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Annotation

Besides the transfer of essential micro- and mésmoents from environment to food,
contamination of food chain with toxic and poteltyidoxic elements, e.g., As, Cr, Cd, Hg,
Pb may occur. The aim of the doctoral research &ichf environmental conditions on
micro- and macroelement content in selected foanfrLatvia” included quantitative
investigation of food samples collected in Latvia discover factors influencing the
concentration and possible transfer routes of ehtsnen food. In addition, element
bioavailability in food chain was studied by expeental food crop growth in contaminated
soil. Obtained results revealed influence of seviaGtors, e.g., seasonality, botanical origin,
site-specific factors, applied agricultural praetidood processing on the concentration of
elements in food.

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



General overview of the work

Introduction

Food and drinking water are the main sources ofienit element supply for human
body. Apart from basic substances of nutrition aestgins, carbohydrates and lipids, human
body requires fibres, vitamins, amino acids, enzynamd range of essential chemical
elements. Macroelements such as Ca, K, Mg, Na anbetements (e.g., Cr, Cu, Fe, Mn,
Mo, Se, V, Zn) are essential compounds which affeetl functioning of human body —
development, growth, reproduction. Although, thi@imation of the chemical and nutritional
content of majority of foodstuffs is establishedl aaggregated in series of handbooks about
nutrition and healthy diet, e,gBurgerstein’s handbook of nutritioZimmermann, 2001),
Handbook of nutrition and foo(Berdanier et al., 2007))ztura n@ciba (Nutrition studie}
written by Latvian dieticians (Zar$ un Neimane, 2009), and several databases ctedthy
agricultural and food research institutions (eldSDA, s.a.), micro- and macroelement
content in food regionally is very variable (e heroumand and Deokule, 2010; Ekholm et
al., 2007; Ferre-Huguet et al., 2008; Hashmi et28l07). Specific or natural environmental
conditions with interconnection of anthropogenifiuances may affect element content in
food. For example, element content in soil canugrice composition of vegetation that is
consumed by animals or is used as human food résugting in the specific element transfer
into food chain which may affect human health, kewity and life quality in general (Combs,
2005; Fraga, 2005; Nabrzyski, 2007). Food contatiminawith toxic and potentially toxic
elements (e.g., As, Cr, Cd, Hg, Pb) may occur tieguln reduced quality of daily nutrition
and adverse health effects. Therefore, the assassheéhe content and concentration of
micro- and macroelements in connection with estionadf environmental and anthropogenic
impacts are the issues of a high importance. Indtion of tendencies in the content of
elements in food also can be used as an indicdtaregional environmental element
background (Fernandez-Torres et al., 2005; Foddr Maolnar, 1993; Pisani et al., 2008).
Quantitative data of micro- and macroelement cotma&an is an indispensable tool for risk
assessment analysis that can be associated wittsional intakes of elements in too high
levels and may lead to the toxic adverse effectsuman body or, contrary, can be connected
with possible insufficiency of element intake thaty determine deficiency of certain
elements in human body (Goldhaber, 2003). Thugrdmciplinary studies of micro- and
macroelement concentration in foodstuffs are ofdrtgnce for many branches of science
including environmental science, chemistry, food amtrition science, and health sciences.
And the aim of such studies is not only to investiggimpacts of environmental pollution, but
also to identify element inputs from environmentféod due to the natural environmental
conditions as well as to discover the element feansutes and accumulation processes. The
research of micro- and macroelement concentratiofoed within the interconnection of
impact of environmental conditions is of great imtpoce from the public healthcare
perspective as support to regional or site-speddad production, especially considering
growing role of biological farming and domesticrfang as well as for further development
of food quality control system.

Aim of the work

The aim of the work was to study concentration a€roz and macroelements in
selected foodstuffs collected over the territory laftvia to characterize the impact of
environmental conditions influencing element cotfiteancentration and transfer in food, and
to study the provisional bioavailability of elemgm food chairsoil-plant-human.



Tasks of the work
= Application and development of methodology for fetdf sampling,
pretreatment and quantitative analysis of elemamtcentration considering
guality assurance requirements.
= Collection of food samples in Latvia and subseqummntitative analysis of
element concentration, data statistical analysssessment of the impact of
environmental conditions influencing element cohiarfoodstuffs in respect to,
e.g., environmental pollution, impact of naturatlamthropogenic conditions.
= Study of the routes of micro- and macroelement mwr@ within the food
chain soil-plant-human and assessment of provisional bioavailability of
elements in food chain segmeatsl-plantandplant-human
= Provisional risk and benefit assessment of elenwamtribution in human
nutrition as well as comparison of micro- and matgment concentration in
food in Latvia with corresponding data from otheuwtries.
The main focus of the wonlwas the implementation of screening analysis cécet]
food in Latvia to discover the tendencies of micamd macroelement concentration within
the framework of impact of environmental conditions

Hypothesis

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

Proposed theses

1. Quantitative analysis of micro- and macroelementfood samples using methods of
analytical chemistry — a challenge for the improeemof food analysis methodology
and development of screening methods.

2. Analysis of micro- and macroelements in food iggmificant indicator of food safety
and quality that can be assessed estimating speminditions of food production
process.

3. Seasonality, site specific, botanical factors, iotpaf agricultural practice, food
processing specifics — conditions that affect mienod macroelement composition and
concentration in food.

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

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

Scientific novelty

= Further improvements of analytical methodologiedanfd and environmental
sample analysis, supporting advancement of prospedh food quality
monitoring principles, with the prospective implemtetion of quality assurance
procedures.

= Development of interdisciplinary approach for tiedstigation of natural and
anthropogenic factor impacts on food composition.

= Comparative evaluation of the accumulation proces$elements in foodstuffs
derived in different conditions, e.g., biologicalrming versus conventional
farming etc.

