ni studies, gastritic, liver and kidney defects, No data
neurological effects, emphysema and lung cancer
Metastatic calcification, skeletal porosity,
P . . . POFOSIL No data
interference with calcium absorption
S No data No data
Cardiomyopathy,
Hair and nail brittleness and loss, selenosis, liver and yopathy,
Se . D osteoarthropathy, membrane
kidney damage, fetal toxicity, cancer .
malfunction
. No data of adverse effects from consumption of
Si - No data
naturally occurred Si in food and water
Renal lesions as observed in animal studies, nervous
A% . Teeth defects
disturbances
Anorexia, anaemia, impaired
7n Reduced copper status, anaemia, tissue lesions P

keratosis, teratogenic effects
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Appendix III

Estimated daily oral intake of elements (for adult human with body mass of 70 kg) and values

of oral minimal risk level (after ATSDR, s.a.)

Predominant Estimated average daily oral
Element  source of oral . kge atly ora Oral minimal risk level (MRL)
intake intake
= 70-88 ug/day
Drinking water = With food: ~4.5 pg/day
Ag and food = With drinking water: 20- No oral MRLs
100 pg/day
= 0.10-0.12 mg/kg/day
= With pharmaceuticals at
Food, pharma- recommended dosages: 12-  Aluminium:
Al ceuticals, usedas 71 mg/kg/day (with antacid/ = 1 mg/kg/day (intermediate)

food additive

anti-ulcer products);
2-10 mg/kg/day (with
buffered analgestics)

* 1 mg/kg/day (chronic)

Inorganic arsenic:
= 0.005 mg/kg/day (acute)
= 0.0003 mg/kg/day (chronic)

As F(;?i;fr;:rl::g : ;gg Hgijzy § Organic arsenic compounds:
harma’ceuticals = W: h”g i Y- 20 pg/d ® 0.1 mg MMA/kg/day
P 1th grains: 20 pg/day (intermediate)
* 0.01 mg MMA/kg/day (chronic)
* 0.02 mg DMA/kg/day (chronic)
Food, beverages, . Boron and its compounds:
B drinking water, 1(2) Smg/(jzy 7 a = 0.2 mg/kg/day (acute)
pharmaceuticals -0 mg/aay = 0.2 mg/kg/day (intermediate)
. * With drinking water: Barium and its soluble salts:
Food and drin- 0.86 ug/kg/day . .
Ba ki . W ) i * 0.2 mg/kg/day (intermediate)
ing water With food: 9.30-25.30 g/ 0.2 mg/kg/day (chronic)
kg/day - meRelicay
= 0.30 mg/kg/day ¢ Cadmium:
Cd Food . 0'35 Jke/day & = 0.0005 mg/kg/day (intermediate)
= meikgiaay = 0.0001 mg/kg/day (chronic)
= 52-943 ug/da .
Food and drink- = With seﬁle%:tedydiets (25 and Chromium (VI): . .
Cr . = 0.005 mg/kg/day (intermediate)
ing water 43 % of fat): 25-224 (mean = 0.0009 mg/ke/day (chronic)
76) ug/day ) FRe/cay
Co Food and = 12-15 pg/day 9 Cobalt:
drinking water = 9-10 pg/day & * 0.01 mg/kg/day (intermediate)
. i ) Copper:
) * 0.01 mg/kg/day (intermediate)
Food, drinking ", 35 5 o Fluoride:
F water, beverages,

dental products

(mean 1.76) mg/day

= 0.05 mg/kg/day (chronic)
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Predominant = ied average daily oral
Element  source of oral stimated average datly ora Oral minimal risk level (MRL)
. intake
intake
For methylmercury
compounds with 190423 Mercury (11) chioride:
Food (fish and 4 pgrday i = 0.007 mg/kg/day (acute)
Hg fish products) day with non-fishand Opg/ 0.002 mg/kg/day (intermediate)
’ day with water )
dental amalgams . = Methylmercury:
Elemental Hg vapour daily 0.0003 m/ke/day (chronic)
intake (only from dental ' grelday
amalgams): 3-21 ug/day
Food and lodide:
I drinkine water 0.064-0.379 mg/day = 0.01 mg/kg/day (acute)
& * 0.01 mg/kg/day (chronic)
Li Food, certz.nn 0.65-3.10 mg/day No oral MRLs
pharmaceuticals
Mn Food 0.7—10.? mg/day (higher for No oral MRLSs
vegetarians)
Food and .
Ni drinking water, W}th food: 69-162 pg/day No oral MRLs
. With water: 8 pg/day
cigarette smoke
Pb Food and 24-56.5 ug/da No oral MRLs
drinking water > HEICRY
Food and Selenium:
Se drinking water 1-2 pg/kg/day ®* 0.005 mg/kg/day (chronic)
Tin, dibutyl-, dichloride:
= 0.005 mg/kg/day (intermediate)
. Inorganic tin:
$n Food, dental 1-38 mg/day (higher from 0.3 mg/kg/day (intermediate)
products canned food) Tin, tributyl-, oxide:
= 0.0003 mg/kg/day (intermediate)
= 0.0003 mg/kg/day (chronic)
Food, drinking Strontium:
Sr water, cigarette 3.3 mg/day (46 pg/kg/day) 2 mg/kg/day (intermediate)
smoke
Food (especially, = With food: 5 pg/day
Tl green vegetables) = With water: 2 pg/day No oral MRLs
Food (especially, . )
root vegetables) = With food: 0.9-1.5 pg/day Uranium soluble salts:
v and drinkin With water: 0.9-1.5 pg/da " 0.002 mg/kg/day (acute)
& PRSI 0.0002 mg/kg/day (intermediate)
water
Food, dietary 104—20 Hg/day Vanadium:
v supplements With dietary supplements: = (0.01 mg/kg/day (intermediate)
pp 9 ug/day : g/kg/day
driiﬁ’j ax:ter With food: 5.2-16.2 mg/day ~ Zinc:
Zn & ’ With water: <0.14 mg/kg/ = 0.3 mg/kg/day (intermediate)

cigarette smoke,
polluted air

day

= 0.3 mg/kg/day (chronic)
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Appendix IV

Estimated element bioavailability from oral intake associated with gastrointestinal (GIT)
absorption in human body (after ATSDR, s.a.; WHO, s.a.)

Element Blo(eg:;jﬂ;hty Remarks
= Apart from GIT absorption, Ag compounds, including Ag salts
and Ag-protein colloids, are absorbed across mouth and nasal
Ag 21 % (Ag acetate) mucous membranes
= High intake of Se may lead to increased deposition of insoluble
Ag salts in body tissues in the form of Ag selenide
0.1-0.4 %
?'5_5 % (BA = Absorption of Al varies depending mainly on type of anion and
orms, e.g., Al . .
citrate) the corllcun.rent exposure to dietary chelators such as citric acid,
Al <0.01 % (Al ascorbic acid, lactic acid
oL . = Al lactate has higher BA than other Al compounds found in
hydroxide which
L water and food
is widely used as
antacide)
<0.1 % = Absorption increases with duration of exposure
Am Upto0.5% (in = Absorption, distribution and excretion from organism is
infants) dependent on age
= Inorganic As(V) compounds are readily reduced to inorganic
As(IIT) compounds which are taken up by the cell
>95 % (inorganic = If highly insoluble forms are ingested, BA and absorption will
As) be much lower
As 75-85 % (organic = Studies of BA suggest that absorptions of inorganic As in
As compounds ingested dust or soil is likely to be considerably less than
such as MMA absorption of As from ingested salts
and DMA) = Absorption of inorganic As from soil is reduced by low
solubility and inaccessibility due to the presence of secondary
reaction products or insoluble matrix components
81-92 % . = Apart from high BA, essentiality of B is established for plants
B 93.9 % (boric .
; and some animals, but not for humans
acid)
<5-30 %
With food:
1-15 % (mean = BA of Ba is significantly compound dependent
Ba 6 %) = Absorption of Ba sulphate is very low, higher BA has acid-
20 % (in adults) soluble Ba compounds (Ba chloride, Ba carbonate)
30 % (in = Absorption of Ba compounds is influenced by age
children)

60 % (in infants)
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Bioavailability

Element (BA), % Remarks
= Absorption may be significantly affected by protein complexes
= Cd is more readily found in free ionic form in water, while
in food Cd ion generally exists in a complex with variety of
L1-10.6 % ligands, including proteins such as metallothionein

= Cd in cigarette smoke has higher absorption efficiency due to

Cd 3-5% (in healthy . L
non-smokers) its small partllcle size
= Female organisms generally absorb greater amounts of Cd than
male
= BA of Cd is increased in individuals with low Fe status in
organism
= BA depends on the valence state and nature of ligands
= In general, BA is higher for soluble Cr(VI) compounds (e.g.,
K,Cr,0,) than for soluble Cr(IIT) compounds (e.g., CrCl,)
Cr <10 % = Cr(VI) in stomach is reduced to Cr(III), which lowers the
absorbed dose of Cr(VI), via intermediate forms Cr(V) and
Cr(1v)
= Absorption is higher when dietary intakes of Cr are lower
= Can cross placenta
= Absorption of Co is dependent on type and dose of compound
Co 18-97 % = More Co can be absorbed for humans with deficiency of Fe
= Co chloride can be significantly higher eliminated from female
bodies that male
= Several mechanisms prevent Cu overload in organism
Cu 24-60 % = BA dependent on Cu competition with other metals (e.g., Zn,
Cd)
= Absorption is dependent on age
80-100 %
(soluble F
compounds such = Absorption dependent on intake with food or when fasted
as Na fluoride, (e.g., Ca fluoride ingestion with food increases up to 33.5 % if
F hydrogen compared ingestion without food (2.8 %))
fluoride, = Diet high in Ca, Mg or Al decreases F absorption
fluorosilic acid) = Not metabolized in organism
<10 % (insoluble
F compounds)
2-38 %
(inorganic Hg
salts) = Highly lipophile metallic Hg can be transferred readily through
Up to 90 % the placenta and blood-brain barrier
Hg . . . . .
(organic Hg = Organic Hg compounds in organism are transformed into
compounds) inorganic Hg compounds
7-15 % (metallic
Hg)
I >97-100 % (water = BA is not influenced by age, but for infants may be lower than
soluble I salts) in children and adults
Li = 70-90 % = Gender differences are revealed in Li absorption levels
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Bioavailability
Element (BA), % Remarks
Mn = 3.5% Absorption dependent on age and dietary Fe and Mn intake
levels
. " With drinking More soluble Ni compounds have higher absorption efficiencies
Ni water: 27 % Not metabolized
= With food: 1 %
n 4()- 0, 1
0, 50/% (in Extent and rate of BA of inorganic Pb compounds are
children) . . . o
- 3.15 % (in influenced by the physiological state of the exposed individual
adults) and species of Pb compound
Pb = 26 % (if ingested = Presence of food in GIT decreases Pb absorption
’ 8 = Coadministration of Ca with Pb decreases Pb absorption
when fasted) . oo . .
e = Absorption from soil, if ingested, is less than of dissolved Pb,
" 25 % (ifingested but similarly is depressed by meals
with meals) Y p Y
Pu citrate is better absorbed than Pu nitrate, but PuO, has the
= <0.1% (Pu lowest absorption levels
Pu citrate and Pu Fasting tends to increase Pu absorption
nitrate) Absorption in infants is 10-1000 times greater than in adults
Not metabolized in organism
BA is independent of the exposure concentration; however,
Se = >80 % . . . . .
absorption efficiency can increase when there is Se deficiency
= 3% (Sn (II) BA is lower for inorganic Sn compounds, while organotin
n compounds) compounds are more readily absorbed
= 1% (Sn (IV) Absorption of Sn compounds is dose dependent
compounds) High amounts of Sn in diet may reduce Zn and Cu absorption
= 11-28 % (mean Because Sr is similar to Ca, it is taken up by vegetables and
Sr .
20 %) fruits
Studies on rats show that in neonatal rats absorption of Th is
40-fold higher than for adult rats, thus suggesting that infants
T . 0.1-1% may be a susceptible population for exposure
’ ? Th-EDTA absorption from GI tract is 60 times higher, Th
nitrate 4 times, Th chloride 10-20 times (depending on dose)
greater than Th dioxide, that is attributed to different solubility
Tl " 85% Acute oral exposure results in death
\ " 3-17% BA significantly dependent on compound
= 55-93 % (mean . . .
60 %) Not metabolized in organism
Zn deficiency increase its absorption rates
70 " 8-81 % (mean Dietary phytate reduces Zn absorption

