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An integrated approach to the investigation of potentially toxic elements and magnetic 

particles in the soil−plant−air system: bioavailability and biomonitoring 

 

Abstract 

 

Monitoring of potentially toxic elements (PTEs) and magnetic particles in 

agricultural soil represents the first measure of caution regarding food safety while an 

investigation of element mobility and bioavailability should be a step forward in 

understanding the element transportation chain. In this doctoral dissertation, six 

experiments were performed in the different grapevine growing areas in Serbia 

(experimental, commercial and organic vineyards) to investigate the element mobility 

and bioavailability in soil−plant−air system, accompanied by an assessment of the 

environmental implications and human health risk, while the plant (leaves) and moss 

materials were tested as potential biomonitors of air pollutants in the vineyard ambients. 

Various single extraction procedures (deionised H2O for 2 h and 16 h, CaCl2, BaCl2, 

NH4NO3, NaNO3, Na2EDTA, CH3COOH) and pseudo-total digestion were applied to 

determine the element mobility and bioavailability from the soil. The PTE 

concentrations were measured in the soil, plant and moss samples by inductively 

coupled plasma-optical emission spectrometry (ICP-OES), inductively coupled plasma-

mass spectrometry (ICP-MS) and wavelength dispersive X-ray fluorescence 

spectroscopy (WD-XRF) techniques. Magnetic susceptibility (χ) was measured using 

magnetic susceptibility-meter, while saturation isothermal remanent magnetisation 

(SIRM) of magnetised samples was measured by the magnetometer. 

Experiment 1 was conducted in the experimental vineyard during harvest. The 

bioavailability of PTEs (macro and trace elements) from soil to different grapevine parts 

was assessed. The non-conventional single extraction procedure using deionised H2O 

during 16 h showed itself as a suitable procedure for assessing the bioavailability of 

trace elements. According to the environmental implication assessment, the most 

polluted vineyard parcel was recognised. The leaves of some grapevine varieties 

showed the ability to accumulate some PTEs from the soil (Riesling rain, Riesling 

italian, Cabernet sauvignon and Cabernet franc accumulated Zn and Riesling rain, 



Burgundy and Riesling italian accumulated Cu). In addition, the skin of variety Prokupac 

markedly accumulated Ni from the soil.  

Experiments 2, 3 and 4 were conducted in the commercial vineyard. In 

Experiment 2, bioavailability of each measured PTE was examined in the soil–

grapevine system, accompanied by an assessment of the environmental implications and 

human health risk (assessed for field workers and grape and wine consumers). 

Contamination Factor (CF) implied moderate soil pollution (1<CF<3). The most 

suitable extractants for assessing element bioavailability were: CaCl2, NH4NO3 and 

Na2EDTA, while deionised H2O could be appropriate, as well. The most bioavailable 

element in the soil–grapevine system was Ba. Observing biological accumulation 

concentration (BAC), the grape seeds and leaves mostly accumulated Cu and Zn from 

the soil, respectively. Influence of air deposition on the air-exposed grapevine parts, 

leaves and grape skin, was assessed by Ratio Factor (RF>1). Nevertheless, low adverse 

health risk effects (HI<1; R≤1×10
-6

) were estimated for workers and consumers.  

In experiment 3 soil and leaves were collected through the entire grapevine 

season in order to observe temporal variability of the PTE influence in the vineyard 

ambient. Notable environmental implications of As, B, Cd, Co, Cr, Cu, Mn, Ni and Sr 

to the soil were estimated. The most bioavailable PTEs from the soil to leaves were: 

Mn, Ni and Sr, followed by Cr and Cu, while Cd and Co were strongly bonded in the 

soil. Higher BAC of Al, Cd, Cu, Fe, Ni and V (in leaf set phase) and B, Cu and Zn 

(flowering phase) in the leaves were observed. These elements probably originated from 

the agrochemical applications. In veraison phase, As, Co, Cr, Mn, Pb and Sb were 

mostly accumulated in the leaves, and these elements could be associated with the 

anthropogenic sources, while Ba, Ca, Mg and Sr were mostly accumulated in the leaves 

collected in the harvest phase probably because of decreasing grapevine agrochemical 

treatments.  

In experiment 4 the moss (Sphagnum girgensohnii and Hypnum cupressiforme) 

bags were exposed along parcels to investigate the air pollution by PTEs in the vineyard 

ambient and the appropriate period for the PTEs enrichment in two moss species was 

tested. The PTEs were significantly enriched in the moss bags after 2-month exposure 

and enrichment were gradually increasing up to six months. The 6-month moss 

exposure period could be recommended for comparative studies among different 



vineyards because it could reflect the air pollution during the entire grapevine season. 

Both moss species reflected the spatio-temporal changes of PTE concentrations. Finally, 

the PTE concentrations in moss bags suggested that vineyard could represent a 

dominant diffuse pollution source of As, Cr, Cu, Ni, Fe and V. The significant 

correlations between the PTE concentrations in the grapevine leaves and in the moss 

bags imply that the leaves (Cabernet sauvignon and Sauvignon blanc) could also 

indicate Co, Cr and Ni air pollution in the vineyard.  

In Experiment 5 conducted the organic vineyard, the environmental implications 

showed that soil was not contaminated and the grapes grown in the organic vineyard 

(Panonia and Regent) were safe for the consumption. The concentrations of PTEs in the 

organic grapevines were lower than in the studied varieties in previous experiments. 

However, the airborne Al, Cr, Cu, Ni and Pb deposition have an influence on the leaf 

and grape skin (RF>1). In addition, the moss bag biomonitors showed lower PTE 

accumulations in the organic than in the commercial vineyard.  

In Experiment 6, both measured magnetic parameters (SIRM and χ) indicated 

pollution in the soil, but more suitable parameter for assessing the magnetic particles on 

the leaves was SIRM. 

The results of this doctoral dissertation contribute to better understanding of the 

PTE behaviour in the soil−plant−air system and to more representative selection of 

single extraction procedure for PTE bioavailability assessment in the vineyard ambient. 

In addition, it enhances the methodology aspects of moss bag technique application, 

regarding exposure time, in the agricultural area, conducted for the first time in the 

vineyard area. Environmental risk assessments pointed out the most polluted locations 

in the vineyards and showed the final product (grape and wine) as safe for consumption. 

The cost-effective and user-friendly techniques (WD-XRF, magnetic measurements − 

SIRM, susceptibility) could be recommended as appropriate for detecting the pollution 

hot spot in the vineyards. 

 

 

Keywords: vineyard, soil, grapevine parts, moss bag biomonitoring, potentially toxic 

elements, magnetic particles, mobility, bioavailability, environmental implication 

indices, health risk assessment. 
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Интегрисани приступ истраживању потенцијално токсичних елемената и 

магнетних честица у систему земљиште‒биљка‒ваздух: 

биодоступност и биомониторинг 

Резиме 

Праћење садржаја потенцијално токсичних елемената (ПТЕ) и магнетних 

честица у пољопривредном земљишту представља прву меру у постизању 

безбедности хране, док је истраживање мобилности и биодоступности елемената  

веома значајно у разумевању њиховог транспорта и дистрибуције. У оквиру 

израде ове докторске дисертације спроведено је шест експеримената у 

виноградима узгајаним на различитим принципима (огледно добро, комерцијални 

и органски виноград) како би се испитала мобилност и биодоступност елемената у 

систему земљиште−биљка−ваздух. За испитивање мобилности и биодоступности 

елемената из земљишта примењене су различите тзв. екстракције у једном кораку 

(дејонизована H2O током 2 h и 16 h, CaCl2, BaCl2, NH4NO3, NaNO3, Na2EDTA, 

CH3COOH) и псеудо-укупна дигестија узорака. Биљни материјал винограда 

(листови) и маховине су тестирани као потенцијални биомонитори загађујућих 

супстанци у ваздуху у винограду. Такође, процењени су ризик за животну 

средину и здравље људи. Концентрације ПТЕ у узорцима земљишта, деловима 

винове лозе и маховинама су измерене техникама индуковано спрегнуте плазме са 

оптичком емисионом спектрометријом (ICP-OES), индуковано спрегнуте плазме 

са масеном спектрометријом и таласно-дисперзивном рендгенско 

флуоресцентном спектроскопијом (WD-XRF). Магнетна осетљивот (magnetic 

susceptibility − χ) и заостала магнетизација (saturation isothermal remanent 

magnetisation − SIRM) узорака земљишта и листова су измерене специфичним 

магнетометрима. 