= Development of micro- and macroelement analysisgéiprint concept) as a
tool for tracking food origin, identity and quality
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Practical importance

The first comprehensive quantitative analysis ofcrod and macroelement
concentration in representative foodstuffs in Lat#hat reveals in general beneficial (in
respect to human nutrition) composition of element®od produced in Latvia, low impacts
of environmental pollution and good perspectivesdentify and label food produced in
Latvia as compliable to highest quality criterisetBrmined tendencies of element transfer in
food chain and provisional bioavailability assesstmeay be developed further in a favour of
sustainable agriculture and gardenig&gtimation of food nutritional value regarding naicr
and macroelements, local dietary specifics, footetgaand provisional consumer risk
assessment in Latvia can be used for further aisatygublic health and for comparison of
food composition on a worldwide scale.

Approbation

The results of the doctoral thesis are publishedlZrscientific articles. The results of
the research work have been presented in 15 repoitgernational conferences and in
10 reports at local conferences in Latvia.

Related to the research field the author of theishieas supervised 4 bachelor research
works and has advised the preparation of 3 mastses.
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1. Literature review
1.1. Characteristics and transfer of micro- and mawelements in food

Along with basic elements (C, H, N and O) that farmto 97 % of the matter of living
systems, chemical elements are subdivided intopgrafi macroelements and microelements
depending on their average concentration in organgnd taking into account required daily
provision. Macroelements are Ca, Cl, K, Mg, NaSPand Si, each of them accounts about
0.03-1.4 % of human body weight. Microelement comi@ion in human body is variable —
from less than 0.1 mg/kg to more than 100 mg/kgcrbilement group involves such
elements as Ag, Al, As, Au, B, Ba, Br, Cd, Co, Cs, Cu, F, Fe, I, Mn, Mo, Ni, Pb, Rb, Sc,
Se, Sn, Sr, V, Zn, but the list may vary due to elemental traits of the lifestyle, diet and
habitation environment of an individual. The reguiient for microelements generally do not
exceed 100 mg/day, while macroelements are requirech 100 to >1000 mg/day
(Abrahams, 2002; Aras and Ataman, 2006; Fraga, R#bm all known chemical elements
about 50 elements can be found in living organismduding plants, animals and humans,
but only for 23 elements the physiological relevafar humans has been revealed (Combs,
2005; Fraga, 2005). According to A. Kabata-Pendiad A.B. Mukherjee (2007), elements
that are found in detectable levels in human body be listed as follows: a) essential
elements — As, B, Br, Cl, Co, Cr, Cu, F, Fe, I,Mn, Mo, P, S, Se, Si, V and Zn; b) possibly
essential elements — Al, Ba, Ge, Ni, Rb, Sn, SrBna) non-essential elements — Ag, Au,
Cs, Hf, In, Ir, Sb, Ta, Te, U, Y, Zr and rare eagtbments; d) non-essential and highly toxic
elements — Be, Bi, Cd, Hg, Pb and TI. In the grotipuspected essentials G.F. Combs (2005)
involves such elements as Ni, Pb, As, B, V, Si. Beev, the classification of elements is
conditional and may vary due to the subjective asde results and up-to-date scientific
findings.

Food is the most important source that suppliesamibody with nutrients including
macro- and microelements. It is important to aspessible routes of element transfer from
environment, soil, water and air, into the foodinh@ecause not only essential elements can
be transferred but also food contamination by taxipotentially toxic elements may appear.
Nowadays industrial food production has been deeslarapidly and is steady restricted by
laws and regulations that set down limitations é@mposition of food. However, food
products derived from plant or animal origin andduced by small farms or individual
households still are exposed to the influence gforeal environmental impacts and these
regional impacts are not widely explored.

Element circulation in ecosystems is a process owittcease in-between the main
constituents of biosphere soil, water and air, tegg®n is the primary recipient of elements
from environment. Element transfer into the foodinhcontinues from plants to herbivorous
animals and then to carnivorous animals, resuitinipod of plant origin and food of animal
origin (Figure 1.1.).
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Figure 1.1.Schematic overview of element transfer from envinent to human nutrition
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If compared with animal origin, plants can be assdsas the major components of
ecosystem involved in element transfer into foo@ do their capacity to take up, store,
bioconcentrate and synthesize or resynthesize congso containing certain elements
available in soil and water. As soil is the maiwviesnmental provider of elements, the issue
of element transfer into food and mineral nutritcam be assessed as well to geological issues
(Bowman et al., 2003; Combs, 2005).

Element transfer from environment to food chain ataospheric deposition generally
occurs to a lesser extent and is dependent onzb®fparticulate matter, as well as chemical
composition of particles is important. As smallartcles are, as easier they can be absorbed
by plants and inhaled by animals and humans bringitbsequent effects on nutrition and
human health (Allen et al., 2001).

Food contamination risk is important issue thaha$ widely studied in Latvia. Such
natural factors as regional characteristics of el#sin soil, geochemical anomalies can
affect the element content and concentration inioredly derived food. But applied
agricultural practice, environmental pollution cdre associated with the influence of
anthropogenic factors on element transfer fromrenwent to food. The relevance of these
factors is within the scope of the thesis.

1.2. Bioavailability of elements in food chain

Bioavailability is the amount of a nutrient thatpstentially available for absorption
from a matrix (e.g., from soil for crops or fromofd for humans) and when absorbed,
utilizable for metabolic processes in the organigelch and Graham, 2005). The
investigation of element bioavailability is comglted interdisciplinary issue dependent on
chemical, environmental, nutritional, physiologieald epidemiological impacts.

Element bioavailability in food chain segmesdil-plant is tightly associated with the
solubility of chemical compounds. Elements candien up by plants if they are present in
the soil as soluble ions in the forms of organiécnmrganic complexes. In addition, not only
concentration of ions but also type and chemicakatter of complexes formed, as well as
soil properties such as organic matter contentpdh@re important in case of plant ability to
accumulate potentially toxic elements (Gardea-TBuley et al., 2005; Inaba and Takenaka,
2005; Peralta-Videa et al., 2009).