20-30 %)

Presence of other metals (e.g., Hg, Cd, Cu) may diminish Zn
absorption
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ANOTACIJA

Bez vitali svarigo mikro- un makroelementu ieneses partika no vides (augsnes, tidens
un gaisa) ir iespé&jams ari baribas kédes, t. sk., partikas piesarnojums ar toksiskiem vai
potenciali toksiskiem elementiem, pieméram, As, Cd, Hg, Pb. Promocijas darba mérka
ietvaros tika veikta Latvija iegtitu partikas produktu paraugu mikro- un makroelementu
sastava kvantitativa analize, lai noskaidrotu vides apstaklu ietekmi uz elementu koncen-
traciju un ieneses celiem partika. Papildus, lai vértétu elementu biopieejamibu baribas
kéde, tika veikta eksperimentala partikas kultiraugu audzésana maksligi piesarpota aug-
sné. legitie dati liecina par vairaku dabiskas un antropogénas izcelsmes vides apstaklu,
pieméram, sezonalitates, botaniskas izcelsmes, vietas specifisku apstaklu, lauksaimnieci-
bas prakses, partikas parstrades ietekmi uz elementu koncentraciju partika.

Atslégvardi: mikro- un makroelementi, kvantitativa analize, elementu parnese, parti-
kas sastavs, vide, Latvija.
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VISPARIGS DARBA RAKSTUROJUMS

Ievads

Partika un dzeramais tidens ir galvenie avoti, lai nodrosinatu cilvéka organismu ar
baribas vielam. Bez pamata uzturvielam, taukiem, oglhidratiem un olbaltumvielam, nor-
malai funkcionésanai cilvéka organismam nepiecieSami vitamini, aminoskabes, fermenti,
Skiedrvielas, ka ari mikro- un makroelementi. Makroelementi (Ca, K, Mg, Na) un mik-
roelementi (pieméram, Co, Cr, Cu, Fe, Mn, Mo, Se, V, Zn) ir vitali nepiecieS$ami norma-
lai cilvéka organisma attistibai un funkcioné$anai, nodrosinot organisma audos neitralu
reakciju un noteiktu osmotisko spiedienu, piedaloties $iinu kairindgjuma-uzbudinijuma
procesos, veicinot vai kavéjot fermentu darbibu un tadéjadi ietekméjot organisma viel-
mainas procesus (Aras and Ataman, 2006; Fraga, 2005). Tomér dazadu dabigu vai antro-
pogénu vides apstaklu ietekmé uztura var nonakt arl potenciali kaitigi elementi, piemé-
ram, As, Cd, Hg, Pb, tapéc svarigi novértét iespéjamos elementu ieneses celus partika un
potencialos riskus patérétajam.

Lai gan ir plasdi pieejama informacija par partikas kimisko sastavu un uzturvértibu, kas
apkopota rokasgramatas, pieméram, Burgersteins handbook of nutrition (Zimmermann,
2001), Handbook of nutrition and food (Berdanier et al., 2007), Uztura mdciba (Zarins
un Neimane, 2009) vai datu bazes (pieméram, USDA, s.a.), ko veidojusas lauksaimnie-
cibas un uztura pétniecibas un uzraudzibas iestades, mikro- un makroelementu saturs
regionali ieghtos partikas produktos ir mainigs, par ko liecina daudzi zinatniskie péti-
jumi (Aberoumand and Deokule, 2010; Ekholm et al., 2007; Ferre-Huguet et al., 2008;
Hashmi et al., 2007). Specifiski vides apstakli mijiedarbiba ar antropogénam ietekmém
var ietekmét elementu ienesi un koncentraciju partika. Pieméram, elementu saturs aug-
sné var ietekmét vegetacijas sastavu, ko patéré dzivnieki vai kas tiek izmantota cilvéka
uztura, tadéjadi elementi no vides nonak baribas kédé. Partikas piesarnojums ar toksis-
kiem un potenciali toksiskiem elementiem var ietekmét cilvéka veselibu, ilgmazibu un
dzives kvalitati kopuma (Combs, 2005; Fraga, 2005; Nabrzyski, 2007). Tadéjadi regionala
vai izcelsmes vietas specifiska partikas analize ir svarigs faktors tas vértibas un drosibas
novértédana.

Informacija par mikro- un makroelementu koncentraciju regionali razota partika
var but ka raditajs regionalai elementu fona koncentracijai vidé. Kvantitativie dati par
mikro- un makroelementu saturu partika ir nozimigs raditajs, izmantojams riska no-
vértéjuma analizé, lai noskaidrotu elementu deficitu vai pretéji, parmeérigu saturu uztu-
ra (Goldhaber, 2003). Tadéjadi mikro- un makroelementu satura partika analize var bat
ka objekts starpdisciplinariem pétijjumiem, kas ietver vides, kimijas, uztura un veselibas
zinatnes.

Promocijas darba merkis

Izpétit mikro- un makroelementu kvantitativo sastavu izvélétos partikas produktos
Latvija, lai raksturotu vides un antropogéno apstaklu ietekmi uz elementu saturu un kon-
centraciju, ka ari ieneses intensitati partika no vides un iespéjamo biopieejamibu baribas
kédé augsne-augs-cilveks.
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Promocijas darba uzdevumi

Metodikas pielago$ana un pilnveidosana partikas paraugu ievaksanai, sagatavosa-
nai, priekSapstradei un kvantitativai analizei, pemot véra kvalitates nodrosinajuma
prasibas.

Izveéléties partikas paraugu veidus un ievakt paraugus Latvijas teritorija; veikt pa-
raugu sagatavoSanu, prieksapstradi un kvantitativo analizi mikro- un makroele-
mentu satura noteiksanai; izstradat shematisku parskatu iespéjamo vides apstaklu
un antropogéno ietekmju novértéjumu uz elementu koncentraciju analizétajos
partikas paraugos.

Izpétit mikro- un makroelementu iespéjamos ieneses celus partika no vides (aug-
snes, Gidens, gaisa) un antropogéniem avotiem, ka ari novértét elementu biopieeja-
mibu baribas kédes segmentos augsne-augs un augs-cilveks.

Novértét potencialos riskus patérétajam attieciba uz elementu ienesi uztura, ka ari
veikt ieglito datu salidzinajumu starptautiska méroga.

Pétijuma galvenais ietvars — izvéléto partikas produktu Latvija skrininga analize, lai
novértétu mikro- un makroelementu koncentracijas mainu tendences iespéjamo vides
apstaklu ietekmé.

Hipoteze

Mikro- un makroelementu kvantitativa analize Latvija pieejamos partikas produktos
ir viens no partikas kvalitates, drosibas un uzturvértibas raditajiem, kas var mainities da-
bigu un antropogénu vides apstaklu ietekme.

Izvirzitas tézes

1.

Mikro- un makroelementu kvantitativa sastava noteik$ana partikas produktu
paraugos izmantojot analitiskas kimijas analizes metodes - izaicinajums partikas
analizes metodologijas pilnveido$anai un skrininga metozu attistibas izstradei.
Mikro- un makroelementu kvantitativa sastava analize partika ir butisks partikas
drosibas un kvalitates novértéjuma raditajs, ko var pétit apzinot specifisku partikas
ieguves apstaklu kopumu.

Sezonalitate, vietas specifiskie, botaniskie faktori, lauksaimniecibas prakse, parti-
kas parstrades procesi — apstakli, kas ietekmé partikas sastavu attieciba uz mikro-
un makroelementu saturu un koncentraciju.

Elementu biopieejamibas izpéte baribas kédes posmos - nozimigs iespé&jama
piesarnojuma apjoma ieneses ar partiku uztura novértéjuma aspekts.

Partikas kvantitativa analize ir perspektivs pétijumu virziens vides, kimijas un ve-
selibas zinatnu nozarés, kas potenciali jaattista plasaka méroga.
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Promocijas darba novitate

= Analitiskas metodologijas pielietojums partikas un vides paraugu analizé ar iespé-
jamu virzibu uz racionalaku metozu izvéli, ekspresmetozu attistiSanu partikas kva-
litates novértésana, ko var ieviest partikas kvalitates uzraudzibas procediira.

= Starpnozaru pétnieciskas pieejas attistiba vides apstaklu un antropogéno ietekmju
uz partikas sastavu novértésanai ar meérki saistit tadas nozares ka vides zinatne,
partikas zinatne un veselibas zinatnes.

= Salidzino$s ietekméjoso faktoru izvértéjums uz elementu akumulaciju baribas
kédeé un atseviskos tas posmos, ka ari dazadu apstaklu ietekmes izpéte uz elementu
koncentraciju partika, pieméram, partikas ieguves intensiva lauksaimnieciba sali-
dzinajums ar biologisko lauksaimniecibu u.tml.

= Mikro- un makroelementu analizes pirkstu nospieduma koncepcijas attistiSana ka
lidzeklis regionali iegtitas partikas un vides saiknes identificésanai, kas pieméroja-
ma partikas izcelsmes un autentiskuma noteik§ana.

Promocijas darba praktiska nozime

Pirmo reizi veikta plaga méroga partikas produktu mikro- un makroelementu satura
kvantitativa analize Latvija, kas izvértéta starpdisciplinari, lai izpétitu vides apstaklu un
antropogénas ietekmes uz elementu koncentraciju. Iegiti nozimigi dati, kas izmantojami
turpmakos elementu biopieejamibas pétijumos, ka ari ilgtspéjigas lauksaimniecibas stra-
tégiju izstrade.

legiitie dati izmantojami partikas drosibas un riska analizé, ka arl sabiedribas vese-
libas un vides faktoru ietekmju integréta analizé. leglitos datus iespéjams salidzinat ar
citu valstu pétjjumiem, tadéjadi ieglstot Latvijas izcelsmes partikas produktu kvalitates
vértéjumu starptautiska meéroga.