Експеримент 1 је спроведен у огледном добру током бербе грожђа. 

Процењена је биодоступност ПТЕ (макроелемената и елемената у траговима) из 

земљишта до различитих делове винове лозе. Неконвенционална екстракција у 

једном кораку коришћењем дејонизоване H2O током 16 h се показала као погодна 

процедура за процену биодоступности елемената у траговима из земљишта. 

Применом различитих индекса за процену ризика за животну средину, 

идентификована је најзагађенија парцела у винограду. Листови сорти Рајнски 



ризлинг, Италијански ризлинг, Каберне совињон и Каберне фран су показали 

способност да акумулирају Zn, а Рајнски ризлинг, Бургундац и Италијански 

ризлинг Cu из земљишта. Кожица грожђа сорте Прокупац је значајно акумулирала 

Ni из земљишта. 

Експерименти 2, 3 и 4 су спроведени у комерцијалном винограду. У 

Експерименту 2 је испитивана биодоступност ПТЕ у систему земљиште−винова 

лоза, уз процену ризика за животну средину и здравље људи (за раднике у 

винограду и конзументе грожђа и вина). Фактор загађења (Contamination Factor, 

CF) показује да је земљиште у винограду умерено загађено (1<CF<3). Као 

најпогодније екстракционе процедуре за процену биодоступности показале су се 

екстракције са CaCl2, NH4NO3 и Na2EDTA, али се и дејонизована H2O показала као 

погодно средство. Баријум се показао као највише биодоступан елемент у систему 

земљиште−винова лоза. Према биолошкој акумулационој концентрацији 

(Biological Accumulation Concentration, BAC), семе је највише акумулирало Cu док 

је лист винове лозе највише акумулирао Zn. Утицај атмосферске депозиције на 

спољашње делове винове лозе (лист и кожицу грожђа) је процењен на основу 

фактора односа (Ratio Factor, RF) (RF>1). Процењен је низак ризик по здравље 

радника и конзумената (HI<1; R≤1×10
-6

).  

У Експерименту 3 узорци земљишта и листова сакупљени су током читаве 

виноградарске сезоне са циљем да се испитају временске варијације утицаја ПТЕ 

у амбијенту винограда. Примећене су веће BAC вредности за Al, Cd, Cu, Fe, Ni и V 

у периоду развоја листа и B, Cu и Zn у периоду цветања винове лозе. Присуство 

ових елементи је вероватно последица учестале примене пестицида у споменутим 

фазама развоја винове лозе. У фази шарка, елементи су који су карактеристични 

за антропогене изворе загађења: As, Co, Cr, Mn, Pb и Sb су се највише 

акумулирали у листовима, а Ba, Ca, Mg и Sr су се највише акумулирали у 

листовима током периода бербе грожђа што указује на смањење третмана винове 

лозе агрохемикалијама.  

У експерименту 4, маховине Sphagnum girgensohnii и Hypnum 

cupressiforme, су у врећицама изложене у парцелама ради испитивања загађења 

ваздуха ПТЕ у винограду. Истовремено је и тестиран одговарајући период 

акумулације ПТЕ у две врсте изложених маховина. ПТЕ су се значајно  



акумулирали у маховинама након 2 месеца излагања, али се акумулација 

постепено повећавала са продужавањем периода излагања маховина са 2, преко 4 

до 6 месеци. Период од 6 месеци излагања може се препоручити за упоредне 

студије између различитих винограда јер одражава загађење ваздуха током целе 

виноградарске сезоне. Обе врсте маховина одражавале су просторно-временске 

промене концентрација. На крају, концентрације ПТЕ у маховинама указују да 

виноград може представљати доминантни дифузни извор загађења As, Cr, Cu, Ni, 

Fe и V. Статистички значајне корелације између концентрација Co, Cr и Ni у 

листовима винове лозе и у маховинама указују да листови  сорти Каберне 

совињон и Совињон блан могу такође индиковати загађење вадуха у винограду. 

Експеримент 5 је спроведен у органском винограду. Индекси за процену 

ризика за животну средину су показали да земљиште није контаминирано и да је 

грожђе које се узгаја у органском винограду (Панонија и Регент) безбедно за 

конзумирање. Концентрације ПТЕ у органски узгајаној виновој лози су биле ниже 

од концентрација у испитиваним сортама у претходним експериментима. 

Међутим, Al, Cr, Cu, Ni и Pb се такође могу суспендовати из ваздуха на лист и 

кожицу грожђа (RF>1). Поред тога, маховине у врећицама као биомонитори су 

акумулирале ниже концентрације ПТЕ у органском него у комерцијалном 

винограду.  

У Експерименту 6, оба измерена магнетна параметра (SIRM и χ) су 

индиковала загађење земљишта у винограду, док се за индикацију загађења 

листова магнетним честицама као погодинији може истаћи SIRM. 

Резултати ове докторске дисертације доприносе бољем разумевању 

понашања елемента у систему земљиште−биљка−ваздух и доприносе 

репрезентативнијем избору екстракција у једном кораку за процену 

биодоступности ПТЕ у виноградима. Поред тога, добијени резултати унапређују 

постојећу методологију примене технике маховина у врећицама у 

пољопривредној средини, у погледу дужине периода излагања. Процене ризика по 

животну средину и здравље људи указују на потенцијално загађење испитиваних 

локација и на то да ли је крајњи производ (грожђе и вино) безбедан за употребу. 

Једноставније и економичније технике (WD-XRF, магнетна мерења) могу бити 



препоручене као прикладне за индикативно проналажење интензивнијег загађења 

у виноградима. 
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1 Introduction 

The agricultural practice represents one of the significant environmental 

pollution sources beside industry and traffic activities (WHO, 2018), but also different 

anthropogenic sources of pollution have the influence on the agricultural soil, plant 

growth, field worker health and finally grape consumer health. The increasing release of 

agrochemicals into the environment has led to growing public concern over the potential 

higher accumulation of pollutants including potentially toxic elements−PTEs; rare earth 

elements−REEs and particles with magnetic properties−magnetic PM in agricultural soil 

and consequently in the plants. Viticulture represents an important agricultural practice 

in many countries and long-term use of diverse inorganic (metal-based) and organic 

pesticides and fertilisers poses serious environmental threats (Komárek et al., 2010). 

Since the agrochemicals’ utilisation is growing worldwide (US EPA, 2012), exposure to 

this group of emerging pollutants, has also raised questions about their detrimental 

health effects (Pagano et al., 2015). Nowadays, organic viticulture production becomes 

more and more popular because of a lack of detrimental effects on the environment and 

human health in comparison to conventional production (Häring et al., 2001). Organic 

grapevine and wine production are now present in almost all of Europe, following the 

years the regulations in this field were changing and improving, and finally, the valid 

rules (by Standing Committee on Organic Farming−SCOF) was approved 2012 

(European Commission, 2012). In Serbia, the Law on organic production is involved in 

the national regulations (Official Gazette of Republic Serbia, 2010). 

In the vineyard soils, a serious impact on the soil pollution could be caused by 

the pollutants coming from the fertilisers and pesticides (Kabata‒Pendias and 

Mukherjee, 2007), but also from some other surrounding or remote sources such as 

industrial activities or traffic. Monitoring of pollutant concentrations in agricultural soil 

represents the first measure of caution regarding food safety, while the research of the 

pollutant mobility and bioavailability in the soil−plant−air system should be a step 

forward in understanding the element uptake and translocation in the plant and it could 

substantially improve the regulatory control of the agricultural production of fruits and 

vegetables. The elements in soil may adversely affect human health through the 

inhalation of dust, ingestion of soil or by dermal contact (Morel, 1997; Sylvain et al., 

2016). Moreover, the increased concentration of PTEs in soils can cause a potential risk 
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to human health because of their subsequent involvement in the food chain by plant 

uptake (Radha et al., 1997; Islam et al., 2015; Niesiobędzka, 2016). Аccording to the 

available literature, more than one single extraction procedures were applied only in a 

few studies for assessing the mobility or bioavailability of PTEs in the soil-plant system 

specifically in the vineyards that furthermore could be useful to assess environmental or 

health risk assessment (Rao et al., 2010; Vystavna et al., 2014; Vázquez Vázquez et al., 

2016), which is one of the experimental aims presented herein. The studied extraction 

procedures (deionised H2O, weak salt solutions: CaCl2, BaCl2, NH4NO3 and NaNO3, 

complexing agent Na2EDTA and weak acid CH3COOH) are a simple-performing and 

cost-effective way to assess the labile element fractions in soils (Beckett, 1989; Gupta, 

1996; Paterson et al., 1996; Ure, 1996; Meers et al., 2007; Rao et al., 2008; Poggio et 

al., 2009; Santos et al., 2010). 