Element bioavailability in upper segments of fodohio food-humanis especially
important concerning essential elements, as weglbgantial pollutants and it is dependent not
only on chemical properties of compound but alsec@mposition of nutrition and individual
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health conditions. Total element content does reteal element bioavailability but
provisional assessment can be based on calculatadadability extent (usually expressed in
%) based on widely done in vivo and in vitro stsdiATSDR, s.a.), that can be applicable for
the estimation of food nutritional value and foadesy, if total element quantitative content is
available.

1.3. Recent studies of micro- and macroelement aryals in Latvia

The assessment of recent research studies of dleroenentration investigation in
Latvia was based on the information available & mhain international scientific databases
Scopus Science DirectSpringer Linkand ISI Web of Knowledgéor the time period 2000-
2013.

Element content in environmental and biological gk® has been studied by
G. Cekstere with colleagues who analysed chemical ceitipp of Riga street greenery,
particularly, leaves of lime trees and environmeitgacts on element conterfdkstere,
2011; Cekstere and Osvalde, 2013; Cekstere andld@sv2010a; Cekstere and Osvalde,
2010b; Cekstere et al., 2008). Air pollution andne¢nt content interactions in mosses in
Latvia have been studied under the guidance ofepsoir O. Nikodemus and G. Tabors
(Nikodemus et al., 2004; Tabors et al., 2004). Bimrscientist R. Salminen with colleagues
(2011) also investigated element distribution mestrial mosses and organic soil layer in the
Eastern Baltic Region. Soil element content has beeestigated in details by A. Gilucis
(2007) that is described in his doctoral thesig, rhatal deposition in forest soils of Latvia
and the influencing environmental factors has bstemied by other scientists of Latvia
(Brumelis et al., 2002; Kasparinskis and Nikoden2d,2).

Another group of research widely studied involves &nalysis of inland surface waters
with the aim to detect element and nutrient confaidahan et al., 2006; Klavins et al., 2001,
Klavins et al., 2000Kokorite et al., 2010; Stalnacke et al., 2003) alenent content of lake
sediment investigation (Klavins et al., 2011; Klssand Vircavs, 2001). But latest studies are
tended to bog investigation (Klavins et al., 2008kavins et al., 2003; Silamikele et al.,
2011). Prof. M. KavinS with colleagues (2009a) has investigated heavglmentent in fish
from lakes in Latvia.

Analytical approach of the analysis of elementsXbsay fluorescence techniques has
been investigated under the supervision of profeas®iksna (Viksna et al., 2004; Viksna et
al.,, 2001), while P. Sudmalis (2013) in his dodtaitzesis was dealing with problems
connected with possibilities to detect persisterganic pollutants in environment and
biological samples.

Trace metal analysis in water samples from GulR@a and Daugava River estuary
have been done (Pohl et al., 2006; Poikane e2@D5; Yurkovskis, 2004; Yurkovskis and
Poikane, 2008). The studies on metal pollutionnwi®nment also have been done in Latvia
(Kulikova et al., 2003; Muller-Karulis et al., 2003

Only few studies in Latvia are related to food cosipon investigations. The
information can be found about the studies of patrcomposition of American cranberries in
Latvia (Osvalde and Karlsons, 2010) and potatoesriiMce et al., 2011). F. Dins (2006)
in his doctoral thesis investigated compositiorhohey, including analysis of some element
concentration.

Some studies revealing food consumption specifidsaitvia have been done (Melece,
2009; Melece et al., 2008; Pomerleau et al., 20@baerleau et al., 2001b). However, in
these studies only economical aspects were takenaccount in the description of food
consumption habits in Latvia. The studies of niatnit regarding health issues and
interconnection with environmental impacts havenbaéene (Luse et al., 2000; Muceniece et
al., 2007; Richardson et al., 2013), but these smecific investigations in the field of
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environmental and occupational medicine where lbiggas such as human blood and hair
were analyzed.

Research in the field of agriculture in Latvia ceming food quality improvement are
represented by some studies done by I. Alsina witheagues who have investigated
selenium impact on yield quality of lettuce (Alsieial., 2012; Zegnere and Alsina, 2008).

However, survey of recent studies in Latvia of gsial of micro- and macroelements
revealed that there is lack of information abow éimalysis of the content and concentration
of elements in food consumed and produced in LafMmeerefore, the importance of current
research is highly valuable within the interdisgipty fields of environmental science,
chemistry, food science and health sciences.

2. Materials and methods

2.1. Food sampling, sample preparation and pretreatent

2.1.1. Collection of food samples

Locally available food samples were collected awer territory of Latvia in the time
period 2009-2013. Food for sampling was selectetbiémnvs (methodology after Aras and
Ataman, 2006; Ekholm et al., 2007): (I) vegetabtedpicts — unprocessed (apples, carrots,
onions, potatoes) and processed (cereal mealsandl anixtures for porridge preparation);
(I animal products — unprocessed (bee produats s13 honey, pollen and bee bread; hen
eggs) and processed (cottage cheese); (lll) besgraginprocessed (apple juice, birch sap)
and processed (apple wine). Selection of food sesnllected for analyses was based on the
length of element transfer from the environmerthfood, as well as possible impact factors
such as seasonality, agricultural praxis or prongssere taking into account. In total more
than 500 food samples were analysed within thearebe

Collected food samples of plant origin:

= Root vegetables — onioddlium cepa(ns'=98), carrotsDaucus carotgns=81),
potatoesSolanum tuberosuifms=55) and potato peeh{=6) (Figures 2.1., 2.2.,
2.3.);

» Leafy vegetables — leafy lettu¢@actuca sativa(collected over the territory of
Latvia (h<=7) and grown in contaminated sai$£3) (Figure 2.4.);

» Fruits — appledlalus domesticéns=21) and apple peeh{=3) (Figure 2.4.);

= Cereal meals (cereal meals and cereal mixturgsoioidge preparation) — cereal
mixtures such as 3-grain flakes for porridge prafian (=10), rice products
(n<=10), wheat productsni=12) and buckwheat productss€11).