Promocijas darba rezultatu aprobacija

Promocijas darba rezultati ir apspriesti un atspoguloti 12 zinatniskas publikacijas,
15 zinojumos starptautiskas zinatniskas konferencés un 10 referatos vietéja méroga kon-
ferencés Latvija.

Promocijas darba izstrades ietvaros autore vadijusi 4 bakalaura darbus un sniegusi
konsultacijas 3 magistra darbu izstradeé.

Zinatniskas publikdacijas:

1. Vincevica-Gaile, Z., Klavins, M. (2013) Concentration of elements in food: How can
it reflect impact of environmental and other influencing factors? Scientific Journal of
Riga Technical University, Series: Environmental & Climate Technologies 12: 15-19.

2. Stapkevica, M., Vincevica-Gaile, Z., Klavins, M. (2013) Metal uptake from contami-
nated soils by some plant species — radish, lettuce, dill. Research for Rural Development
1: 43-49.

3. Vincevica-Gaile, Z., Klavins, M., Rudovica, V., Viksna, A. (2013) Research review
trends of food analysis in Latvia: Major and trace element content. Environmental
Geochemistry & Health 35: 693-703.
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4. Vincevica-Gaile, Z., Rudovica, V., Burlakovs, J., Klavins, M., Priedite, E. (2013)
Analysis of major and trace elements in food: Aspects of methodological applica-
tions. SGEM 2013 GeoConference Proceedings on Ecology, Economics, Education and
Legislation 1: 49-56.

5. Vincevica-Gaile, Z., Gaga, K., Klavins, M. (2013) Food and environment: Trace ele-
ment content of hen eggs from different housing types. APCBEE Procedia 5: 221-226.

6. Vincevica-Gaile, Z., Klavins, M. (2012) Transfer of metals in food chain: An exam-
ple with copper and lettuce. Scientific Journal of Riga Technical University, Series:
Environmental & Climate Technologies 10: 21-24.

7. Vincevica-Gaile, Z., Klavins, M. (2012) Root vegetables from Latvia: Quantitative
analysis of potentially toxic elements. Research for Rural Development 1: 131-136.

8. Vincevica-Gaile, Z., Klavins, M., Rudovica, V., Viksna, A. (2012) Potentially
toxic metals in honey from Latvia: Is there connection with botanical origin? In:
Ramos, R.A.R., Straupe, I., Panagopoulos, T. (eds.) Recent Researches in Environment,
Energy Systems and Sustainability. WSEAS Press: Faro, 297 p., 158-163.

9. Vincevica-Gaile, Z., Klavins, M., Rudovica, V., Viksna, A. (2011) Trace and major
elements in food articles in Latvia: Root vegetables. Scientific Journal of Riga Technical
University, Series: Environmental and Climate Technologies 13(7): 119-124.

10. Vincevica-Gaile, Z., Klavins, M., Rudovica, V., Viksna, A. (2011) Geographical disse-
mination of trace and major elements in honey. In: Brebbia, C.A. (ed.) Sustainability
Today. WIT Press: Southampton, 488 p., 211-220.

11. Vincevica-Gaile, Z., Klavins, M., Zilgalve, L. (2011) Trace and major element con-
centration in cottage cheese from Latvia. In: Mastorakis, N., Mladenov, V., Savkovic-
Stevanovic, J. (eds.) Recent Researches in Sociology, Financing, Environment and
Health Sciences. WSEAS Press: Meloneras, 356 p., 169-173.

12. Vincévica-Gaile, Z. (2010) Makro- un mikroelementu saturs medd. Latvijas
Lauksaimniecibas Universitates Raksti 25(320): 54-66.

Zinojumi starptautiskajas konferences:

1. Rigas Tehniskas universitates 54. starptautiska zinatniska konference. Latvija, Riga,
2013. gada 14.-16. oktobrl. Referats “Quantitative content of elements in food: How
can it reflect impact of environmental and other influencing factors?” (Vinceévica-
Gaile, Z., Klavins, M.)

2. IUPAC (International Union of Pure and Applied Chemistry) 44. Pasaules kimijas kon-
gress. Turcija, Stambula, 2013. gada 8.-16. augusta. Referats “Metal uptake and bio-
availability: From soil to food through crops” (Vincévic¢a-Gaile, Z., Stapkévica, M.,
Dudare, D., Klavins, M.)

3. 13. starptautiska multidisciplinara geokonference SGEM 2013. Bulgarija, Albena,
2013. gada 16.-22. junija. Referats “Analysis of major and trace elements in food:
Aspects of methodological applications” (Vincévi¢a-Gaile, Z., Rudovica, V.,
Burlakovs, J., Klavins, M.)

4. 19.ikgadéja starptautiska zinatniska konference Research for Rural Development 2013.
Latvija, Jelgava, 2013. gada 15.-17. maija. Referats “Metal uptake from contamina-
ted soils by some plant species (radish, lettuce, dill)” (Stapkévi¢a, M., Vincévi¢a-
Gaile, Z., Klavins, M.)
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10.

11.

12.

13.

14.

15.

Starptautiska zinatniska konference Environmental Health 2013, Science and Policy to
Protect Future Generations. ASV, Bostona, 2013. gada 3.-6. marta. Referats “Presence
of arsenic in baby food: Is it the issue of concern?” (Vincévica-Gaile, Z., Lawgali, Y.F,
Meharg, A.A., Klavins, M.)

14. starptautiska zinatniska konference Environmental Science and Development.
AAE, Dubaija, 2013. gada 19.-20. janvari. Referats “Food and environment: Trace
element content of hen eggs from different housing types” (Vincévi¢a-Gaile, Z.,
Gaga, K., Klavins, M.)

Rigas Tehniskas universitates 53. starptautiska zinatniska konference. Latvija, Riga,
2012. gada 11.-12. oktobri. Referats “Transfer of metals in food chain: An example
with copper and lettuce” (Vincévica-Gaile, Z., Klavins, M.)

Kinas-Eiropas simpozijs Environment and Health, SESEH 2012. Irija, Golveja,
2012. gada 20.-25. augusta. Referats “Research of food from Latvia: Analysis of es-
sential elements and possible contaminants® (Vincévic¢a-Gaile, Z., Klavins, M.,
Rudovica, V., Viksna, A.)

18. ikgadgja starptautiska zinatniska konference Research for Rural Development 2012.
Latvija, Jelgava, 2012. gada 16.-18. maija. Referats “Root vegetables from Latvia:
Background levels and risks of contamination with toxic elements” (Vincévica-
Gaile, Z., Klavins, M.)

8. IASME/WSEAS (International Association of Mechanical Engineering / World
Scientific and Engineering Academy and Society) starptautiska zinatniska konferen-
ce Energy, Environment, Ecosystems and Sustainable Development, EEESD 2012.
Portugale, Faro, 2012. gada 2.-4. maija. Referats “Potentially toxic metals in ho-
ney from Latvia: Is there connection with botanical origin?” (Vincévica-Gaile, Z.,
Klavins, M., Rudovica, V., Viksna, A.)

12. Eirazijas kimijas zinatpu konference EuAsC,S 2012. Griekija, Korfu, Dasija,
2012. gada 16.-21. aprill. Referats “Irace and major elements in root vegetables: A
study in Latvia” (Vincévica-Gaile, Z., Klavins, M., Rudovic¢a, V., Viksna, A.)
Apvienotais pasaules latviesu zinatnieku 3. kongress un Letonikas 4. kongress (PLZK),
sekcija Vides kvalitate Latvija: esosais stavoklis, izaicinajumi, risindjumi. Latvija, Riga,
2011. gada 24.-27. oktobrl. Referats “Mikro- un makroelementu analize darzenos vi-
des zinatnes konteksta” (Vincévica-Gaile, Z., Klavins, M., Rudovica, V., Viksna, A.)
4. starptautiska zinatniska konference Medical Geology, GEOMED 2011. Italija, Bari,
2011. gada 20.-25. septembri. Referats “Risk and benefit assessment of trace and ma-
jor elements detected in honey of different origins” (Vinceévica-Gaile, Z., Klavins, M.,
Rudovica, V., Viksna, A.)

1. starptautiska zinatniska konference Food and Environment, FENV 2011. Apvienota
Karaliste, Naforesta, Lindhérsta, 2011. gada 21.-23. jinija. Referats “Geographical dis-
semination of trace and major elements in honey” (Vincévic¢a-Gaile, Z., Klavins, M.,
Rudovica, V., Viksna, A.)

2. WSEAS (World Scientific and Engineering Academy and Society) starptautiska zinat-
niska konference Environment, Medicine and Health Sciences, EMEH 2011. Spanija,
Grankanarija, Meloneras, 2011. gada 24.-26. marta. Referats “Trace and major ele-
ment concentration in cottage cheese from Latvia” (Vincévica-Gaile, Z., Zilgalve, L.,
Klavins, M.)
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Zinojumi vietéja méroga konferences:

1.

10.

LU 72. zinatniska konference. Riga, 2014. gada 27. janvari. Referats “Vides ietekme uz
mikroelementu sastavu partika: graudaugu produktu analize” (Vincevic¢a-Gaile, Z.,
Gaga, K., Rudovica, V., Klavins, M.) Kopsavilkums publicéts: Geografija. Geologija.
Vides zinatne: Referatu tézes, 67-69.

LU 71. zinatniska konference. Riga, 2013. gada 29. janvarl. Referats “Smago metalu
ienese baribas kédé augsne-augs” (Stapkévica, M., Vincévica-Gaile, Z., Klavins, M.)
Kopsavilkums publicéts: Geografija. Geologija. Vides zindtne: Referatu tézes, 215-216.
LU 70. zinatniska konference. Riga, 2012. gada 31. janvari. Referats “Mikro- un
makroelementu saturs saknu darzenos Latvija” (Vincévica-Gaile, Z., Klavins, M.,
Rudovica, V., Viksna, A.) Kopsavilkums publicéts: Geogrdfija. Geologija. Vides
zindtne: Referatu tézes, 398-399.

LU 70. zinatniska konference. Riga, 2012. gada 31. janvari. Referats “Metalu (Cu**
pieméra) parnese baribas kédé: augsne-augs® (Vincévica-Gaile, Z., Klavins, M.)
Kopsavilkums publicéts: Geografija. Geologija. Vides zindtne: Referatu tézes, 397-398.
LU 70. zinatniska konference. Riga, 2012. gada 31. janvari. Referats “Pilnigas atsta-
ro$anas rentgenfluorescences spektrometrijas pielietojums Skidru paraugu tieSai
analizei” (Vincévica-Gaile, Z., Purmalis, O., Klavin$, M.) Kopsavilkums publicéts:
Geografija. Geologija. Vides zindatne: Referatu tezes, 400-401.