The monitoring of the air pollution in agricultural areas is often being neglected. 

Air pollution is not only a local, but it is also a regional and global issue since air 

pollutants released from one source may be transported in the atmosphere, contributing 

to or resulting in poor air quality elsewhere (EEA, 2016). The regulatory monitoring of 

air pollution by devices usually requires electricity supply, permanent maintenance of 

the equipment and their installations in the agricultural areas would be quite expensive. 

The plant material naturally present or growth in the agricultural areas can be used as a 

passive biomonitor. Hence, moss biomonitoring represents a complementary cost-

effective approach to the regulatory air pollution measurements. Specifically, the active 

moss biomonitoring of trace elements could be performed in agricultural regions, which 

has been rarely reported thus far (Capozzi et al., 2016a; 2016b). The recommended 

variables regarding the application of the method in urban and industrial areas ‒ 

preparation of the moss and transplants, exposure and post-exposure treatment (Ares et 

al., 2012) should be further tested for the agricultural ambient. 

This doctoral dissertation represents an extension to the candidate’s master work 

entitled “Poređenje različitih tipova ekstrakcionih sredstava za izolovanje elemenata 

koji su lakodostupni biljkama” (in Serbian). The main aims of this doctoral dissertation 

were to move forward into the investigation of the PTE mobility and bioavailability in 

the soil−plant−air system in the vineyard ambients. The doctoral dissertation is 
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organised as a review of the published scientific manuscripts and some additional 

unpublished material. The main aims were to: 

 assess which of the single extraction procedures are the most suitable for assessing 

the PTE mobility and bioavailability contributing to the better understanding of the 

PTE behaviour in the soil−plant−air system; 

 compare the application of various ecological implication indices for assessing the 

pollution influences in different vineyard ambients (experimental, commercial and 

organic vineyards), to assess seasonal environmental influences and origin and 

behaviour in the soil−plant−air system; 

 assess air pollution in agricultural (vineyards) ambient applying the moss bag 

biomonitoring technique, and make a new insight into the methodology of moss bag 

biomonitoring in the vineyard ambient; 

 test the grapevine leaves as potential air/ambient pollution biomonitors; 

 assess which of the studied vineyards is less exposed to pollution?  

  test non-destructive and user-friendly techniques (WD-XRF and magnetic 

measurements) for the assessment of PTEs and magnetic PM pollution in vineyard 

ambient; 

 assess the health risk for workers in the fields and grapevine (and wine) consumers. 
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2 Theoretical background 

2.1 Agricultural areas and environmental pollution  

One of the most serious problems facing humanity and other living organisms 

on Earth is environmental pollution. It is defined as “the contamination of the Earth’s 

components to such an extent that normal environmental processes are adversely 

affected” (Muralikrishna and Manickam, 2017). Rapid urbanisation, industrialisation 

and commercialisation of the undeveloped areas seriously affect the environmental 

quality. Environmental pollution poses a global problem with diverse and substantial 

public health implications. Pollutants can be naturally occurring substances in the 

environment, but present in excess of natural levels they can cause serious 

environmental pollution. Any natural resources exploitation more than those which can 

be restored itself results in the pollution of air, water or soil (Muralikrishna and 

Manickam, 2017). The agricultural areas are recognised as one of the most significant 

environmental pollution sources together with industry and traffic (WHO, 2018), but on 

the other hand, the other anthropogenic pollution sources could affect the agricultural 

areas, soil, cultivated plants, workers’ health and further the food chain and consumers’ 

health. According to the Food and Agriculture Organisation of the United Nations (UN 

FAO), agricultural land covers 38.4% of the world land area (FAOSTAT, 2018). 

Specifically, pastures cover 68.4% (26.3% of global land area), arable land (row crops) 

covers 28.4% (10.9% of global land area), and crops (e.g. vineyards and orchards) cover 

3.1% (1.2% of global land area) of total agricultural land. 

Agricultural areas distinguish from the non-cultivated areas by the excessive and 

frequent application of agrochemicals for improving crop growth. Agrochemicals 

significantly contribute to elevating pollutants’ concentrations in the agricultural 

environment (soil, plants and air) which further threatening human health through the 

food chain. Contamination by PM, PTEs and REEs together with erosion and other 

geogenic processes, have a negative influence on the soil quality and poses high 

environmental and health risk threats. The grapevine growing areas represent 

intensively treated agricultural areas by the agrochemicals. Viticulture is one of the 

most important agricultural practices in many countries worldwide and the frequent 

application of the agrochemicals leads to increasing different pollutant concentrations in 

soils–plant–air system in the vineyards (Flores-Vélez et al., 1996; Ribolzi et al., 2002; 
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Hildebrandt et al., 2008; Komárek et al. 2010). However, the intensive and frequent 

agrochemicals application in vineyards is of public concern, because of the presence of 

agrochemical residues in grapes, wine and groundwater and their influence to the 

workers and consumers health (Jacobson et al., 2005; Komárek et al. 2010). 

The grapevine growing is increasing in the Republic of Serbia what is important 

it contributes to the affirmation of rural areas and the promotion of the wine producing 

areas (Figure 2.1). 

 

 

Figure 2.1 Lend surface of Republic of Serbia covered by the vineyards among the vineyard regions and 

subregions (adopted and modify from Ivanišević et al., 2015). 

 

In Serbia, grape production per year is 145 829 t (FAOSTAT, 2018). In the 

territory of Serbia, there are three vineyard regions (Central Serbia region, a region of 
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Vojvodina and region of Kosovo and Metohija). In these three regions, there are 22 

subregions and 77 vineyards. In this doctoral dissertation, three different vineyards were 

investigated (two conventionally growth – experimental and commercial and one 

organically growth). These vineyards are located in the Central Serbia region, where the 

vineyards cover 17 118 ha of the land surface (Figure 2.1). The experimental and the 

organic vineyards are located in the Belgrade subregion and the commercial one is 

located in the Šumadija subregion (Figure 2.1) (Ivanišević et al., 2015). 

 

2.1.1 Particulate matter 

Particulate matter (PM) is the term which is used for a multi-phase mixture of 

solid particles and liquid droplets from the air. World Health Organization (WHO) 

promotes PM as the most serious and harmful than any other air pollutants (WHO, 

2016). Various epidemiological studies have shown significant correlations between 

airborne PM pollution and respiratory and cardiovascular diseases and also lung cancer 

and ultimately death (Marcazzan et al., 2001; Pope et al., 2002; Knutsen et al., 2004; 

Knox, 2006). PM can be emitted from vehicles, power plant smokestacks, construction 

sites, unpaved roads, fields, different industries, or as the products of complex reactions 

of directly emitted chemicals. The major PM constituents are sulphate, nitrate, 

ammonium, chloride, elemental carbon, organic carbon, crustal materials (soil dust and 

wind-blown particles) and biological materials (pollens, spores and plant pieces), PTEs, 

RREs (Harrison and Yin, 2000) and PM can also contain the magnetic minerals such as 

Fe-oxides. These coarse PM mostly originates from crustal materials (soil and dust) or 

originating from the sea salts or biological materials (Nel, 2005; Pope and Deckery, 

2006), while fine PM mainly originates from the combustion of the fossil fuels. The 

proportion of components varies considerably based on the sampling location; e.g. 

crustal materials and more common in dryer climates (Harrison and Yin, 2000). 

Pollutants, such as metals, organic compounds and reactive gases, can be absorbed to 

and transferred by PM (Kampa and Castanas, 2008). Metals, such as Cd, Cr, Co, Cu, Fe, 

Hg, Ni, V and Zn are important for particle toxicity and can be toxic at very low 

concentrations (Schwarze et al., 2006). 