At the sampling the origin of samples was identifi&ampling was carried out by
selecting 3-5 pieces of fresh vegetables or fruitithin every single sample subsequently
making mixed samples. Except for porridge cerealschv were initially collected in
commercial packaging, vegetables of every samples weashed, peeled, crushed with
ceramic knife Kiocera) and dried in drying overfLabasscd at temperature 80-105 °C,
depending on moisture content in samples. Afteindrgvery sample was triturated until the
consistence of powder. Until analyses samples stered in closed disposable plastic bags in
dry and dark place in room temperature (Aras arainain, 2006).

! Here and furthens — number of samples
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! Here and further on schematic maps numbers irelib@tnumber of a sample
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Collected food samples of animal origin:

»= Bee products (Figure 2.5.) — honey=80), pollen (i<=5) and bee bread{&b);

= Cottage cheesen&27) of different origin (from individual dairy farmand
large-scale dairy producers) collected over sumrard winter seasons
(Figure 2.6.);

= Hen eggs{=33) of different origin (from organic farms, domesfarms and
large-scale poultry farms), and samples=24) for seasonality impact
assessment from an domestic farm with known poudieeding conditions (at
Aizkraukle, Latvia) (Figure 2.7.).

Samples of animal origin such as bee products werned in closed polypropylene
vessels in dark, dry and cool place. Cottage cheasaples were dried in drying oven
(Labassco) at 60 °C and stored in hermeticallyedadisposable bags in freezing camera at -
20 °C. Sampled eggs were washed, carefully sephgtenaking yolk, aloumen and mixed
samples, and stored in hermetically closed disgedadys in freezing camera at -20 °C (Aras
and Ataman, 2006).
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Figure 2.5.0rigin of bee products: pollen and bee breadgpil, honey, including samples
from organic farms (b)
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Samples of beverages (Figure 2.8.) such as apple §u=9), birch sap 1=10) and
apple wine is=5) were kept in closed polypropylene tubes in refragor (+4 °C) and were
analysed immediately after delivering to the laboma
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Figure 2.8.0rigin of beverage samples: apple juice (s), baap (b) and apple wine (v)
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2.1.2. Pretreatment of food samples prior quantivat analysis

Pretreatment of food samples prior quantitativdyamainvolved wet mineralization. In
overall, the pretreatment procedure can be destilsefollows: precise weight of a sample
was dissolved in concentrated analytically pure HN& % wi/v,Scharlay Pentaor MercK
adding concentrated analytically pureQd (30 % wi/v, MercK). After hold overnight the
process was accelerated by heating of solutioreslwating blockRiosar) or in a microwave
digestion systemMilestong until full sample mineralization. Sample solutowere poured
into polypropylene tubes and diluted with deioniseter (<0.1uS/cm, 18 Md/cm,
Millipore) up to a certain volume. Some samples, e.g., bgest egg samples and honey
samples were analysed also without pretreatmenthwts technically acceptable if total
reflection X-ray fluorescence spectrometry is usddr element quantification
(Klockenkamper, 1997).

2.1.3. Methods of quantitative analysis

For detection of quantitative concentration of miciand macroelements in food
samples such quantitative methods were used: TXR#tat reflection X-ray fluorescence
spectrometry (Rontec PicoTAXRontec GmblH AAS — atomic absorption spectrometry
(AANALYST 200, Perkin EImey and ICP-MS - inductively coupled plasma mass
spectrometry (ELAN DRC-ePerkin EImej. The most appropriate method was chosen
depending on specifics of a sample and spectraetaficthble elements. Samples of certified
reference materials such &S-CR-2 Carrot root powdeMNCS ZC73017 Apple powder
IAEA-336 Lichen BCR-063R Skim milk powdand PT Red wine Chiliarwere used for
verification of applied analytical methods. Pretneent of reference samples was done in the
same manner as it was described for food sampliee(atization with concentrated HND

Data describing accuracy and recovery of appliedytical techniques after analysis of
NCS ZC73017 Apple powdare summarized in Table 2.1.

Table 2.1 Accuracy and recovery of applied analytical methfiXRF, AAS and ICP-MS)
detected by the analysis of certified referencepaMCS ZC73017 Apple powder

Certified value  Concentratioh(%s; n,=5) detected by corresponding analytical

Element of concentration technigue, mg/kg (Recovery, %)
(xs), mg/kg TXRF AAS ICP-MS
Ca 490410 31649 (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+0.03711
Cu 2.50+0.20 2.41+0.15 (96) 2.35+0.24 (94) 2.468Qq48)
Fe 16.0+2.0 14.0+0.5 (88) 9.1+0.6 (57) -
K 7700+400 5806+173 (75) 757849 (98) -
Mg 390460 - 32242 (83) -
Mn 2.70+0.20 2.54+0.43 (94) 2.60+0.25 (96) 2.65¥0(98)
Na 1160+90 - 1173+44 (101) -
Ni 0.14+0.05 <0.25 () <0.40 (-) 0.11+0.02 (79)
P 660140 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) - 4.96+0.10 (99)
Sr 6.90+0.50 7.26+0.37 (105) - 7.04+0.05 (102)
Zn 2.10+0.40 2.04+0.12 (98) 2.08+0.05 (99) 1.9780®4)

! Here and furthex — means— standard deviatiom,— number of measurements
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2.2. Experimental setup of element transfer study