LU 70. zinatniska konference. Riga, 2012. gada 31. janvari. Referats “Sezonala iete-
kme uz mikro- un makroelementu saturu vistu olas” (Gaga, K., Vincévica-Gaile, Z.,
Klavins, M.) Kopsavilkums publicéts: Geografija. Geologija. Vides zinatne: Referatu
tezes, 291-292.

LU 70. zinatniska konference. Riga, 2012. gada 31. janvari. Referats “Botaniskas izcels-
mes ietekme uz elementu saturu meda Latvija® (Priedite, E., Vincévi¢a-Gaile, Z.,
Klavins, M., Rudovica, V., Viksna, A.) Kopsavilkums publicéts: Geografija. Geologija.
Vides zinatne: Referatu tézes, 356-357.

LU 69. zinatniska konference. Riga, 2011. gada februari. Referats “Kimisko ele-
mentu satura biezpiena mainibu ietekméjosie vides faktori” (Vincevic¢a-Gaile, Z.,
Zilgalve, L., Klavins, M.) Kopsavilkums publicéts: Geografija. Geologija. Vides zindtne:
Referatu tezes, 501-504.

LU 69. zinatniska konference. Riga, 2011. gada februari. Referats “Mikro- un ma-
kroelementu satura medii nozime vides zinatnes skatljuma” (Vincévi¢a-Gaile, Z.,
Bula, R, Klavins, M.) Kopsavilkums publicéts: Geogrdfija. Geologija. Vides zindtne:
Referatu tezes, 499-501.

LU 68. zinatniska konference. Riga, 2010. gada februari. Referats “Seléna
biogeokimiska nozimiba” (Vincévica-Gaile, Z.) Kopsavilkums publicéts: Geogrdfija.
Geologija. Vides zindtne: Referatu tézes, 440-442.
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1. TEORETISKAIS PAMATOJUMS

1.1. Mikro- un makroelementu nozime un ieneses celi partika

Bez pamatelementiem (C, H, N un O), kas veido lidz pat 97 % no dzivas matérijas,
kimiskie elementi tiek iedaliti makroelementos un mikroelementos, atkariba no to videé-
jas koncentracijas organisma, ka ari nemot véra nepiecieSamo ikdienas nodro$inajumu.
Makroelementi (Ca, Cl, K, Mg Na, P, S) organisma normalai attistibai un funkcionésanai
nepiecieSami salidzinosi liela daudzuma; katrs no tiem veido aptuveni 0,03-1,4 % no cil-
véka kermena masas. Savukart, mikroelementu grupa ietver tadus elementus ka piemeé-
ram Ag, Al, As, Au, B, Ba, Co, Cr, Cu, E Fe, I, Mn, Mo, Ni, Rb, Se, Sn, S, V, Zn un to
koncentracija organisma ir mainiga — no mazak par 0,1 mg/kg lidz vairak neka 100 mg/
kg. Nepieciesama mikroelementu dienas deva parasti neparsniedz 100 mg/diena, bet
makroelemenus parasti jauzgem no 100 lidz >1000 mg/diena (Abrahams, 2002; Aras and
Ataman, 2006; Fraga, 2005). No visiem zinamajiem kimiskajiem elementiem aptuveni
50 elementus var atrast dzivo organismu, tostarp augu, dzivnieku un cilvéku audos un $i-
nas, bet tikai 23 elementiem ir pieradita fiziologiska nozimiba cilvéka organisma (Combs,
2005; Fraga, 2005; Goldhaber, 2003). A. Kabata-Pendias un A.B. Mukherjé (2007) kimis-
kos elementos péc to nepiecieSamibas dziviem organismiem sarindo $adi: a) vitali nepie-
cieSsamie elementi — As, B, Br, Cl, Co, Cr, Cu, E Fe, I, Li, Mn, Mo, P, S, Se, Si, V un Zn;
b) iespéjams nepiecieSamie elementi — Al, Ba, Ge, Ni, Rb, Sn, Sr un Ti; ¢) elementi, kas
nav nepiecieSami - Ag, Au, Cs, Hf, In, Ir, Sb, Ta, Te, U, Y, Zr un retzemju elementi; d) ele-
menti, kas nav nepiecieSami un toksiski — Be, Bi, Cd, Hg, Pb un T1. Tomér $is iedaljjums
var mainities balstoties uz jaunakajiem atklajumiem zinatné.

Partika ir nozimigakais elementu avots cilvéka organismam, tapéc svarigi ir apzinat
elementu ieneses celus partikas produktos no vides — augsnes, idens un gaisa - jo iespé-
jama ne tikai vitali nepiecieS$amo elementu parnese, bet arl partikas piesarnojums ar tok-
siskiem un potenciali toksiskiem elementiem. Musdienas rapnieciska partikas razo$ana
ir strauji attistijusies, un ir stingri ierobezota ar likumiem un noteikumiem, kas nosaka
gan partikas energétisko vértibu, gan pielaujamo potenciali toksisko elementu klatbatni,
tomér augu un dzivnieku izcelsmes partika, ko razo zemnieku saimniecibas, ka ari maj-
saimniecibas joprojam ir paklauta regionalai vides faktoru ietekmei. Tacu $is ietekmes
vietéja méroga ir maz pétitas.

Elementu aprite vidé notiek nemitigi, un to ienese baribas kédé un cilvéka uztura var
notikt tie$a un neties$a veida (1.1. attéls).

Nemot véra spéju uznemt elementus tiesi no augsnes, tidens un gaisa, augus var vértét
ka galvenos ekosistémas komponentus, kas iesaistiti elementu parnesé no vides partika.
Baribas kédé notiek ne tikai elementu biokoncentrésanas, bet ari augsné un tideni eso$o
savienojumu resintezé$ana, lai tie kltitu biopieejami kédes augstakos posmos. Ta ka aug-
sne ir galvenais mineralvielu avots, tad elementu parnese no vides partika var tikt apskati-
ta arl geologiskas izpétes aspekta (Bowman et al., 2003; Combs, 2005). Tadéjadi elementu
saturs partika ar zinamu izcelsmes vietu var bt atkarigs no elementu satura augsné un
tdeni. Elementu ienese partika no atmosféras parasti notiek mazaka méra un vairak at-
kariga no gaisa esoso dalinu daudzuma, izméra un kimiska sastava - jo mazaks ir dalinu
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1.1. attéls. Elementu ienese uztura no vides

izmeérs, jo vieglak tas var absorbét augi un ieelpot dzivnieki vai uznemt ar baribu, tadéjadi
paaugstinot baribas kédes kontaminacijas risku (Allen et al., 2001).

Partikas piesarnojuma risks ir nozimigs jautajums, kas Latvija maz pétits. Regionalas
elementu satura ipatnibas augsné, geokimiskas anomalijas ir dabigs faktors, kas var ietek-
mét elementu saturu partika. Savukart, lauksaimnieciskas darbibas veids, vides piesar-
nojums var bt saistims ar antropogéno ietekmi elementu parnesé no vides partika. So
apstaklu ietekmes butiskums ir pétits promocijas darba ietvaros.

1.2. Elementu biopieejamiba baribas kede

Biopieejamiba ir elementa daudzums noteikta matrica, pieméram, augiem augsné vai
cilvékiem partika, kas potenciali pieejams organismam un absorbéjot izmantojams me-
taboliskos procesos (Welch and Graham, 2005). Biopieejamibas noteik$ana ir sarezgits
process, ko ietekmé dazadi faktori tadi ka kimisko savienojumu forma, vides apstakli,
individualas organisma ipatnibas.

Elementu biopieejamiba baribas kédes segmenta augsne-augs ciesa méra saistita ar sa-
vienojumu $kidibu. Augi spéj uznemt elementus, kas augsné atrodas skistosu jonu veida
organisku vai neorganisku kompleksu struktiira. Elementu biopieejamiba no augsnes liela
méra atkariga ne tikai no savienojuma kimiskam Ipasibam, bet ari no augsnes ipasibam,
starp kuram ka nozimigakas var minét organisko vielu saturu un pH (Gardea-Torresdey
et al., 2005; Inaba and Takenaka, 2005; Peralta-Videa et al., 2009).

Elementu biopieejamiba augstaka baribas kédes segmenta partika-cilvéks ir ipasi no-
zimiga attieciba uz vitali nepiecieSamajiem elementiem, ka ari potencialajiem piesarno-
tajiem. Elementu biopieejamiba no partikas atkariga ne tikai no savienojuma kimiskas
formas, bet ari no uztura sastava Ipatnibam un individa veselibas stavokla. Tomeér, lai ari
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kopéjais elementu saturs partika neatspogulo elementu biopieejamibu, pétijumos in vivo
un in vitro daudziem elementiem ir aprékinata biopieejamibas pakape (parasti izteikta %)
(ATSDR, s.a.), ko var izmantot partikas uzturvértibas, ka ari drosibas izvértésana, zinot
elementu kvantitativo sastavu.

1.3. Jaunakie mikro- un makroelementu satura pétijumi Latvija

Ar elementu analizi saistitie pétijumi Latvija izvértéti balstoties uz starptautiskajas zi-
natniskajas datu bazés (Scopus, Science Direct, Springer Link un ISI Web of Knowledge)
pieejamajiem zinatniskajiem rakstiem, kas publicéti laika no 2000. gada lidz 2013. gadam.

Ir pieejams plass informacijas klasts par elementu pétljumiem vides objektos.
Pieméram, detalizétu pétjjumu, lai noteiktu vides faktoru ietekmi uz elementu saturu
Rigas ielu apstadijumos, ir veikusi G. Cekstere ar kolégiem (Cekstere, 2011; Cekstere and
Osvalde, 2013; Cekstere and Osvalde, 2010a; Cekstere and Osvalde, 2010b; Cekstere et
al., 2008). Savukart, gaisa piesarnojuma un elementu satura siinds mijiedarbiba pétita
prof. O. Nikodemus vadiba (Nikodemus et al., 2004; Tabors et al., 2004). Ari Somijas
zinatnieki R. Salminena (2011) vadiba pétijusi elementu sadalijjumu sinas un organiskaja
augsnes slani Austrumbaltijas regiona. Elementu saturu Latvijas augsnés sava promocijas
darba ietvaros analizéjis A. Gilucis (2007), ka ari pieejami dati par metalisko elementu
izgulsnésanos meza augsnés (Brumelis et al., 2002; Kasparinskis and Nikodemus, 2012).

Plasi pétijumi veikti analizéjot elementu un baribas vielu saturu iekszemes tidenos
(Aldahan et al., 2006; Klavins et al., 2001; Klavins et al., 2000; Kokorite et al., 2010;
Stalnacke et al., 2003) un ezeru nogulumos (Klavins et al., 2011; Klavins and Vircavs,
2001), ka ar1 daudz pétiti ir purvi (Klavins et al., 2009b; Klavins et al., 2003; Silamikele et
al,, 2011).