Particles exist in many different shapes and sizes (Figure 2.2) and they can be 

constituted of many different organic and inorganic chemicals (pollutants). One of the 
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first pollutants regulated by the European Union (EU) legislation were PM10 and 

PM2.5 (particles of 10 and 2.5 µm in diameter, respectively) and some associated toxic 

elements (As, Cr, Hg, Ni and Pb) (Kuklinska et al., 2015), prescribed in 1979, by the 

Convention on Long-range Transboundary Air Pollution (CLRTAP). The PM with 

diameter <10 µm (PM10) can deeply penetrate into the lungs causing serious respiratory 

and cardiovascular illness depending on the PM-associated pollutants (Kelly and 

Fussell, 2012). 

 

 

Figure 2.2 Distribution of numbers and masses versus size of airborne particles; from vehicular traffic 

particles origin is marked (condensates, soot and brake-wear) from road abrasion, agricultural and natural 

sources the mineral dust are marked (adopted and modify from Biard and Cann, 2012). 

 

2.1.1.1 Magnetic particulate matters  

Magnetic minerals are present primarily in the soil parent material, i.e. PM with 

magnetic properties from the air can be deposed, weathered, transported or subjected to 

chemical and thermal transformations (Thompson and Oldfield, 1986; Verosub and 

Roberts, 1995; Evans and Heller, 2003). Thus, they are present in the environment with 

different associations which are based on their source and formation (Maher et al., 

2008). Magnetic minerals can be transported between the different Earth spheres like 

other air pollutants (Urbat et al., 2004). Different anthropogenic but also natural sources 

produce PM, which have specific magnetic properties. Anthropogenically originated 

PM (e.g. from fly-ashes, industrial smelters, coal-burning activities) are enriched by the 

toxic elements (Petrovský and Ellwood, 1999). The elements are usually incorporated 
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into crystal lattices or can be absorbed on magnetic mineral surfaces, especially iron-

oxides (Petrovský et al., 2000; Mishra and Tripathi, 2008; Salo, 2017). Thus, measuring 

the magnetic parameters of deposited atmospheric particles can serve as an alternative 

parameter in assessing the pollution in different environmental ambients. Thus, the 

determination of magnetic parameters is based on the assumption that atmospheric PM 

contain significant ferro(i)magnetic iron oxides and sulfides enriched with PTEs. As it 

was confirmed by e.g. Hunt et al. (1984), Petrovský et al. (2013) and Muxworthy et al. 

(2003) who have found significant correlations between PTE concentrations in 

atmospheric PM and their ferro(i)magnetic fraction. In PM, the PTE concentrations 

mostly depend on polluting source and the distance of the pollution source (Hofman et 

al., 2017). 

 

2.1.1.1.1 Magnetic parameters as a proxy of magnetic PM 

The presence of magnetic domains in materials with ferromagnetic and 

ferrimagnetic properties, in the alternating magnetic field, cause magnetisation. The 

magnetic response of a material to magnetic field sweeping − H is defined by magnetic 

hysteresis (magnetisation−M) (Figure 2.3). The hysteresis loop can be interpreted as a 

magnetic mineralogical signature, where the loop height shows a function of the type of 

magnetic minerals, concentration, and the width of loop shows the magnetic “hardness” 

of the sample so-called coercivity−HC, influenced by mineralogy and grain size of the 

material. Due to the defined properties (Figure 2.3): saturation magnetisation−MS, 

saturation remanent magnetisation−MRS, coercivity−HC, and the remanence 

coercivity−HCR, the loop shape of hysteresis usually reduces. When the sample is 

exposed to a large saturating manetisation−MS, magnetisation remaining after removal 

of the saturating field is MRS (H=0), the negative field which is necessary for sample 

magnetisation reduce to zero is HC (Figure 2.3), and the negative field which is 

necessary for reducing the remanent magnetisation to zero is HCR (HCR>HC). MRS 

can also be named as saturation isothermal remanent magnetisation (SIRM). MS 

represents a measure of magnetic concentration, while SIRM represents a proxy also for 

the concentration, but it also depends on the mineralogy and grain size (Hofman et al., 

2017; Salo, 2017). Independents of the concentration are HC and HCR which are 

controlled by mineralogy and grain size (Hofman et al, 2017). A remanence obtained by 
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exposure to the magnetic field at room temperature represents the remanent 

magnetisation (IRM). This may appear in the environment (e.g. in strike lightning) but 

often this is related to the experimental procedures performed in the laboratory when the 

investigated sample is exposed to the known magnetic field. If the magnetic field used 

to provide IRM enough to achieve saturation, the magnetisation is called isothermal 

remanence (SIRM) (Figure 2.3). However, the term SIRM is often applied to show the 

remanence obtained by the investigated sample after exposure to the highest available 

magnetic field (usually 1 T) (Michael and Friedrich, 2003). 

The gradient of the response of the magnetisation (M) to the magnetic field (H), 

which is determined by hysteresis curve slope, and it is named volume magnetic 

susceptibility (χ, dimensionless). It can be determined for high frequency (χHF) or low 

frequency (χLF) fields (Figure 2.3) (Hofman et al, 2017). The χ value depends on the 

magnetic mineralogy, concentration (Salo, 2017). 

 

 

Figure 2.3 Ferromagnetic material magnetic hysteresis (M-H) loop and magnetic properties most usually 

applied in the studies of magnetic measurements; The susceptibility (low and high field − shown by the 

M-H curve slope); initial magnetisation (dashed line in upper right quadrant on the graph) and the 

samples’ magnetic remanence at remanence coercivity (lower left quadrant) (adopted and modify from 

Hofman et al, 2017). 

 

2.1.2 Potentially toxic elements  

Observing the literature, in the various environmental studies the chemical 

elements are referred as different terms (major and minor elements, trace elements, 
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major and trace elements, toxic elements, heavy metals, etc.). Although none of the 

terms is entirely satisfactory from a chemical point of view and in the past “heavy 

metals” was the most popular term used in the literature and widely recognised for large 

element group, but neither all elements are metals or “heavy”. In addition, the term 

“toxic metals” is also not appropriate since elements become toxic to environment and 

living organisms only when they are present in excess levels. The elements present in 

excess in the environment (soil, plants, air etc.) could cause the environmental and 

health risk implications. For this reasons, in environmental studies, chemical elements 

are also often referred to as potentially toxic. Likewise, this term is more inclusive and 

appropriate than “toxic elements” or “heavy metals” (Hooda, 2010; Kabata-Pendias and 

Kabata, 2001). Hence, in this doctoral dissertation, they will be named as PTEs, except 

when specific differences are investigated between major and minor chemical elements 

in the studied samples (where PTEs were also named as major and trace elements, 

Experiment 1). 

The elements play an important role in each biogeochemical cycle. In various 

ecosystems, PTEs are enriched, while the source can be either natural (lithogenic or 

geogenic) or anthropogenic (caused by humans). Some natural processes in the 

environment such as mineral weathering (erosion and deposition of wind-blown 

particles), volcanic eruptions, soil erosion, forest fires or biogenic sources are releasing 

PTEs into the biosphere (Nogawa, 1981; Sakamoto et al., 2001; Tack, 2010). While 

PTEs originating from natural sources constitute a significant burden of PTEs in the 

environment, the contribution from anthropogenic sources can be several times higher 

than those from the natural sources (Nogawa, 1981; Tack, 2010), adversely influencing 

the environment and human health. Anthropogenic sources of PTEs are related to 

industrial activities (mining and smelting, discharge of wastewater and air deposition 

from industrial fumes) and agricultural activities (application of sewage sludge, 

fertilisers, pesticides and erosion). Undoubtedly, the anthropogenic activities represent 

the major source of PTE accumulation into the biosphere especially if the pollution 

sources are located near investigated ambient. Worldwide, there are concerns raised 

about the PTEs accumulation in agricultural soils because they can easily transfer from 

this environment to the agricultural products and further in the food chain and finally to 
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humans (Rinklebe et al., 2017). The major PTE anthropogenic sources influencing 

environmental pollution are: 

 air pollution and atmospheric deposition of the pollutants (wood, coal and gasoline 

combustion, metal mining, smelting, manufacturing, waste burning, production of 

fertilisers); 

 application of sewage sludge, manure and organic wastes or co-products from 

agriculture and food industry in the agricultural areas; 

 disposal of industrial co-products, waste, coal and wood ashes; 

 fertilisers, agrochemicals (pesticides) frequent application in agricultural areas (Tack, 

2010). 