2.2.1. Preparation of soil samples

In spring of 2011 five soil samples were collecied.atvia, the southwest of Vidzeme
Upland (Vecpiebalga region, Taurene rural munidpal vicinity of Lode manor),
considering their representativeness for soils atvia (KarklinS u.c., 2009; Kasparinskis,
2011; Nikodemus, 2011). Soil samples were colle¢teth upper layer (H or Ap horizon,
depth 0-20 cm). The type of soil samples was ifiedtias follows: S1 — fen peat soil; S2 —
sod-podzolic soil / sandy loam; S3 — sod-podzadit ssand; S4 — sod-podzolic soil / loamy
sand; S5 — sod-podzolic soil / sandy clay loam (FA@D6; KarklinS u.c., 2009; Nikodemus,
2011; Noteikumi 804, 2005). Soil texture and ottieairacteristic properties such asypsiun
pHkci, Soil organic matter expressed as content of hgumistances, cation base saturation,
total element content were defined in laboratorpgistandard methodology (FAO, 2006;
Pansu and Gautheyrou, 2006).

To model the transfer of metals from soil to plastsd for the bioavailability
assessment soil contamination was applied treabiiggubsamples with corresponding metal
salt solutions:

a) Soil monocontamination using copper sulphatdgbsmrate CuSgx5H,0 solution
at five target Cu concentrations (40, 70, 100, 438 200 mg/kg);

b) Soil multielement contamination using such skdubalts of metals as cadmium
acetate dihydrate Cd(GBOO)x2H,0, copper sulphate pentahydrate CyS8b,0, lead (II)
nitrate Pb(NQ), and zinc sulphate heptahydrate Zn®H,0 at certain target concentrations
of elements (6 mg/kg Cd, 130 mg/kg Cu, 750 mg/k@rd 300 mg/kg Zn).

Soil contamination procedure was applied as desdriln literature, i.e., calculated
amount of certain contaminant was diluted in waied sprayed over the soil piles followed
by complete soil homogenization (mechanical mixiglexander et al., 2006; Inaba and
Takenaka, 2005). In addition, the half of eachiparbf contaminated soils and also control
soil samples were saturated with the solution ahicusubstances (3 g/kg; ombrotrophic bog
peat: C 54,35%, H 2,36 %, N 1,26 %, Mw 4500 -0@Qdal). Two weeks after
contamination repeated mechanical homogenizatios d@ne. Then contaminated and
control soil samples were poured into pots and dise@éxperimental cultivation of selected
food crop species: radigtaphanus sativuls. ‘Saxa 2’, leafy lettucéactuca sativa.. ‘Grand
Rapids’ and dillAnethum graveolenk. ‘Mammut’. The study was done during the summer
season of 2011 in the central part of Latvia, fielal area at Aizkraukle, Latvia.

2.2.2. Element speciation analysis

Speciation analysis of studied soil samples wafopraed to detect bioavailability of
elements in food chain segmesuil-plant Speciation analysis was done by fractioning by
extracting 5 fractions of compounds: 1) fractionwadter soluble metal forms; 2) fraction of
acid soluble forms of metals; 3) fraction of reddiderms of metals; 4) fraction of organic
bound forms of metals; 5) fraction of insolublenfi@r of metals, mostly bound with sulphides
(Arthur et al., 2007; Malandrino et al., 2011; Ties®t al., 1979). Consequent extraction step
by step was performed as shown in Figure 2.9.

1 { 1
Step 1 Step 2 Step 3 Step 4 Step 5
Extraction Extraction Extraction Oxidation with Extraction with
with H,O with 0.11 M with 0.5 M

conc. H,0, and conc. HCl and
CH,COOH NH,OHxHCI extraction with conc. HNO;
CH,COONH,

v v v v v

Fraction 1 Fraction 2 Fraction 3 4 Fraction 4 - Fraction 5
Water Acid soluble Reduced QOrganic Residues (e.g.,

soluble compounds. forms of compounds sulphide

\compounds \_ compounds ¥ compounds)

Figure 2.9.Schematic overview of fractioning analysis
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To assess the element bioavailability in food clsggment soil-human fractioning was
done by extracting 3 fractions of compounds: 19tic of water soluble metal forms;
2) fraction of acid soluble forms of metals; 3)dtian of reduced forms of metals (Arthur et
al., 2007; Malandrino et al., 2011; Tessier etlf879).

Sample solutions of every fraction were analysedjuantify element concentration
with atomic absorption spectrometry and inductivadypled plasma mass spectrometry.

3. Results and discussion

3.1. Impact of conditions influencing element conegration in analysed food
samples

3.1.1. Impact of seasonality on element concentatin food

Impact of seasonality was assessed taking intouataetected element concentration
in cottage cheese samples and hen egg samples.

Cottage cheeseSamples of cottage cheese were collected over $easons,
spring/summer and autumn/winter. Concentration atnoelements, especially Ca and K,
was detected higher in samples from winter seaB@uie 3.1.) that can be associated with
seasonal distinctions in dairy cattle breeding aoors and feeding.
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Figure 3.1.Average concentration of elements in cottage chéepending on season

Higher concentration of microelements (e.g., Cr,, /@, Zn) can also be referred to
samples collected in winter season. However, solmaments such as Fe, Ni and Pb are
detectable in higher concentration in samples feummer season. That can be associated
with influence of environmental factors such adaine particle deposition on grassland near
roads or railway, e.g., particles containing Pb Bihdan become contaminants of food chain.
Seasonality of dairy cattle breeding differs esglcidue to different feeding regime — feed
used in winter is more enriched with vitamins, raicand macroelements but in summer
cattle can be fed on grassland and is likely exgpdsepossible environmental pollution
impact.