Nemot véra nelielo publikaciju skaitu, var secinat, ka vides faktoru ietekme uz ele-
mentu saturu partika Latvija ir maz pétits jautdgjums. Ka pieméru var minét smago metalu
satura izpéti zivis no ezeriem Latvija (Klavins et al., 2009a), elementu satura noteiksanu
meda Latvija (Dimins, 2006) un dazus pétijumus, kas vairak saistiti ar uzturvielu sastava
noveértésanu (Murniece et al., 2011; Osvalde and Karlsons, 2010).

Kopuma var rezumét, ka promocijas darba ietvaros veikta mikro- un makroelementu
kvantitatilva satura partika izpéte ir nozimigs starpdisciplinars pétijums vides, kimijas,
uztura un veselibas zinatnu ietvaros.
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2. MATERIALI UN METODES

2.1. Partikas paraugu ievaksana un sagatavosana analizei

2.1.1. Partikas paraugu ievaksana

Partikas paraugi tika ievakti laikd no 2009. lidz 2013. gadam Latvijas teritorija.
Ievaktie partikas paraugi pétijumam (metodologija péc Aras and Ataman, 2006; Ekholm
et al., 2007): (I) augu valsts produkti — neapstradati, pieméram, augli un darzeni (aboli,
burkani, sipoli, kartupeli, salati) un péc parstrades (graudaugu produkti biezputram un
graudaugu maisijumi bérnu uzturam); (II) dzivnieku valsts produkti — neapstradati, pie-
méram, bisu produkti (medus, ziedputeksni, bisu maize), vistu olas, un péc parstrades
(biezpiens); (IIT) dzérieni - neapstradati (abolu sula, bérzu sula) un péc parstrades (abolu
vins). levacot paraugus Ipasa vériba tika attiecinata uz partikas izcelsmi un sezonalitati.
Kopuma analizéti 510 partikas paraugi.

Augu valsts izcelsmes partikas paraugi:

= saknu darzeni - sipoli Allium cepa (n!'=98), burkani Daucus carota (n =81), kar-

tupeli Solanum tuberosum (n =55) un kartupelu miza (n =6) (2.1., 2.2., 2.3. attéls);

* lapu darzeni - lapu salati Lactuca sativa (ievakti Latvijas teritorija (1 =7) un au-

dzéti piesarnota augsné (n =3) (2.4. attéls);

= augli - aboli Malus domestica (n=21) un abolu miza (n =3) (2.4. attéls);

= graudaugu produkti biezputram un graudaugu maisijumi bérnu uzturam - graud-

augu produktu maisijumi (n=10), pieméram, trisgraudu parslas, risu produkti
(n=10), kviesu produkti (n.=12) un griku produkti (n =11).

Augu valsts partikas paraugi iespéju robezas tika ievakti Latvijas teritorija, un, ieva-
cot paraugus, tika noteikta to izcelsme. Paraugi tikai ievakti svaiga veida tirdzniecibas
vietas vai tie$i no audzétaja. Iznemot graudaugu produktus, kuri tika ievakti pieejamos
komerciepakojumos, viens paraugs ietvéra 3-5 darzenus vai auglus, kas tika nomazgati,
nomizoti, sasmalcinati ar keramikas nazi (Kiocera) un izzavéti zavskapi (Labassco) pie
temperatiiras 80-105 °C atkariba no mitruma daudzuma parauga. Péc Zavé$anas paraugi
tika saberzti piesta lidz pulvera konsistencei un uzglabati hermétiski noslédzamos polieti-
léna maisinos tumsa un sausa vieta istabas temperatiira (Aras and Ataman, 2006).

Dzivnieku valsts izcelsmes partikas paraugi:

= biSu produkti - medus (n=80), ziedputeksni (n=5) un bisu maize (n=>5)

(2.5. attéls);

= biezpiens (n=27) ar atskirigu izcelsmi (zemnieku saimniecibas un piena parstra-

des uznémumi) ievakts vasaras un ziemas sezonas (2.6. attéls);

= vistu olas (n=33) ar atskirigu izcelsmi (no biologiskim saimniecibam, piemajas

saimniecibam un putnu fermam), ka arl paraugi (n=24) sezonalitates ietekmes
noveértésanai, kas ievakti gada garuma piemajas saimnieciba Aizkrauklé ar zina-
miem majputnu turé$anas apstakliem (2.7. attéls).

! Seit un turpmak n_— paraugu skaits
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2.2. attéls. Burkanu (Daucus carota) paraugu izcelsme

! Seit un turpmak shematiskajas kartés ar cipariem apziméts parauga numurs
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2.3. attéls. Kartupelu (Solanum tuberosum) paraugu izcelsme
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2.4. atteéls. Salatu (Lactuca sativa) paraugu izcelsme (s) un paraugi, kas audzéti piesarnota
augsné (x); abolu (Malus domestica) paraugu izcelsme (a)
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2.5. attéls. BiSu produktu paraugu izcelsme: ziedputeksni un biSu maize (p), medus; paraugi no
biologiskam saimniecibam (b)

IGAUNIJA z
BALTIJAS ‘
JURA
RIGAS % KRIEVIJA
JIRAS @ J
LicIs ) /*f s
10 '
- pR ;
25z r

LIETUVA 5

@ - definéta izcelsme
o 20mm B — nedefinéta izcelsme BALTKRIEVIJA

2.6. atteéls. Biezpiena paraugu izcelsme; paraugi ievakti ziemas (z) un vasaras (v) sezonas
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Dzivnieku valsts izcelsmes partikas paraugi tadi ka medus produkti tika uzglabati po-
lipropiléna traucinos ar vaku tumsa un vésa vieta. Biezpiena paraugi tika izzavéti zavskapi
(Labassco) 60 °C temperatiira un péc tam uzglabati saldétava -20 °C. Olu paraugi tika
atdaliti no caumalam un uzglabati saldéta veida hermétiski noslégtos polietiléna maisinos
(Aras and Ataman, 2006).
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2.7. attéls. Vistu olu paraugu izcelsme; paraugi ievakti no piemajas saimniecibam (a),
biologiskam saimniecibam (b) un putnu fermam (c), paraugi sezonalitates analizei (s)

Dzérienu paraugi (2.8. attéls) — abolu sula (n=9), bérzu sula (n=5) un abolu vins
(n=5) tika uzglabati ledusskapi (+4 °C) polipropiléna mégenés ar vaku. Paraugu analize
tika veikta uzreiz péc nogadasanas laboratorija.

2.1.2. Partikas paraugu sagatavosana pirms kvantitativas analizes

Pirms kvantitativas analizes partikas paraugi tika sagatavoti izmantojot slapjas minera-
lizacijas metodi, t.i., precizs parauga iesvars tika $kidinats koncentréta analitiski tira HNO,
(65 % w/v, Scharlau, Penta vai Merck) un koncentréta analitiski tira H,O, (30 % w/v,
Merck). Diennakti péc paraugu aplieSanas ar reagentiem, mineralizacijas process tika vei-
cinats paraugus karséjot termobloka (Biosan) lidz pilnigai mineralizacijai vai skelot mik-
rovilnu Skelanas iekarta (Milestone). Péc paraugu mineralizacijas, izmantojot dejonizétu
tdeni (<0.1 pS/cm, 18 MQ/cm, Millipore), uzpildot lidz noteiktam tilpumam tika iegtti
partikas paraugu $kidumi kvantitativai analizei. Dazi paraugi, pieméram, dzérienu paraugi,
olu un medus paraugi tika analizéti arl bez iepriekséjas apstrades, ko pielauj pilnigas atsta-
ro$anas rentgenfluorescences spektrometrijas tehniskas iespéjas (Klockenkamper, 1997).
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2.8. attéls. Dzérienu paraugu izcelsme: abolu sula (s), bérzu sula (b), abolu vins (v)

2.1.3. Kvantitativas analizes metodes

Lai noteiktu mikro- un makroelementu koncentraciju, partikas paraugu skidumi tika
analizéti ar $adam kvantitativas analizes metodém: TXRF - pilnigas atstaro$anas rentgen-
fluorescence spektrometrija (Rontec PicoTAX, Rontec GmbH), AAS - atomabsorbcijas
spektrometrija (AANALYST 200, Perkin Elmer) un ICP-MS - induktivi saistitas plazmas
masas spektrometrija (ELAN DRC-e, Perkin Elmer). Mérijjumiem piemérotaka metode
tika izvéléta atkariba no analizéjama parauga specifikas un nosakamo elementu spektra.
Analitisko mérijumu verifikacijai un rezultatu ticamibas noveértésanai tika veikti kontrol-
mérijumi izmantojot sertificétus references materialu paraugus: burkanu saknu pulveris
CS-CR-2 Carrot root powder (LGC Standards), abolu pulveris NCS ZC73017 Apple pow-
der (Promochem), kérpju pulveris IAEA-336 Lichen (IAEA), vajpiena pulveris BCR-063R
Skim milk powder (IRMM) un sarkana vina standarta paraugs PT Red wine Chilian (LGC
Standards), kas pirms analizes tika sagatavoti lidzigi ka analizéjamie partikas paraugi, mi-
neralizéjot ar koncentrétu HNO,.

Analitisko metozu mérijumu precizitates novértéjuma raditaji péc references parauga
NCS ZC73017 Apple powder analizes apkopoti 2.1. tabula.
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2.1. tabula

Analitisko metozu (TXRF, AAS, ICP-MS) precizitates novértéjums izmantojot references

paraugu NCS ZC73017 Apple powder

Elements koncentracija, (x+s),

Sertificéta

Koncentracija (x*s; n, =5)', kas noteikta ar attiecigo
metodi, mg/kg (Precizitate, %)

mg/kg TXRF AAS ICP-MS

Ca 49010 3169 (65) 480+44 (91) -

cd 0,0058:£0,0012 - <0,0100 (-) 0,0051:£0,0002 (88)
Co 0,026+0,006 - 0,020+0,010 (94)  0,023:0,001 (89)
Cr 0,30+0,06 <0,76 (-) 0,11£0,02 (36) 0,35+0,03 (117)
Cu 2,50+0,20 2,41%0,15 (96) 2,35+0,24 (94) 2,4620,10 (98)
Fe 16,0+2,0 14,0+0,5 (88) 9,1£0,6 (57) -

K 7700400 5806+173 (75) 7578+49 (98) -
Mg 39060 - 32242 (83) -
Mn 2,700,20 2,54+0,43 (94) 2,600,25 (96) 2,65+0,07 (98)
Na 1160+90 - 1173444 (101) -

Ni 0,14+0,05 <0,25 (-) <0,40 (-) 0,11+0,02 (79)
P 660+40 518457 (79) - -

Pb 0,084+0,032 - 0,054£0,011 (64)  0,081:£0,037 (96)
Rb 5,00+0,60 4,84+0,18 (97) - 4,9620,10 (99)
Sr 6,90+0,50 7,26+0,37 (105) - 7,04+0,05 (102)
Zn 2,10+0,40 2,04+0,12 (98) 2,080,05 (99) 1,97+0,08 (94)

2.2. Eksperimentala partikas kultaraugu audzeésana

2.2.1. Augsnes paraugu analize un sagatavosana

Augsnes paraugi kultiraugu eksperimentalai audzésanai tika ievakti 2011. gada pa-
vasari Vidzemes augstienes DR Vecpiebalgas novada Taurenes pagasta, Lodes muizas
apkartné, nemot véra Latvijai raksturigakos augsnu tipus un teksttru (Karklin$ et al,
2009; Kasparinskis, 2011; Nikodemus, 2011). Paraugi tika ievakti no H vai Ap horizonta,
0-20 cm dziluma. Augsnu paraugi tika identificéti $adi: S1 - zema purva kidraugsne;
S2 - velénu podzolaugsne / smil$mals; S3 - velénu podzolaugsne / smilts; S4 - velénu
podzolaugsne / malsmilts; S5 - velénu podzolaugsne / smil$ains smil$mals (FAO, 2006;
Karklins et al., 2009; Nikodemus, 2011; Noteikumi 804, 2005). Laboratorija, izmantojot
standartmetodiku, tika noteikti tadi aug$nu raksturlielumi ka granulometriskais sastavs,
pH,,, un pH,, organisko vielu saturs, katjonu bazu summa, elementu koncentracija
(FAO, 2006; Pansu and Gautheyrou, 2006).