According to Kabata-Pendias and Pendias (2001), the most potentially toxic 

elements to the biosphere may be Ag, Au, Cd, Cr, Hg, Mn, Pb, Sb, Sn, Te, W and Zn. 

However, this list is not totally in correspondence to the list of PTEs considered to have 

a high risk to the environment and human health: Be, Cd, Cr, Cu, Hg, Ni, Pb, Se, V and 

Zn (Kabata-Pendias and Pendias, 2001). According to International Agency for 

Research on Cancer (IARC), some of PTEs (As, Cr, Hg, Ni and Pb) are considered as 

carcinogenic substances type I, while the other PTEs, depending on the quantities in the 

environment, could have toxic or carcinogenic effects, even some rare earth elements 

(REEs) (Dołęgowska and Migaszewski, 2013). The most significant anthropogenic PTE 

sources represent traffic emissions (Ba, Cr, Cu, Fe, Mn, Pb and Zn), fossil fuel 

combustion (Cd, Cr, Mn, Ni, Pb, Sb and V), metals production (Cd, Cr, Cu and Zn), 

gasoline combustion (Pb) (Schauer et al., 1996; Pacyna and Pacyna, 2001; Bilos et al., 

2001; Ristić et al., 2013; Kabata‒Pendias and Mukherjee, 2007) and agricultural 

practice (pesticides: As, Br, Cu, V and Zn and fertilisers: B, Ba, Be, Bi, Ca, Cd, Cr, Cu, 

K, Mo, Mg, Ni, P, S, Sr, Zn and REEs) (Kabata‒Pendias and Mukherjee, 2007). 

In the agricultural soils, which is the main sink of the PTEs originating from 

both anthropogenic and geogenic sources, the most significant PTE sources in the 

agricultural areas are originating from the frequent application of agrochemicals 

(pesticides, manure, fertilisers) (Table 2.1) but also PTEs could originate from some 

surrounding or remote pollution sources (traffic, industry, combustion activities etc). 

The prolonged application of mineral fertilisers and pesticides–fungicides has resulted 

in the Cu, Zn, Cd, Pb and As accumulation in the agricultural soil where Ni, Cr, Co and 
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Fe concentrations are controlled by parent material influences (Komárek et al., 2010; 

Kelepertzis, 2014). The concentrations of Ni, Cd, Zn, Pb, As and Cr correlate with the P 

concentrations suggesting that the rock phosphate is the major source of these elements 

(Nziguheba and Smolders, 2008; Jiao et al., 2012). The research interests have also been 

induced by widespread application of fertiliser containing REEs, especially in China 

(Wen at al., 2001). 

 

Table 2.1 Table presenting the agricultural sources of PTEs contamination (mg kg-1) in soils (adopted 

from Kabata-Pendias and Pendias, 2001) 

 

 

Sewage 

sludges 

Phosphate 

fertilisers 
Limestones 

Nitrogen 

fertilisers 
Manure 

Pesticides 

(%) 

Aa 2−26 2−1200 0.1−24 2−120 3−25 22−60 

B 15−1000 5−115 10 6 0.3−0.6 
 

Ba 150−4000 200 120−250 
 

270 
 

Be 4−13 
 

1 
 

 
 

Br 20−165 3−5 
 

6−716 16−41 20−85 

Cd 2−1500 0.1−170 0.04−0.1 0.05−8.5 0.3−0.8 
 

Ce 20 20 12 
 

 
 

Co 2−260 1−12 0.4−3 5−12 0.3−24 
 

Cr 20−40600 66−245 10−15 3−19 5.2−55 12−50 
Cu 50−3300 1−300 2−125 1−15 2−60 18−45 

F 2−740 8500−38000 300 82−212 7 
 

Ge 1−10 
 

0.2 
 

19 0.8−42 

Hg 0.1−55 0.01−1.2 0.05 0.3−3 0.09−0.2 
 

Mn 60−3900 40−2000 40−1200 
 

30−550 
 

Mo 1−40 0.1−60 0.1−15 1−7 0.05−3 
 

Ni 16−5300 7−38 10−20 7−38 7.8−30 60 

Pb 50−3000 7−225 20−1250 2−1450 6.6−15 
 

Rb 4−95 5 3 2 0.06 
 

Sb / 
  

2−600  
 

Sc 0.5−7 7−36 1 
 

5 
 

Se 2−10 0.5−25 0.08−0.1 
 

2.4 
 

Sn 40−700 3−19 0.5−4 1.4−16 3.8 
 

Sr 40−360 25−500 610 100−5420 80 
 

Te / 20−23 
  

0.2 
 

U / 30−300 
  

 
 

V 20−400 2−1600 20 
 

 45 

Zn 700−49000 50−1450 10−450 1−42 15−250 1.3−25 

Zr 5−90 50 20 6−61 5.5 
 

 

2.1.2.1 Rare earth elements  

Rare earth elements (REEs) represent a group of 17 elements from the periodic 

table: 15 lanthanides 57La, 58Ce, 59Pr, 60Nd, 61Pm, 62Sm, 63Eu, 64Gd, 65Tb, 66Dy, 67Ho, 

68Er, 69Tm, 70Yb, 71Lu, together with 39Y and 21Sc. All of these elements have similar 

chemical properties (Loell et al., 2011; Tyler, 2004; Mihajlovic and Rinklebe, 2018). 

Those with lower atomic weight, from La to Sm, with atomic numbers from 57 to 62, 
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are referred to the light rare earth elements (LREE); while elements from Eu to Lu, with 

atomic numbers from 63 to 71, represent a group of heavy rare earth elements (HREE) 

(the grouping into LREE and HREE vary somewhat, and the term “mid-REE” can be 

found sometimes in the literature). Because of its chemical similarity to the alkaline 

earth and other rare earth elements Y, although with a lower atomic weight, is grouped 

with the HREE (Kabata‒Pendias and Mukherjee, 2007). Scandium’s chemical 

properties differed enough from the other REEs and sometimes it is excluded from the 

REE observations in the literature. Rare earth elements have similar physical and 

chemical properties. Generally, REEs exhibit lithophilic affinity and occur in the 

environment as trivalent ions. In the environment, Ce can also be present as tetravalent 

ion and Eu as a divalent ion (Kabata‒Pendias and Mukherjee, 2007). Contrary to their 

name “rare”, those elements are very often present in the Earth’s crust. Those elements 

exist in minerals e.g. carbonates, silicates, fluorides, and phosphates (Laveuf and Cornu, 

2009). 

Increased use in high-tech industry e.g. solid-state lasers, storage media for data 

handling, mobile phones, photovoltaic cells, catalysers in cars, lodestones and ceramics 

manufacturing, caused that REEs content in the environment is increasing (Humphries, 

2010). In last decades, in some countries, microelement fertiliser containing REEs are 

also being used in plant production (Hu et al., 2006; Pang et al., 2002; Tyler, 2004; 

Tyler and Olsson, 2005; Mihajlovic and Rinklebe, 2018). An increasing release of REEs 

may have negative impacts on the environment and further on humans. Nevertheless, 

the REEs mobilisation and their possible impacts on the environment are still not 

investigated well. Since now, these elements have been classified neither as essential 

nor as toxic (Tyler, 2004), thus in this thesis, they will be observed as PTEs. There are 

no observations of the significantly toxic effects of REEs to plants, but they have 

impairing effects on cell membranes of vascular plants and on the Ca metabolism in 

microorganisms. RREs occurring in oxide forms are apparently slightly available to 

both humans and animals. Other salts of REEs, however, might be easier absorbed by 

humans. Their danger is mainly from aerial dust inhalation by humans (Kabata‒Pendias 

and Mukherjee, 2007). 
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2.2 Potentially toxic elements in the soil−plant−air system 

Determination of the PTEs in agricultural soil is of the great importance because 

the increased values of these elements could cause environmental and health 

implications (soil pollution, inhibition of plant growth, a health risk for workers and 

consumers, etc.). Distribution of the elements in the soil and their bioavailability from 

soil to different parts of grapevine (further referred as bioavailability) depends on the 

reactions of elements in soils such as mineral precipitation and dissolution, ion-

exchange, adsorption and desorption, aqueous complexation, biological immobilisation 

and mobilisation, and plant uptake (Wuana and Okieimen, 2011). Also, in the 

agricultural areas, PTEs from the air can be deposed on the surface (soil or plant). The 

transport, residence time, and fate of the pollutants in a particular ecosystem have been 

of special environmental concern. The behaviour of trace elements in each ecosystem is 

very complex and therefore has usually been studied separately for air, water, soil and 

biota. The urgent environmental problem at the present time is closely associated with 

pollution in which PTEs play a significant role. 