Hen eggsHen egg samples for seasonality assessment wigeted each month from
April, 2011 to March, 2012 in a courtyard farm azkaukle (Latvia) with known poultry
breeding conditions: in spring and summer seasads lwere kept in free-range conditions
outdoors with possibility to find feed and as aiddial feed grass, vegetables and grains were
fed; in autumn and winter season birds were kepad ishelter and fed with ready-to-use
combined poultry feed and grains. Whole egg, eglf ymd egg albumen samples were
analysed. In overall, it was detected that higlugrcentration of microelements (e.g., Cu, Fe,
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Zn) is detectable in egg samples collected in sumonespring season (Figure 3.2.). The
exception is Se which can be found in higher cotreéon in samples collected in winter. In
addition, in egg yolk Se was quantified only in gd&s from winter season that can be
associated with impact of seasonality as soilsat¥ia contain very low Se content (Zegnere
and Alsina, 2008). This can explain lowered Se eatration in egg samples from summer
and spring season when birds are fed outdoors@milime soil, mesobiota and plants.
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samples

Similarly as found for cottage cheese sample ailsegg samples higher concentration
of macroelements can be attributed to the sampés/edl in winter season which is
connected with poultry breeding and feeding sedstis@inctions.

3.1.2. Impact of botanical origin on element condeation in food

It was possible to assess the impact of botaniigihcon element concentration in food
after the analysis if honey samples. Honey sampim® divided in 7 groups according to
their botanical origin: 1) polyfloral not definedtey (=33); 2) heather and forest blossom
honey (s=16); 3) rape and spring blossom honey=6); 4) buckwheat and clover species
honey (s=9); b5)linden honey n=6); 6) meadows blossom honeyn«8) and
7) commercially manufactured honey mixtures witknown botanical originrs=3).

To detect also the impact of pollution attentiorsyaid in detection of potentially toxic
elements. The analysis of honey samples collected.aitvia revealed that in overall
potentially toxicelements can be quantified in the following seqeeda >Al >Cu >Ni >Cr
>Pb >Co >Cd >As (based on mean resuits80). The overall list of metals detected leads to
think of possible contamination at storage and processsn@.g., Al, Cu, Ni and Zn are the
ordinaryconstituents of metallic household and kitclegiipment (Joudisius ir Simoneliene,
2009).

Taking into account the botanical origin dbney collected in Latvia significant
differences inconcentration of potentially toxic metals wedetected among the species.
According to mean values of quantified potentiadiyic metals possible honey contamination
by honey type can be ranged as follows (from highdower element content): commercially
manufactured honey mixtures with unknown botanicagin >heather / forest blossom honey
>polyfloral honey >meadows blossom honey >lindendyo>buckwheat / clover honey >rape
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/ spring blossom honey. Detected concentrationoofies microelements is figured out in
Figure 3.3.
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Impact of botanical origin on element concentratican be connected with
environmental factors. For example, such elemestsAs and Pb are found in higher
concentration in linden blossom honey that knowtingt linden trees are common part of
urban greenery and therefore can be exposed taroamtion by dust and airborne particles
from roads, railroad and exhaust fumes from trarispad industry. But rape or buckwheat
blossoms and, respectively, element content in yyoren be affected by applied agriculture
practice, use of agrochemicals and fertilizers. By, higher detected concentration of
microelements in honey mixtures of unknown origam de associated with inappropriate use
of equipment (e.g., containing metal alloys) fonéy preparation.

3.1.3. Impact of agricultural practice on concentian of elements in food

The impact of agricultural practice on concentmatad elements in food was assessed
analysing data of root vegetables, cottage chaaséen eggs.

Root vegetablesKnowing origin and applied agricultural practice gnowth of root
vegetable samples onions and carrots, it was gessib detect differences in element
concentration for vegetables grown under the differagricultural conditions. Statistical
analysis of the data by using Fisher’s criteria apgropriate t-tests allowed comparison of
vegetable samples grown in different agriculturahditions, i.e.,divided by subgroups of
samples grown in farmlands verssamples grown in allotment gardens. Regarding the
analysis of onion bulbs, significant differencestween the mentioned subgroups were
detected for several microelements. Sr, Ni, Cdaig® Co were the elements the amounts of
which were significantly higher in onions grownfarmlands, while Rb was the only single
element which was detected in higher amounts inorengrown in allotment gardens. But the
analysis of subgroups of carrots revealed a swafi difference only for the three
microelements: carrot samples grown in allotmendegas were significantly richer in Zn, Mn
and Rb. These coherences purport the fact thatldads are more likely influenced by
possible contamination sources, mainly such aschgmical impact that can result in
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increased amounts of potentially toxic metals igetables, but the microelement analysis of
vegetables grown in rural allotment gardens mayakwossible influence of geochemical
background.

Farmlands can be affected by agricultural actisiseich as the use of fertilizers and
pesticides much more intensively than allotmentdgas, while private allotment gardens
most frequently are small and located close tadhesides and urban areas, as well as can be
situated within cities and towns near industriatiteries or on recultivated contaminated
lands that can negatively influence air, soil anatew conditions in gardens. Within the
current research elevated concentration of potgntiaxic elements was not detected for
samples derived in allotment gardens; that is aastmtwith sample collection in rural areas
where risk of contamination is likely to be less.