Lai veiktu partikas kulttiraugu audzésanu un elementu biopieejamibas pétijumu, aug-
snes paraugi tika maksligi piesarnoti sekojosi:

a) monokontaminacija, izmantojot vara sulfata pentahidrata CuSO,x5H,0 skidumu
pie noteiktam Cu mérkkoncentracijam (40, 70, 100, 130 un 200 mg/kg);

U Seit un turpmak x - vidéja vértiba, s - standartnovirze, n, — mérjjumu skaits
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b) multielementu kontaminacija, izmantojot metalisko elementu (Cd, Cu, Pb un Zn)
salu skiduma maisijumu pie noteiktam elementu mérkkoncentracijam (6 mg/kg Cd,
130 mg/kg Cu, 750 mg/kg Pb un 300 mg/kg Zn), pielietojot $adus reagentus — kadmi-
ja acetata dihidrats Cd(CH,COO),x2H,0, vara sulfata pentahidrats CuSO,x5H,0, svina
(IT) nitrats Pb(NO,), un cinka sulfata heptahidrats ZnSO,x7H, 0.

Augsnes paraugi tika piesatinati ar aprékinato reagenta Skiduma daudzumu, meha-
niski maisot, ka tas aprakstits literattira (Alexander et al,, 2006; Inaba and Takenaka,
2005). Dala augsnes paraugu tika atstati nepiesarnoti kontrolei. Dala piesarnoto paraugu
tikai piesatinati ar humusvielu skidumu (3 g/kg; augsta tipa purva kidra ar C 54,35 %,
H 2,36 %, N 1,26 %, Mw 4 500 — 12 000 dal). Péc 2 nedélam tika veikta atkartota augsnes
paraugu mehaniska homogenizacija, kam sekoja augsnes iepildisana stadu kastés ar mér-
ki audzét 3 kultaraugu sugas — redisus Raphanus sativus L. ‘Saxa 2 lapu salatus Lactuca
sativa L. ‘Grand Rapids’ un dilles Anethum graveolens L. ‘Mammut. Kultiraugu audzésa-
na tika veikta 2011. gada vasara lauku teritorija Aizkraukles apkartné.

2.2.2. Augsnes un augu paraugu frakcionésanas analize

Lai noteiktu elementu biopieejamibu no augsnes augiem, tika veikta augsnes frakcio-
nésanas analize (attéls 2.9.), izdalot 5 frakcijas: 1) tideni $kistoSo savienojumu frakcija;
2) skabé gkistoso savienojumu frakcija; 3) reducéto savienojumu frakcija; 4) organisko
savienojumu frakcija; 5) ar sulfidiem saistito savienojumu frakcija (Arthur et al., 2007;
Malandrino et al., 2011; Tessier et al., 1979).

¥ {
4 1. solis N ( 2. solis N ( 3. solis N 4. solis N 5. solis R
Ekstrakcija Ekstrakcija Ekstrakcija ar Oksidacija ar Ekstrakcija ar
ar H,0 ar0,11 M 05M konc. H,0, un konc. HCl un
CH,COOH NH,OHxHCI ekstrakcija ar konc. HNO,
= @ J % AN % J kCHsC@ONH‘tj - @ J
N\ N N\ [ 0\
1. frakcija 2. frakcija 3. frakcija 4. frakcija 5. frakcija
Udent Skabé Reducétie Organiski Atlikumi
Skistosie SkistoSie savienojumi savienojumi (piem., sulfidu
savienojumi \savienojumi L savienojumi) )

2.9. attéls. Frakcionésanas analizes shéma

Lai vértétu elementu biopieejamibu baribas kédes segmenta augs-cilveks, tika veikta
ievakto salatu paraugu frakcionésanas analize, izdalot 3 frakcijas: 1) Gideni $kistoso savie-
nojumu frakcija; 2) skabé kistoso savienojumu frakcija; 3) reducéto savienojumu frakcija
(Arthur et al., 2007; Malandrino et al., 2011; Tessier et al., 1979).

Iegiitajos paraugu frakciju S$kidumos tika noteikts kvantitativais elementu saturs iz-
mantojot atomabsorbcijas spektrometrijas un induktivi saistitas plazmas masas spektro-
metrijas metodes.
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3. REZULTATI UN DISKUSIJA

3.1. Vides apstaklu ietekmju uz elementu saturu partika izvértéjums

3.1.1. Sezonalitates ietekme uz elementu koncentraciju

Sezonalitates ietekme tika izvértéta nemot véra konstatéto elementu koncentraciju
biezpiena un vistu olu paraugos.

Biezpiens. Biezpiena paraugi tika ievakti divu sezonu (pavasaris/vasara un rudens/
ziema) ietvaros. Attieciba uz makroelementu saturu ziemas sezonas laika ievaktajos pa-
raugos tika konstatéts augstaka elementu koncentracija, ipasi Ca un K (3.1. attéls), ko var
saistit ar dzivnieku uzturésanas atskiribam sezonalitates ietekme.
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3.1. attéls. Vidéja elementu koncentracija biezpiena atkariba no sezonas
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Arl lielaka mikroelementu koncentracija (Cr, Cu, Mn, Zn) konstatéta paraugos, kas
ievakti ziemas perioda. Tomér dazi elementi, pieméram, Fe, Ni un it ipasi Pb augstaka
koncentracija konstatéti paraugos, kas ievakti vasaras sezona. To visticamak var saistit ar
vides faktoru ietekmi, pieméram, liellopu ganibas autocelu vai dzelzcela tuvuma iespéja-
ma Pb un Ni nonaksana uz zales puteklu veida, kas var veicinat baribas kédes piesarno-
jumu. Nozimigs ir lopu baro$anas rezims, kas ziemas un vasaras sezona ir atskirigs, t.i.,
ziemas perioda dzivnieki sanem mineralvielam bagataku baribu (pieméram, kombinétu
mikro-, makroelementiem un vitaminiem bagatinatu spékbaribu) neka vasaras sezona,
kad lielaka méra iespéjama to baro$ana ar zali vai sezonalu augu izcelsmes baribu.

Vistu olas. Sezonalitates noteiksanai vistu olu paraugi tika ievakti katru ménesi viena
gada garuma (2011. gada aprilis — 2012. gada marts) no piemajas saimniecibas Aizkrauklé
ar zinamiem majputnu uzturé$anas apstakliem: pavasara sezona un vasaras sezona maj-
putni tika turéti ara apstaklos ar iespé&ju brivi parvietoties un meklét baribu noteikta teri-
torija, bet rudens un ziemas sezona majputni tika turéti no aréjas vides norobezota telpa
un sanéma kombinéto baribu, ka ari graudus. Atseviski tika analizéts olu baltums un olu
dzeltenums. legitie dati liecindja, ka augstaka mikroelementu (Cu, Fe, Zn) koncentracija
kopuma konstatéjama olu paraugos, kas ievakti vasaras vai pavasara sezona (3.2. attéls).
Iznémums ir Se, kas vairak ir konstatéts paraugos no ziemas sezonas, pie tam, olu bal-
tuma Se varéja kvantificét tikai ziemas sezonas paraugos, ko ciesi var saistit ar sezonali-
tates ietekmi, jo augsnés Latvija ir konstatéts Se deficits (Zegnere and Alsina, 2008). Tas
izskaidro zemo Se saturu olu paraugos vasaras un pavasara sezond, kad putniem bari-
bas uznemsana vairak iespéjama no apkartéjas vides, t.sk., no augsnes, mezobiotas un
augiem.

Lidzigi ka konstatéts biezpiena izpété, arl olu paraugos augstaka makroelementu kon-
centracija attiecinama uz paraugiem, kas ievakti ziemas sezona, ko var saistit ar majputnu
turésanas apstakliem un barosanas iespéju sezonalo mainibu.

3.1.2. Botaniskas izcelsmes ietekme uz elementu koncentrdciju partika

Zinot ievakto paraugu botanisko izcelsmi bija iespéjams noteikt $is ietekmes nozimi
attieciba uz elementu satura mainibu medi. Medus paraugi tika iedaliti 7 botaniskas iz-
celsmes grupas: 1) dazadu ziedu medus (n =33); 2) virSu un meza ziedu medus (n=16);
3) rapSa un pavasara ziedu medus (n =5); 4) griku un abolina ziedu medus (n_=9); 5) lie-
pu ziedu medus (n =6); 6) plavas ziedu medus (n =8); 7) riipnieciski razots medus maisi-
jums ar nezinamu botanisko izcelsmi (n =3).

Lai novértétu arl piesarpojuma ietekmi, medus paraugu analizé lielaka vériba tikai
pievérsta potenciali toksisko elementu noteiksanai. Kopuma medus paraugu kvantitativa
analize atklaja, ka, nemot véra vidéjo rezultatu, potenciali toksiskie elementi meda kvan-
tificéjami $ada seciba: Zn >Al >Cu >Ni >Cr >Pb >Co >Cd >As. legitie dati par saméra
augsto Al, Cu, Ni un Zn koncentraciju medi liecina par iespéjamu medus piesarnojumu
ta sagatavos$anas vai uzglabasanas laika, jo $ie metali ir plasi sastopami majsaimniecibas
lietu izejmaterialos (Joudisius ir Simoneliene, 2009).

Atkariba no botaniskas izcelsmes, nemot véra vidéjas vértibas, kopuma medus parau-
gos potenciali toksiskie elementi tika konstatéti $ada seciba (no augstakas koncentracijas
uz zemako): ritpnieciski razotie medus maisijumi >virSu un meza ziedu medus >dazadu
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3.2. attéls. Sezonala ietekme uz Fe, Zn, Cu, Ba, Mn un Se koncentraciju vistu olu paraugos

ziedu medus >plavas ziedu medus >liepu ziedu medus >griku un abolina ziedu medus
>rap$u un pavasara ziedu medus. Zn, Al, Pb un Cd koncentracija analizétajos medus
paraugos péc botaniskas izcelsmes apkopota 3.3. attéla.