2.2.1 Mobility and chemical reactions of the potentially toxic elements in the soil 

The effects of PTEs present in excess in soil depend on complex reactions 

between the PTE cations and other soil components in all soil phases (solid, liquid and 

gaseous). The mobile PTE fraction in soil behaves like cations and it is controlled by 

dynamic equilibrium between solid and liquid soil phases. However, in the soil, all 

possible reactions represent the complex systems of various chemical reactions. The fate 

of PTEs in soils depends on different soil processes: dissolution, sorption, 

complexation, migration, precipitation, occlusion, diffusion (into minerals), binding by 

organic substances, absorption and sorption by microbiota and volatilisation (Kabata 

Pendias and Pendias, 2001; Hooda, 2010). All these processes in soil are conditioned by 

some soil properties, such as soil pH and redox potential, which are the most important 

physico-chemical parameters influencing the fate of PTEs and their mobility and 

bioavailability in soil. Thus, the solubility of PTEs is often shown as a function of pH 

affected by the soil organic matter (OM) content. Also, other soil physico-chemical 

parameters, such as CEC, carbonates content, Fe and Mn hydrated oxides, clay minerals 

and granulometric fractions also have a significant influence on the behaviour of PTEs 
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in the soil. The frequent association of the PTEs with the acid deposition (mostly from 

SO2 and NOx which further transform into acid form) has an influence on overall 

ecological disturbance created by the chemical reactions in soils (Kabata Pendias and 

Pendias, 2001). 

A major total PTE content fraction is usually associated with the solid soil phase 

and PTEs can be superficially adsorbed or complexed with solid-phase components 

(clay minerals, Fe and Mn oxides or OM) and those PTEs are more or less exchangeable 

with the soil solution phase. Those PTEs which are structurally incorporated in the soil 

minerals not seem to be available. Physical, chemical and biological processes 

determine the speciation, redistribution, mobility and ultimately the bioavailability of 

PTEs in soils (Tack, 2010). The PTEs distribution between the various chemical species 

in soil solid or solution phase is defined as speciation (Templeton et al., 2000) and these 

species can be defined as (Brümmer, 1986; Tack, 2010): i) soil solution phase species 

including free ions, inorganic complexes, organic complexes, bound to suspended 

colloids (clay, OM, sesquioxides) as in the solid phase; ii) soil solid phase species 

including exchangeably bound to surfaces (sorption), complexed or occluded with OM, 

adsorbed or occluded in oxides and hydroxides of Fe, Mn and Al or carbonates, as 

precipitate or as structural components in minerals. 

In the soil, many PTEs exist only in one dominant oxidation state, but some (e.g. 

As and Cr) occurs in different oxidation states (e.g. As
3+

 or As
5+

 and Cr
3+ 

or Cr
6+

), 

which can interact with different soil compounds that react as oxidating or reducing 

agents in the chemical reactions of oxidation or reduction (Brümmer, 1986; Tack, 

2010). Many PTEs in soil solution exist in their most simple oxidation states (for 

example, Zn
2+

, Cu
2+

, Ni
2+

) surrounded by six H2O molecules in the octahedron. Some 

other elements (e.g. Mo) are present in the soil as oxyanions (for example MoO4
-
) 

(Barrow, 1999; Tack, 2010). The most toxic Cr form in the environment is Cr
6+

 which is 

present as CrO4
2-

 in the soil solution (Tack, 2010 and references therein). Aside, B 

exists as H3BO3 in soil solution (Goldberg et al., 2000), and Pb occurs in the soil as 

organometallic compounds (e.g. alkyl lead compounds) (Teeling and Cypionka, 1997; 

Tack, 2010). The complex compounds in the soil are constituted of one or more metal 

cations bound to ligands. The metal acts as a Lewis acid, which is capable for accepting 

an electron pair and form a bond, while the ligands (ion or neutral molecule) represents 
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the Lewis bases and they provide a free electron pair for building a chemical bond. The 

cations of metals usually have a tendency to build complexes interacting with chlorides, 

sulfates, nitrates etc. In the soil environment, most of the elements also tend to form 

hydroxo-complexes (e.g. ZnOH
–
) (Evans, 1989). Thus, the most significant ligand for 

building the complexing compounds in the soil system is OH
−
, but for example, the 

carbonate complexes are the most important for Cu
2+

 occurrence in the soil, while Cl
−
 

anion is significant for binding some divalent cations such as Cd
2+

. All these complexes 

are usually weak and labile, and they can influence the significantly PTE behaviour in 

the soil. Contrary, complexes of PTEs with organic substances are usually stable, 

including bounding with simple organic acids (e.g. CH3COOH), which are present in 

the soil solution or the soluble OM, which contains some high molecular weight 

compounds. Thus, the behaviour of many elements (e.g. Fe, Cu, Pb) in the soil are 

highly influenced by the soil OM (Tack, 2010 and references therein). 

The term “sorption” includes adsorption and absorption. Adsorption is the 

chemical process of solute adhesion to a solid surface, whereas absorption represents 

the process in which the solution diffuses into a porous solid and it is attached or 

dissolved to inner surfaces (Fetter, 1993). The sorption of ion may be conditioned by 

inner sphere-complexation, outer-sphere-complexation or diffuse ion swarm, and the 

specific selectivity of PTEs sorption is influenced by their properties such as ionic 

radius, polarity, hydrated radius, equivalent conductivity, hydration enthalpy and 

entropy, availability sorption sites, steric factors, affinity of the ions for formation the 

complex and their stability and various interactions (Bradl, 2004; Tack, 2010). 
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Figure 2.4 Schematic representation of major trends for increasing element mobility in soils (broadening 

blue arrows) as a function of redox potential and pH (adopted and modify from Tack, 2010). 

The most specific physico-chemical parameters influencing all chemical 

processes and further the elements behaviour in soil system are pH and redox potential 

(Eh). The influences of these parameters on the different elements in the soil solution 

are presented in Figure 2.4, where decreased pH-induced the increase of H
+
, Fe

3+
, Al

3+
 

activity in the soil solution. Thus, those elements tend to compete with PTEs for the 

sorption sites. When pH is lower than 6 in the soil solution, the PTEs mobility decreases 

following the order: Cd > Zn > Ni > Mn > Cu > Pb > Hg (Cottenie and Verloo, 1984; 

Tack, 2010). Under the pH˃7, the anions of As, Mo, Se and Cr are more mobile (Figure 

2.4). In addition, the presence of free CaCO3 can reduce the solubility of PTEs, because 

it increases pH value of soil (Tack, 2010 and references therein). According to the soil 

pH conditions, different PTEs mobility is summarised in Table 2.2 (Kabata-Pendias and 

Pendias, 2001). 
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Table 2.2 The element mobility described by the soil conditions (adopted from Kabata-Pendias and 

Pendias, 2001): 

Conditions Very mobile Mobile 
Somewhat mobile or 

scarcely mobile 

Oxidising and acid, pH<3 
Cd, Co, Cu, Ni, 

Zn 
Hg, Mn, Re, V All other PTEs 

Oxidising in the absence of abundant 

Fe-rich particles,  pH>5 
Cd, Zn 

Mo, Re, Se, Sr, 

Te, V 
All other PTEs 

Oxidising with abundant Fe-rich 

particulates, pH>5 
/ Cd, Zn All other PTEs 

Reducing in the absence of hydrogen 

sulfide, pH>5 
/ 

Cd, Cu, Fe, 

Mn, Pb, Sr, Zn 
All other PTEs 

Reducing with hydrogen sulfide,  

pH>5 
/ Mn, Sr All other PTEs 

 

2.2.2 Bioavailability, translocation and uptake of the PTEs in the soil-plant system 

Soil is defined as a product of the rock weathering formed by different physical, 

chemical and biochemical processes obtaining appropriate medium for growing plants. 