Hen eggs.Data of hen egg analysis revealed differences gnetement concentration
in samples derived from organic farms, domestisméaand large-scale poultry farms. For
example, in egg samples from organic farms higbecentration of Cu, Fe, Mn, Pb and Zn
(Figure 3.4). But Pb was not detected in any offdasderived from poultry farms.
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Figure 3.4.Concentration of Fe, Zn, Cu, Mn, Pb and Se detdotbén egg samples from
different poultry housing types

In all cases the highest mean values of elements wetermined for egg samples
derived from organic farms, while element conteinéggs from domestic farms and poultry
farms was lower and relatively similar. As it isdwn that organic farming is strictly
controlled and use of chemicals is restricted witihis agricultural practice (EC Regulation
889, 2008), the results detected in the presemtystould not be associated with possible
avian feed pollution of agricultural or veterinarigemicals, but might be connected with the
impact of environmental factors on element contginegg samples, likely in relation to
potential environmental contaminants (e.g., Cu,Z?D,
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3.2. Assessment of element bioavailability

3.2.1. Characteristics of soil samples

To assess element bioavailability the experimenh welected food crops was done
using five different soil samples: S1 — fen pealt 82 — sod-podzolic soil / sandy loam; S3 —
sod-podzolic soil / sand; S4 — sod-podzolic sédlaimy sand; S5 — sod-podzolic soil / sandy
clay loam (FAO, 2006; &rklins u.c., 2009; Nikodemus, 2011; Noteikumi 804, 2005)

Higher pH was detected for soil S1 (pd 5.31 / phkc 5.06), but the lowest for S5
(PHH20 4.61 / pHc 5.11). Content of organic matter varied from 2.98%.2 % in mineral
soil samples (S2-S5), but the lowest was deteatedein peat soil (S1) — 29.3 %. Cation
exchange capacity (CEC) or cation base satura@®&8$] in great extent is dependent on soil
pH. CBS in mineralsoils (S2-S5) detected 3.13-8mol/kg but in fen peat soil (S1) —
142.29 cmol/kg. Cd content was 70.9 % of CBS for sod-podzolic saslahdy clay loam
(S5), but for fen peat soil (S1) 87.5 % of CBSjindicates that selected soil samples are of
high fertility and are applicable for crop growiigodges, s.a.). Total element content before
soil contamination is summarized in Table 3.1.

Table 3.1 Concentration of elements in studied soil sampies pontamination

Element Soil sample
S1 S2 S3 S4 S5
Element concentratiox{s; n,=3), g/kg
Ca 24.88+0.24 0.98+0.03 0.60+0.03 1.18+0.09 1.03B20.
Fe 20.60+0.22 10.94+0.62 3.50+0.24 5.25+0.17 1034
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 2.3610.1
Element concentratiox{s; n,=3), mg/kg
Cd 0.45+0.05 0.10£0.01 0.11+0.10 0.17+0.08 0.0820.0
Co 3.49+0.75 4.45+0.15 1.58+0.03 2.60+0.20 6.74%0.6
Cr 15.79+0.89 15.32+0.11 5.10+0.14 6.46+0.23 19146
Cu 13.96+2.27 6.77+0.25 2.32+0.21 10.3040.56 8.2320
Na 66.1+13.2 61.0+34.6 38.3+18.7 57.0+15.6 56.9%15.
Ni 10.424+2.16 8.20+0.39 2.81+0.27 4.0740.35 10.6840
Mn 241.7+16.6 194.1+7.0 117.8+10.7 395.7+26.1 463106
Pb 14.66+3.16 6.29+1.35 3.22+1.70 5.86+1.49 8.720.
Zn 28.67+6.39 27.57+2.61 16.46+0.55 60.50+2.97 @H3B4

Sod-podzolic soil / sandy clay loam (S5) contaihegher concentration of Cr, Ni and
Pb compared with other soil samples that can beceged with element adsorption on clay
particles as this sample is richer with clay. Shgant correlation 10.8) was detected for
such element pairs: Zn with Ca, Co, Cr, Fe, K,Mij, K with Cu, Pb; Ca with Co, Mn.

After soil contamination with CuS®5H,0 solution in different target concentration
(40, 70, 100, 130 un 200 mg/kg) or with Cd, Cu, &1 Zn salt solution mixture the
hyperaccumulation of some elements was observepecedly in fen peat soil (S1)
(Table 3.2.).

Table 3.2Element concentration in soil samples after comation with Cd, Cu, Pb and Zm
salt mixture

Target Actual concentration of element in soil sampis( n,=3), mg/kg
Element concentration of
e|ement’ mg/kg S1 S2 S3 S4 S5
Cd 6 1742 5+1 5+1 6+1 6+1
Cu 130 425435 147+1 14848 150+4 1656
Pb 750 2232+199 737149 761+48 751+10 865+29
Zn 300 88073 29653 345+23 35949 349+11
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Obtained data indicates tight association betwedncentamination level and organic
matter content, as well the importance of soiluext

3.2.2. Accumulation of elements in experimentallyogvn vegetables

In contaminated soil samples such food crops afy lledtuce Lactuca sativa dill
Anethum graveolersnd radisiRaphanus sativusere grown. To detect the element transfer
and accumulation intensity from soil to plants tfensfer factor (TF) was calculated. Higher
TH values (>10) were gained for Zn transfer in maheaoils (S1-S4) to lettuce, while lower
TF is attributed to soil with higher content of angc matter, e.g., fen peat soil (S1). Addition
of humic substances diminishes element transfen 8oil to plants as well (Table 3.3).

Table 3.3.Transfer factors (TF) for lettuce and radish sa®girown in soils contaminated
with salt mixture containing Cd, Cu, Pb and Zn

Food TF in corresponding soil sample without (S) or wih) addition of
Element ' 20 humic substances

P 751 s2  s3 S4 S5 s1 S2, S3  S4 Sh
og |letuce 011 184 152 106 063 009 041 053 50350
Radish - } - - ] 006 043 031 018 0.35
oy |lettuce 002 049 155 082 004 002 011 007 70008
Radish - ; - i ] 002 018 033 016 0.06
o,  Leftuce 0005 028 064 059 003 0003 009 007.020 004
Radish - ; - i - 0005 009 016 004 0.09
. lettuce 048 1047 1195 1143 151 038 129 19067 121

Radish - - - - - 0.28 3.48 3.31 221 212

Among elements the lowest TF were calculated fad.lén overall higher TF values can
be attributed to element transfer from soil to pleoots than to foliage. Data revealed that
multielement contamination in soil increases thensity of element accumulation in plants,
e.g., interaction among Cu, Cd, Pb and Zn can sifiercopper accumulation in lettuce for
31.4 %, if compared with monocontamination. Additiof humic substances can diminish
element accumulation for 90 % in leafy vegetabkeg.( lettuce) and for about 25 % in root
vegetables (e.g., radish).