Elementu satura botaniskas ietekmes ipatnibas var saistit arl ar vides faktoru ie-
tekmém. Pieméram, tadi elementi ki As un Pb augstaka koncentracija konstatéti lie-
pu ziedu medd, kas liecina par iespéjamu vides piesarnojuma ietekmi, jo liepas parasti
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aug apdzivotas teritorijas, autocelu tiesa tuvuma, kas var kalpot ka piesarnojuma avots.
Savukart lauksaimniecibas veids, agrokimijas un meéslosanas lidzeklu lieto$ana var ietek-
mét rap$u vai griku ziedu medus sastavu. Bet augstako konstatéto elementu koncentraciju
ripnieciski razota meda visdrizak var saistit ar nepiemérota aprikojuma, pieméram, me-
talu sakauséjumus saturo$u materialu pielietosanu razo$anas procesa.
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3.3. attéls. Zn, Al, Pb un Cd koncentracija medus paraugos ar dazadu botanisko izcelsmi

3.1.3. Lauksaimniecibas prakses ietekme uz elementu koncentrdciju partika

Lauksaimniecibas prakses, ka ari partikas razo$anas ietekme uz elementu koncentra-
ciju tika novértéta tadiem produktiem ka saknu darzeni, biezpiens un vistu olas.

Saknu darzeni. Zinot ievakto saknu darzenu paraugu izcelsmi un to ieguvé pielieto-
to lauksaimniecibas praksi, bija iespéjams salidzinat elementu koncentraciju starp sipo-
lu un burkanu paraugiem, kas audzéti intensivas lauksaimniecibas ietekmé un piema-
jas saimniecibas. Koncentraciju atskiribu statistiska nozimiba tika novértéta izmantojot
FiSera kritériju un atbilsto$u t-testu. Pieméram, sipolu paraugu analize atkldja butiskas
atskiribas starp minétajam apaksgrupam vairakiem elementiem (Sr, Ni, Cd, Se un Co),
kuru koncentracija bija butiski augstaka sipolu paraugos, kas augusi intensivas lauksaim-
niecibas ietekmé, tikmér Rb koncentracija bija daudz augstaka paraugos no piemdajas
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saimniecibam. Savukart burkani, kas augusi piemajas saimniecibas, saturéja vairak Zn,
Mn un Rb neka burkanu paraugi, kas iegiiti intensiva lauksaimnieciba. Konstatétas saka-
ribas pamato lauksaimniecibas prakses ietekmi uz elementu saturu partikas kultaraugos,
liecinot, ka intensiva lauksaimnieciba var ietekmét potenciali toksisku elementu ienesi
augos, bet piemajas saimniecibas audzétos augos uz elementu saturu, visticamak, nozimi-
gaka biis geokimiska fona ietekme. Piemajas saimniecibas mazaka ietekme ir no pesticidu
vai maksliga méslojuma izmantoSanas, tomér biezi vien mazdarzini gimenes vajadzibam
tiek ierikoti apdzivotas vietas, intensivas satiksmes piesarnojuma joslas, ka ari tuvu rap-
niecibas teritorijam vai rekultivétas teritorijas, kas var bt piesarnotas. Dota pétijuma ie-
tvaros paraugos no piemajas saimniecibam netika konstatéts paaugstinats piesarnojums
ar potenciali toksiskiem elementiem, ko var saistit ar paraugu ievaksanu parsvara lauku
teritorijas, kur piesarnojuma ietekme ir mazak batiska.

Vistu olas. Analizé&jot vistu olu paraugus no dazada veida razotajiem (biologiskam
saimniecibam, piemajas saimniecibam un vistu fermam), tika konstatétas butiskas atski-
ribas. Pieméram, paraugos no biologiskam saimniecibam tika konstatéta augstaka Cu, Fe,
Mn, Pb un Zn koncentracija (3.4. attéls). Savukart Pb netika konstatéts neviena no parau-
giem, kas ievakti no putnu fermam.
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3.4. attéls. Fe, Zn, Cu, Mn, Pb un Se koncentracija vistu olu paraugos atkariba no izcelsmes
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Praktiski visiem elementiem augstakas vidéjas koncentraciju vértibas tika konstatétas
olu paraugos, kas iegtiti biologiskas saimniecibas, bet elementu koncentracija piemajas
saimniecibu olas un vistu fermu olas bija zemaka un saméra lidziga. Ta ka biologisko
saimniecibu darbiba tiek stingri reglamentéta (EK Regula 889, 2008), tad butiba var iz-
slégt iegito datu interpretaciju saistiba ar piesarnojumu, kas varétu rasties no agrokimi-
jas, maksliga méslojuma vai veterinaro medikamentu izmanto$anas majputnu audzésana.
Lidz ar to augstas elementu koncentracijas saistamas ar neatkarigu vides faktoru ietekmi,
ka vides piesarnojuma parnese, uz ko norada tadu elementu (pieméram, Cu, Pb, Zn) pa-
augstinata koncentracija, kas ir labi zinami ka vidi piesarnojosie elementi.

3.2. Elementu biopieejamibas novértéjums

3.2.1. Augsnes paraugu raksturojums

Lai veiktu elementu biopieejamibas izpéti, tika veikta eksperimentala partikas kul-
tiraugu audzésana, kam tika izmantoti 5 dazada tipa un granulometriska sastava augsnes
paraugi: S1 - zema purva kadraugsne; S2 — velénu podzolaugsne / smil$mals; S3 - velénu
podzolaugsne / smilts; S4 — velénu podzolaugsne / malsmilts; S5 - velénu podzolaugsne /
smil$ains smilSmals (FAO, 2006; Karklins$ et al., 2009; Nikodemus, 2011; Noteikumi 804,
2005).

Augstaka pH vertiba tika konstatéta augsnei S1 (pH,,, 5,31 / pH, , 5,06), bet zemaka
augsnei S5 (pH,,, 4,61 / pH,, 5,11). Organisko vielu saturs mainijas no 2,9 % lidz 4,2 %
mineralaugsném (52-S5), bet zema purva kidraugsnei (S1) - 29,3 %. Katjonu bazu sum-
ma (CBS) liela méra ir atkariga no organisko vielu satura augsné un augsnes pH. CBS
mineralaugsném (52-S5) konstatéts 3,13-8,17 cmol/kg, bet 142,29 cmol/kg - zema purva
kiidraugsnei (S1). Ca** jonu saturs tika konstatéts 70,9 % no CBS velénu podzolaugsnei /
smil$ains smil$mals (S5), bet zema purva kiidraugsnei (S1) 87,5 % no CBS, kas liecina,
ka izvélétie augsnes paraugi ir ar augstu auglibas pakapi un ir piemérojami kultiraugu
audzésanai (Hodges, s.a.).

Kopéjais elementu saturs aug$nu paraugos tika novértéts pirms maksligas piesarnosa-
nas (3.1. tabula).

Velénu podzolaugsne / smil$ains smilsmals (S5) saturéja ievérojami augstaku Cr, Ni
un Pb koncentraciju neka paréjas augsnes, kas varétu bt saistits ar elementu adsorbciju
uz mala dalinam, jo $is augsnes paraugs vértéts ka maliem bagats. Nozimiga pozitiva ko-
relacija (r>0,8) tika konstatéta $adu elementu pariem: Zn ar Ca, Co, Cr, Fe, K, Ni, Mg; K
ar Cu, Pb; Ca ar Co, Mn.

Péc augsnes piesarnosanas gan ar CuSO,x5H,O $kidumu dazadas Cu mérkkoncen-
tracijas (40, 70, 100, 130 un 200 mg/kg), gan izmantojot Cd, Cu, Pb un Zn salu maisi-
jumu, tika konstatéta elementu hiperakumulacija, it ipa$i zema purva kadraugsné (S1)
(3.2. tabula).
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3.1. tabula

Elementu koncentracija augsnes paraugos pirms piesarnosanas procediiras

Augsnes paraugs

Elements s1 52 s3 54 s5
Elementa koncentracija (x*s; n, =3), g/kg
Ca 24,88+0,24 0,98+0,03 0,60+0,03 1,18+0,09 1,03+0,07
Fe 20,60+0,22 10,94+0,62 3,50+0,24 5,25+0,17 14,21+0,54
K 0,89+0,02 1,87+0,09 0,52+0,06 0,84+0,02 2,12+0,15
Mg 1,93+0,08 1,83+0,08 0,61+0,02 0,97+0,03 2,36+0,11
Elementa koncentracija (x*s; n,=3), mg/kg
Cd 0,45+0,05 0,10+0,01 0,11+0,10 0,17+0,08 0,08+0,02
Co 3,49+0,75 4,45+0,15 1,58+0,03 2,60+0,20 6,74+0,65
Cr 15,79+0,89 15,32+0,11 5,10+0,14 6,46x0,23 19,45+1,07
Cu 13,96+2,27 6,77+0,25 2,32+0,21 10,30+0,56 8,24+0,32
Na 66,1+13,2 61,0+34,6 38,3+18,7 57,0£15,6 56,9+15,1
Ni 10,42+2,16 8,20+0,39 2,81+0,27 4,07+0,35 10,66+0,44
Mn 241,7£16,6 194,1£7,0 117,8+10,7 395,7+26,1 401,0£31,6
Pb 14,66£3,16 6,29+1,35 3,22+1,70 5,86+1,49 8,73+0,78
Zn 28,67+6,39 27,57+2,61 16,46+0,55 60,50+2,97 35,36+0,84
3.2. tabula

Elementu koncentracija augsnes paraugos péc piesarnosanas ar Cd, Cu, Pb un Zn salu

maisijumu

Elementa

Elements  meérkkoncentracija,

Faktiska elementa koncentracija augsné (x+s; n_=3), mg/kg

mg/kg S1 S2 S3 S4 S5
Cd 6 1742 5+1 5+1 6+1 6+1
Cu 130 425+35 147+1 148+8 150+4 165+6
Pb 750 22324199 737149 761148 75110 865+29
7Zn 300 880+73 296+53 345423 35949 349+11

Iegtitie dati liecina par cieSu saikni starp augsnes piesarnojuma limeni un organisko
vielu saturu augsné, ka ari augsnes granulometriska sastava nozimibu.

3.2.2. Elementu akumulacija eksperimentali audzétajos partikas kultiiraugos

Kontaminétajos augsnes paraugos tika audzéti tadi partikas kultaraugi ka lapu sa-
lati Lactuca sativa, dilles Anethum graveolens un redisi Raphanus sativus. Lai noteiktu
elementu ienesi no augsnes un akumulacijas intensitati, tika aprékinats parneses koefi-
cients (TF - transfer factor). Augstakas TF vértibas (>10) tika iegiitas attieciba uz Zn par-
nesi salatu paraugos mineralaugsnés (52-S4), bet zemakas TF vértibas attiecinamas uz
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paraugiem, kas iegiiti augsnés ar augstaku organisko vielu saturu, pieméram, zema purva
kiidraugsné (S1). Tapat arl humusvielu pievieno$ana augsném samazina elementu parne-
ses intensitati un akumulaciju augos (3.3. tabula).