It is divided into layers so-called horisons. The horisons are forming by the weathering 

of parent rock, chemical processes, biological processes and the action of water 

including leaching from upper to lower horisons (Manahan, 2013). The following soil 

horisons are defined: O–organic soil layer, A–topsoil layer, B–subsoil layer and C–

bedrock (FAO, 1998). In this doctoral dissertation, the depth of each investigated 

horison is defined between the soil layers (Figure 2.5). For plant growth, the most 

important is A-topsoil horison. Plant roots spread through the topsoil taking water and 

essential elements because this layer is mostly influenced by biological activities. The 

rhisosphere is the name for the part of topsoil with a high level of biomass that is 

composed of plant roots associated with the microorganisms. The root hairs surfaces are 

commonly colonised by microorganisms, which improve the uptake of essential 

elements by plant roots (Manahan, 2013). 
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Figure 2.5 Soil structure showing a typical distribution of soil horisons resting on the parent rock; O–

organic soil layer, A–topsoil layer, B–subsoil layer and C–bedrock; the figure shows aspects of soil 

microstructure including solid soil particles, water bound to soil particles, and its influence; the process of 

the elements uptake and translocation from soil to plant and further processes in plants (adopted and 

modify from Manahan, 2013). 

 

All the properties, physico-chemical conditions and reactions in the soil 

influence the bioavailability of PTEs from soil to plant. In this doctoral dissertation, the 

term “bioavailability” will be used for assessing the elements availability from soil to 

different parts of the plant (grapevine). The bioavailability of PTEs is a variable process 

and is strongly controlled by specific properties of abiotic and biotic media as well as by 

the physico-chemical properties of the element. The mobility of PTEs in soil and its 

uptake by plants depend on various factors (PTEs concentration in soil, pH, soil organic 

matter (OM), CEC and Fe and Mn oxides content in soil) and the type of plant (Meeus 

et al., 2002; Khan et al., 2018). The root uptake of PTEs from soil and their 

translocation in plants and their parts is a very complex process. The root can absorb the 

PTEs both actively (metabolic) and passively (nonmetabolic). Newerhow, the contents 

of PTEs uptake are positively correlated with their available (mobile) element pool at 

the root surface. In the literature, the plant uptake of PTEs from soil has been assessed 
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by calculating the ratio of PTE concentration in the plant according to the PTE 

concentration in soil. In various studies, this factor has a different term e.g. Biological 

Absorption Coefficient−BAC, Index of Bioaccumulation−IBA or Transfer Factor−TF 

(Kabata-Pendias and Mukherjee, 2007). 

It is widely known that plants are sorbing some quantities of nutrients and PTEs 

from the soil, and the element mobility and extractability from soils influence their 

bioavailability (Kabata-Pendias, 2004). The total element content in the soils represents 

a poor indicator of the elements bioavailability because the biodiversity is conditioned 

by different properties, conditions and reactions previously explained. Thus, beside the 

PTEs concentrations assessment, the measurements of physico-chemical parameters of 

the soil are important for the better understanding the potential bioavailability of various 

elements. Many single and sequential extraction procedures have been proposed to 

assess the mobility and bioavailability of metals in soils (Relić et al., 2005; Relić et al., 

2010; Relić et al., 2013; Vázquez Vázquez, 2016). 

The biochemical functions of many essential elements are already well known. 

Various PTEs are known to have a biological role, often as cofactors or part of the 

cofactor in enzymes and as structural elements in proteins, but these elements present or 

accumulated to the plant in exceeds can have toxic effects to plant or human. For other 

PTEs, known as non-essential the biochemical functions are not yet clearly understood 

(Kabata-Pendias and Mukherjee, 2007).  

Plants uptake from the soil mostly those element quantities which are present in 

the soil solution (Figure 2.6). Thus, the binding of PTEs to soil constituents is one of the 

most important factors which are influencing their bioavailability. In addition, the roots 

have the ability to take up some quantities of PTEs present in soils in slightly mobile 

PTE forms because of different root exudates can change pH in the soil solution 

surrounding the root and then have an ability to chelate elements. In some highly 

polluted soils, the roots of plants may develop some specific mechanisms to protecting 

the plant from the high uptake of toxic elements (Manahan, 2013; Kabata-Pendias and 

Mukherjee, 2007 and references therein). 
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Figure 2.6 Soil cation exchange and uptake by plants: in the example shown, the element cation (C+) is 

desorbed from soil into the soil solution, in which it is absorbed by a plant root and transported upward 

into the plant tissue by the osmotic flow of water and further translocated in different plant parts; the 

water eventually enters the atmosphere as water vapour through the process of transpiration, leaving the 

C+ in the plant, where it participates in essential metabolic processes (adopted and modify from Manahan, 

2013). 

 

The investigation of element bioavailability from agricultural soil draws 

attention worldwide and has been ongoing for more than a few decades (Pelfrêne et al., 

2012). In agricultural practices, various single extraction procedures have been used for 

estimating and assessing the bioavailable PTE pool. Therefore, it is important to 

highlight that the type of soils and plants species, climatic conditions and other 

environmental factors have a significant influence on the absorption of PTEs by roots, 

so any applied method must be related to specific conditions. For the evaluation of 

bioavailable PTEs based on single extraction procedures, various solutions have been 

used: mineral acids, chelating agents, buffered salts, neutral salt, and other solutions (for 

example in some studies Coca-Cola, which contains phosphoric acid, was used as the 

extractant). The most commonly neutral salt solutions (mainly CaCl2, NH4NO3 and 

NaNO3) and chelating agents (EDTA and DTPA) have been used (Quevauviller et al., 

1996; Kabata-Pendias and Mukherjee, 2007; Ettler, 2016) as single extraction 

procedures. For example, the bioavailability of Cu, Zn, Ni, Cd and Pb has significantly 
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reduced if the soil pH is higher than 7 (Han, 2007). The absorption of various PTEs 

from soil to plant is mainly related to mass flow mechanisms and complex diffusion 

changes (Marschner, 2012; Bravo et al., 2017). 

The general approach for assessing the PTE bioavailability has been to establish 

correlations or associations between PTEs in soil extracts (extracted by single 

extractions e.g. Na2EDTA, NaNO3, CaCl2, NH4NO3, CH3COOH, etc.) and the element 

concentrations measured in plants or plant parts. In addition, these single extraction 

procedures have also been used as secondary procedures for assessing bioavailability, 

without establishing correlations with the plant, and the PTEs concentration obtained in 

extracts have been named as bioavailable, plant-available, extractable or mobile 

fractions (Hooda, 2010). Overall, some of these single extraction procedures are widely 

accepted and applied in bioavailability assessment. Furthermore, it is important to 

standardise these single extraction procedures. Fortunately, there are some efforts 

performing due to standardisation issues. The Standards Measurements and Testing 

Programme of the EU (formerly Community Bureau of Reference, BCR) carried out 

several interlaboratory experiments and has provided indicative values for CaCl2, 

NaNO3 and NH4NO3 extractable PTEs in two sludge-amended soils and prepared a 

standard reference material (BCR CRM 483 and BCR CRM 484) (Queavauviller et al., 

1997). Different single extractants e.g. CaCl2, BaCl2, NaNO3 and NH4NO3 seem 

similar, but they have not been comprehensively compared thus far in any study 

worldwide, which has been done in this doctoral dissertation for the first time. 

Moreover, 0.1 M NaNO3 (Bo, 1986) and 1.0 M NH4NO3 (DIN, 1995) have been 

adopted as national standard protocols in Switzerland and Germany, respectively 

(Pueyo et al., 2004), while 0.01 M CaCl2 (Houba, 1996) has been recommended in the 

Netherlands (Pueyo et al., 2004) for similar metal testing protocols (Hooda, 2010). For 

example, CaCl2 was also suggested by Houba et al. (2000) as the most suitable for a 

universal procedure for assessing risks from PTEs in soils, and also some other authors 

are recommending this protocol as suitable (Novozamsky et al., 1993; Houba et al., 

2000; Peijnenburg et al., 2007). Even these protocols are becoming more useful because 

they are simple one-step extraction procedures, more effort should be applied for the 

comparative experiments due to their mutual comparison in order to find the most 
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efficient extractant for predicting bioavailability of soil elements that is one of the main 

aims established in this doctoral dissertation. 