3.2.3. Element bioavailability in food chain segnteisoil-plant”

Element bioavailability assessment was done aftersample fractioning analysis. In
overall it was detected that differences in elenwamtcentration among the fractions can be
comparable for fen peat soil (S1) and mineral sainples (S2-S5). Higher amount of
elements is bound in the fraction of reduced foohsompounds in soils S1 and S4, 41 %
and 35 %, respectively, soil samples richer in oigaatter (Figure 3.5.).
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Greater part of elements incorporated in sulphm®@mounds refers to soil S3 (39 %).
Element incorporation in the fraction of water ssicompounds forms the smallest part (7-
12 %). It indicates that only small amount of eletsefrom total element content in soil is
bioavailable for plants, but greater part of eletaes incorporated in fractions of compounds
with low bioavailability. By quantifying 13 elemen{As, Cd, Ce, Co, Cs, Cu, La, Ni, Pb, Rb,
Sr, V and Zn) in each of fractions the comparisbalement bioavailability depending on soil
type was done.

3.2.4. Element bioavailability in food chain segntéiplant-human” after the case study
with lettuce

Element bioavailability assessment in food chaignsent plant-human is complicated
issue affected by various factors — environmerdiagémical, biochemical and individual for
organism. Therefore only provisional assessmergdasn revealed data and extrapolations is
discussed here. Taking into account the importanfeelement solubility on the
bioavailability, the fractioning analysis of leteicsamples in three fractions were done:
1) fraction of water soluble compounds; 2) fractairacid soluble compounds; 3) fraction of
reduced forms of compounds. In each fraction 1rhelds were quantified (As, Ba, Cd, Ce,
Co, Cu, La, Mn, Ni, Pb, Rb, Se, Sr and Zn). In allat was detected that elements in great
extent are bound in fraction of water soluble coomus (47 %) and in fraction of reduced
forms of compounds (37 %), while in acid solublenpmunds element incorporation was the
lowest (15 %). These findings are quite differeminf those detected at soil fractioning.
Distribution of individual elements reveals thaivkr bioavailability can be attributed to As,
Cd and Sr as their incorporation fraction of wassluble compounds is the lowest
(Figure 3.6.).
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In fraction of water soluble compounds more arenoo(>50 %) such elements as Co,

Pb, Rb and Se, that is in favour for essérglements but may also better

bioavailability of potentially toxic elements whican result in consumer contamination risk.

Cu, Ni,

Taking into account these findings in provisionkneent transfer intensity it can be

estimated that for largest part of elements tranten soil into food plants is fairly low.

theoretical estimation of food chain contaminatissk by elements of concern based on

However, by increase of element concentration alsib element concentration in grown
matrix (i.e., soil) properties.

crops can increase inducing possible risk for comsu Current findings allow rapid
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Conclusions

Obtained results revealed recognizable influencgegtral factors (impact of seasonal,
site-specific, botanical factors, applied agrictdtu practice, processing) on the
concentration of elements in analysed food samipléspattern of element transfer is
not uniformed and depends on composition of fodfistw foodstuff group in
association with environmental conditions withie formation or production process of
foodstulff.

Assessment of natural environmental conditions swash seasonality revealed
differences in element concentration for analyseddf samples of animal origin
indicating tight linkage with the agricultural ptee applied in production of food.
Indirectly this impact can be associated also wifluence of environmental pollution.
Assessment of anthropogenic impact factors suchapdied agricultural practice
revealed distinctions in the element (e.g., Cd, &, Ni, Se) composition among the
species of vegetables grown under different agtcall conditions that is linked to
various tendencies and intensity in use of agroatedmand fertilizers; however, it is
strongly dependent on the crop species.

It is important to emphasize detected differencestwben organically and
conventionally derived foodstuffs that indicate thmpact of element composition from
environment as well as of natural origin such ascgemical background and of
anthropogenic origin as environmental pollutionn@itions of organic food production
should be explored for the recognition of possibipact of environmental conditions
that can affect food composition.

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

Geographical impact on concentration of elementsfdaad cannot be assessed
unambiguously as detected distribution of elemeats,, in honey samples, revealed
some geographical differences, but strong cormalatiith characteristic environmental
conditions was not identified. The impact of sipeaific factors taking into account the
environmental specifics of Latvia could be assessethore relevant, however, further
more specific studies should be implemented.

Experiment of element transfer and bioavailabidgsessment in food chain segment
soil-plant ascertained that the uptake and accumulation aélsm@nd metalloids by
food crops is significantly affected by soil orgamnatter content among the other soil
properties. Soil texture can be assessed as anmtipartant factor that can affect
element transfer from soil to plants as well as dékective ability of plant species to
accumulate some chemical elements can be acceiltesl. properties of organic
substances to bind heavy metals in stable complexede developed as a prospective
trend for practical use of application of humic staimces on metal contaminated soils,
e.g., in agricultural lands.

Assessment of element bioavailability data in fobdin revealed that only a small part
of elements can be available up the food chain fsoihto upper segmenswoil-plant-
human However, cumulative accumulation can occur ifredat concentration is the
environment is high. It can lead to subsequent fiskhumans as consumers on the
highest segment of food chain. Detected tendencikselement bioavailability
dependent on soil composition can be useful taotigk analysis.

Influence of both natural and anthropogenic envitental conditions may cause food
contamination with potentially toxic elements thatthe issue of high importance
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regarding consumers’ safety. Therefore, regionahitodng of food composition is
preferable, especially regarding domestic productio overall, quantitative analysis of
food samples revealed the significance of food aete within the context of
environmental science, chemistry and health scermed this investigation has to be
developed in the future in larger scale.
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