3.3. tabula
Parneses koeficients (TF) salatu un redisu paraugiem audzétiem ar
Cd, Cu, Pb un Zn salu maisijumu piesarnotas augsnés

TE attiecigi bez (S) vai ar (S,;) humusvielu skiduma pievienosanas augsnei

Elements Paraugs
S1 S2 S3 S4 S5 Sl S2 S3 S4 S5

H H H H H

Salati 0,11 1,84 1,52 1,06 063 0,09 041 053 035 0,50

Cd .
Redisi - - - - - 0,06 043 031 0,18 0,35
Cu Salati 0,02 049 1,55 082 0,04 0,02 011 0,07 0,07 0,08
Redisi - - - - - 0,02 0,18 033 0,16 0,06
b Salati 0,005 0,28 0,64 0,59 0,03 0,003 0,09 0,07 0,02 0,04
Redisi - - - - - 0,005 0,09 0,16 0,04 0,09
7n Salati 0,48 10,47 11,95 11,43 1,51 0,38 1,29 1,90 1,67 1,21
Redisi - - - - - 0,28 3,48 3,31 2,21 2,12

Starp pétamajiem elementiem zemaki TF tika aprékinati svinam. Kopuma augsta-
kas TF vértibas konstatétas parnesé uz augu sakném neka uz lakstiem. Dati liecinaja, ka
multielementu piesarnojums augsné paaugstina elementu akumulacijas intensitati augos,
pieméram, mijiedarbiba ar citiem metaliskiem elementiem augsta koncentracija (Cd, Pb,
Zn) augsné Cu akumulacija salatos var pieaugt par 31 %, neka ja augsnes kontaminétas
ar vienu piesarnojoso elementu. Savukart augsném pievienojot humusvielu skidumu, ele-
mentu akumulaciju var samazinat pat par 90 % lapu darzenos (salatos), un par apméram
25 % saknu darzenos (redisos).

3.2.3. Elementu biopieejamiba baribas kédes segmentd augsne-augs

Elementu biopieejamibas novértéjums tika veikts izmantojot frakcionésanas analizes
rezultatus. Kopuma tika konstatéts, ka elementu koncentracijas atskiribas starp frakcijam
batiskakas ir salidzinot zema purva kiidraugsni (S1) un mineralaugsnes (S2-S5). Lielakas
dalas elementu saistiba reducétu savienojumu frakcija attiecinama uz augsném S1 un S$4,
respektivi, 41 % un 35 %, kas satur salidzino$i vairak organisko vielu neka paréjas augsnes
(3.5. attéls).

Lielaka elementu dala, kas saistita ar sulfidu savienojumiem konstatéta augsnei S3
(39 %). Vismazak elementi saistiti tideni skistoSo savienojumu frakcija (3-7 %), kam seko
skabé skistoso elementu frakcija (7-12 %). Tas liecina, ka tikai neliels daudzums no kopé-
ja satura elementu augsné ir biopieejams augiem, bet lielaka dala elementu ir saistiti frak-
cijas ar zemu biopieejamibas pakapi. Kvantificéjot 13 elementus (As, Cd, Ce, Co, Cs, Cu,
La, Ni, Pb, Rb, Sr, V un Zn) katra no frakcijam, tikai veikts salidzinajums par individualu
elementu biopieejamibu atkariba no augsnes tipa un granulometriska sastava.
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3.5. attels. Kopéjais elementu sadalijums pa frakcijam analizétajos augsnes paraugos
(S1 - zema purva kadraugsne; S2 - velénu podzolaugsne / smil$mals; S3 - velénu podzolaugsne /
smilts; S4 - velénu podzolaugsne / malsmilts; S5 — velénu podzolaugsne / smilSains smil§mals)

3.2.4. Elementu biopieejamibas aspekti baribas kédes segmenta augs-cilveks -
peétijums ar lapu salatiem

Elementu biopieejamibas baribas kédes segmenta augs-cilveks ir komplicéts izpétes
jautajums, ko var ietekmét gan vides faktori, savienojumu kimiskas ipasibas un bioki-
misko procesu reakcijas, gan individa organisma Ipatnibas. Tomér provizorisku elementu
biopieejamibas vértéjumu var veikt, pielietojot frakcionésanas analizes principus un zi-
not, ka liela méra elementu biopieejamiba ir atkariga no kimisko savienojumu skidibas.

Frakcionésanas analize tika veikta analizéjot lapu salatu paraugu ekstraktus 3 frakei-
jas: 1) adeni $kistoso savienojumu frakcija; 2) skabé skistoso savienojumu frakcija; 3) re-
ducéto savienojumu frakcija. Katra frakcija tika kvantificéti 12 elementi (As, Ba, Cd, Co,
Cu, Mn, Ni, Pb, Rb, Se, Sr un Zn). Kopuma elementu sadalijums pa frakcijam liecinaja,
ka lielaka méra elementi saistiti ideni $kisto$o savienojumu frakcija (47 %) un reducé-
to savienojumu frakcija (37 %), bet skabé kistoSo savienojumu frakcija tikai 15 %, kas
ir krasi atskirigi neka konstatétais elementu sadalijums pa frakcijam augsnés. Vértéjot
individualu elementu saistibu frakcijas, var secinat, ka vismazak biopieejamie elementi
ir As, Cd un Sr, jo to saistiba Gdeni $kisto$o savienojumu frakcija konstatéta vismazaka
(3.6. attels).

Udeni $kistodo savienojumu frakcija vairak saistiti (>50 %) tadi elementi ka Co,
Cu, Ni, Pb, Rb un Se, kas var radit iespéjamu risku attieciba un potenciali toksiskiem
elementiem.

Nemot véra konstatétas ipatnibas elementu parnesé, var secinat, ka elementu ienese
cilvéka uztura no augsnes salidzino$i ir neliela, tomér janem véra, ka pieaugot elementu
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3.6. attéls. Elementu sadalijums pa frakcijam lapu salatos

koncentracijai augsné, kur audzéti kultiiraugi, ari augos elementu koncentracija var pie-
augt, un tas var radit iespéjamu risku patérétajam. Veiktie elementu biopieejamibas ana-
lizu dati un aprékini lauj vienkarsoti izvértét provizorisko elementu biopieejamibas ap-
jomu zinot kopéjo elementu koncentraciju matrica, kas lauj veikt atru riska batiskuma
novertéjumu.
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SECINAJUMI

= Jegitie rezultati atklaja vairaku apstaklu (sezonalitates, vietas specifisko, botaniskas
izcelsmes, lauksaimniecibas prakses, parstrades procesu) ietekmi uz elementu kon-
centraciju analizétajos partikas paraugos, tomér elementu parneses no vides partika
specifika nav vienota un ir atkariga no individualam katram partikas produktam vai
lidzigu partikas produktu grupai raksturigam iezimém mijiedarbiba ar apkartéjas vi-
des apstakliem partikas ieguves un razo$anas procesa.

= Dabisko vides ietekmes apstaklu, tadu ka sezonalitate, novértéjums atklaja elementu
koncentracijas atskiribas dzivnieku izcelsmes partikas produktos ciesa saistiba ar pie-
lietoto lauksaimniecibas praksi. Sezonalo ietekmi uz elementu koncentraciju partika
netie$i var saistit ari ar vides piesarnojuma ietekmi.

* Antropogéna rakstura ietekmes apstaklu, tadu ka lauksaimniecibas veida ietekmes
izpéte atklaja atSkiribas starp elementu (pieméram, Cd, Co, Na, Ni, Se) sastavu kul-
tiraugos audzétos atskirigos apstaklos, ko var saistit ar agrokimijas un méslojuma pie-
lietosanas intensitati. Liela nozime elementu satura ipatnibu noteiksana ir auga sugai.

= Konstatétas atskiribas starp elementu koncentraciju dzivnieku izcelsmes partikas pro-
duktos, kas iegiiti no biologiskas un intensivas lauksaimniecibas, liecina par elementu
satura vidé ietekmém, kas var but gan dabigas izcelsmes, ka geokimiskais fons, gan
antropogénas izcelsmes, ka vides piesarnojums. Biologiskas saimniecibas butu japie-
vérs lielaka nozime vides faktoru iespéjamo ietekmju uz partikas sastavu identificésa-
nai un izpétei.

= Salidzinot elementu koncentraciju starp kultGraugu partika lietojamam dalam un
mizu, konstatéts, ka vairakiem mikroelementiem (pieméram, As, Co, Cr, Fe, Pb) ir
tendence uzkraties miza, kameér citi elementi (pieméram, Cd, Se, Zn) tiek viegli asimi-
léti auga un tadéjadi vieglak var klit par potencialiem partikas piesarnotajiem.

= Vietas specifisko apstaklu ietekmi uz elementu koncentraciju partika nevar vértét
viennozimigi, pieméram, medus paraugu analize atklaja nelielas elementu koncentra-
ciju atskiribas, tomeér netika konstatéta nozimiga korelacija ar regionaliem apkartéjo
vidi raksturojosiem faktoriem.

= Dati par elementu parneses intensitati baribas kédé augsne-augs apstiprinaja augsnes
ipasibu, pieméram, organisko vielu satura un augsnes granulometriska sastava nozi-
mibu elementu parnesé un akumulacija augos. Organisko vielu spéju saistit smagos
metalus neskistoSos kompleksos savienojumos ir iespéjams attistit ka perspektivu
praktiskai izmanto$anai, pielietojot humusvielu piedevas elementu parneses samazi-
nasanai piesarnotas augsnés, pieméram, lauksaimniecibas zemés.

= Elementu biopieejamibas izpéte atklaja, ka tikai neliela dala no elementa kopéja satura
augsné, atkariba no elementa specifikas, ir pieejama aug$up pa baribas kédi augsne-
augs-cilveks. Tomér partikas piesarpojuma risks var kumulativi palielinaties, ja ele-
mentu koncentracija vidé ir augsta. Noteiktad elementu biopieejamibas atkariba no
augsnes Ipasibam var tikt izmantota riska analizé.
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Gan dabigie, gan antropogénie vides apstakli var radit partikas piesarnojuma risku
ar potenciali toksiskiem elementiem, kas ir svarigs jautajums attieciba uz patérétaju
drosibu, tapéc butu nepiecieSams regionals partikas monitorings noteiktu ietekmes
faktoru aspekta, it Ipasi attieciba uz majrazotaju produktiem. Kopuma var secinat, ka
partikas paraugu kvantitativa analize ir nozimigs pétijumu virziens gan vides, gan ki-
mijas un veselibas zinatnu nozarés, kas jaattista plasaka meéroga.
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