 

2.2.3 Air−soil and air−plant interactions 

When the pollutants are once emitted to the atmosphere, the wind and 

atmospheric turbulences transport them. From the atmosphere, the pollutants are 

removing by the dry or wet deposition to surfaces (soil, plants etc.). Dry PM or PTEs 

deposition occurs through the gravitational settling and it is almost continuous. Bigger 

PM (diameter˃10 µm) are quickly deposing while smaller PM can stay for days or 

months in the atmosphere (Grantz et al., 2003). Therefore, fine PM can pass large 

distance (1000–10000 km) before they deposed on the surface (WHO, 2005). Due to the 

short life (few minutes to hours), fine PM (e.g. PM2.5 or PM0.1) can grow rapid and 

associate in large aggregates by coagulation or condensation (Pope and Deckery, 2006) 

before deposing on the surface. Wet deposition is more effective for small PM and 

gases: raindrops growth in size and they could bound various pollutants during the 

deposition. Particles lower than 100 µm can be resuspended by wind, vehicle activities 

or tire wear (Nicholson, 1988). PM with diameter from 500 µm to1000 µm can move on 

the surface of the land (Kupiainen, 2007). The PM that is deposing on the surface can 

also influence the movement of another PM. Urban air quality is significantly attacked 

by the atmospheric PM and PTEs, but there are no many studies to confirm this for the 

rural areas. 

Pollutants deposed on the soil surface sorb on the surface and further, they can 

be leached or due to another chemical process in soils can move through the soil layers 

depending on the soil and pollutant physico-chemical properties. Further, these 

pollutants can be accumulated to the plants by the root system. These chemical reactions 

of mobility and bioavailability of pollutants in the soil will be furthermore explained. 

Moreover, the pollutants entrapment on the plant surface and intercellular uptake of 

PTEs associated with PM (Brown and Bates, 1990) depend on ions which usually 

bound the differently charged sites at the cell wall and cause the ion exchangeability. 

Because PTEs originating from the air are not strongly bonded, they can be easily 

removed from the plant surface by washing or another process in the environment (rain 

or wind). In this reaction of ions exchange, the significant influence has H2O (Bargagli, 
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1998), which can improve or reduce uptake of soluble ions which are bounded on the 

exchangeable form on the cell wall or plasma membrane surface of the plant. The 

insoluble PTEs may be stable, but rain can cause their mechanically remove. The plant 

can sorb PTE deposed on their surface by stomatal uptake, and further, the pollutant can 

be accumulated in the different plant tissue. 

 

2.3 Environmental implications in the agricultural environment 

Nowadays, various equations for assessing the environmental risk and 

environmental implications were developed. The soil contamination indices enable the 

normalisation of PTE concentrations to dimensionless-unit ”concentrations” which 

enable comparisons between the implications caused by PTEs (Kim et al., 2015; 

Antoniadis et al., 2017a, 2017b, 2017c), but the use of these indices is also appropriate 

for distinguishing pollution of different sites. By creating dimensionless-unit 

”concentrations” soils may be more effectively classify according to contamination. 

Thus, these indices are important in monitoring areas polluted by PTEs. Also, 

normalisation of these values enables the mapping of soil pollution and enable the 

classification of pollution comparing the values calculated for different areas. All soil 

indices for assessment of the pollution are giving similar information: they obtained the 

ratio of PTEs in soil over the uncontaminated soil from the investigated area, usually 

termed as: ”background value” (Cao et al., 2010; Liu et al., 2005; Lin et al., 2016; 

Antoniadis et al., 2017a, 2017b, 2017c), ”background concentration” (Szolnoki and 

Farsang, 2013) or ”local background value” (the term which will be used in this 

doctoral dissertation). These “local background value” are characteristic only for the 

studied area because in sometimes researchers report these values as some values from 

the same potentially polluted soil or use those values from existing publications. It is 

important to note that background values could not be globally equal. They are rather 

site-specific for each investigated area. Three the most often applied indices of soil 

contamination are contamination factor (CF), geo-accumulation index (Igeo), and 

enrichment factor (EF). While CF and Igeo equations are based on the ratio of the 

element concentration in soil and concentration in the local background, in EF equation 

as “normaliser” commonly is used the most specific geogenic element (eg., Al, Fe or 

Mn), which probably is not contributing to the contamination of investigated soil. Index 
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values are classified for better evaluation and describing the pollution level of the site 

(Devesa-Rey et al., 2010; Sakan et al., 2014), assessing is PTE origin unknown or well-

established (Lee et al., 1997; Ozkul, 2016). Indices have been used effectively in varied 

porous media apart from the soil, such as in river sediments (Duodu et al., 2016), as 

well as in different environmental matrices (Aiman et al., 2016). In addition, various 

other indices were developed such as potential ecological risk (RI) by Hakason (1980) 

and RI seems to be a suitable way to comprehensively express the PTE pollution (Hui-

na et al., 2012; Ghasemi et al., 2018). Moreover, the bioavailability risks (BRAI) for the 

assessment of the risk caused by PTEs that are easily available was developed (Long et 

al., 1995; NOAA, 2004; Jamshidi-Zanjani et al. 2015). In addition, some equations were 

developed for better assessing the element bioaccumulation of PTEs from soil to plant 

(Biological accumulation concentration–BAC) (Radulescu et al., 2013; Bravo et al., 

2017), which also can indicate if some plant species can be classified as metal excluder 

or hyper-accumulator. Finally, comparing the PTE concentrations between plant parts 

which are directly exposed to the atmospheric deposition with inner parts the (Ratio 

factor–RF) (Oliva and Mingorance, 2006) air pollution influence to the plant can be 

assessed. 

In this doctoral dissertation, the environmental risk of soil and plant was 

assessed mainly comparing the PTE concentrations with local background values and 

various environmental implication equations were applied to estimate the level of 

pollution in the vineyard ambients. 

 

2.4 Human health risk assessment in agricultural area 

Human activities can increase the pollutant concentrations up to the phytotoxic 

level. In addition, for workers in the fields, who are chronically exposed to PTEs from 

the soil and directly exposed during agrochemical spraying treatments, these elements 

could cause serious health consequences (poisoning, respiratory diseases, even the 

carcinogenic diseases). PTEs in soils can affect human health through the inhalation of 

dust, ingestion of soil, or by dermal contact (Sylvain et al., 2016). The increased PTE 

concentration in soils can cause a potential risk to human health because of their 

subsequent involvement in the food chain through plant uptake (Islam et al., 2015; 

Niesiobędzka, 2016). In addition, PTEs can also contaminate plants growth on the soil 
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and subsequent with the products (fruits or vegetables) which are using as food can be 

intaken (Thron, 1996). The dietary intake of PTEs present in fruits or vegetables, 

especially products growth on potentially polluted agricultural areas (parcels near 

industries, foundries or highway roads) is very important (Guerreiro et al., 2016; Thron, 

1996). 

There are different models that can be found and used for human health risk 

assessment applying the concentrations of measured pollutants in soil or fruit samples. 

The most used in the soil studies (Li et al., 2015; Tepanosyan et al., 2017a; Tepanosyan 

et al., 2017b; Minolfi et al., 2018) is from Environmental Protection Agency of United 

States (US EPA) guidance for human health risk assessments and adequate equations 

are published at The Risk Assessment Information System, RAIS (RAIS, 2013). Besides 

this model, there exist some other models such as contaminated land exposure 

assessment (CLEA) and an exposure model for human risk assessment of soil 

contamination (CSOIL) models and etc. Most of them deal with calculations of humans 

risk by exposure to contaminated soil via different routes. CLEA and CSOIL calculate 

the maximum concentration of contaminants that are safe for humans and used by the 

UK and Dutch Environmental National Agencies. 

The equations available at The Risk Assessment Information System, RAIS, 

adapted to the local conditions, were used in this doctoral dissertation (RAIS, 2013) for 

the health risk assessment for the field workers and grape and wine consumers. 

 

2.5 Biomonitoring of air quality 

Biomonitoring represents the different organisms’ (plants or animals) response 

to the pollutant presence in the environment (Bargagli, 1998; Wolterbeek et al., 2002; 

Markert, 2007). Thus, organisms, part of organisms or communities of organisms that 

contain information on the quality of the environment represent bioindicators and 

which can give relevant information about the quality of the environment. In addition, 

organisms, part of organisms or communities of organisms containing information on a 

quantitative aspect of the quality of the environment or part of the environment 

represent biomonitors. The well-chosen biomonitor is a species that can reflect the 

quantitative composition of the ambient. However, due to the complexity of 

environmental abiotic and biotic factors, bioindicators/biomonitors have the capability 
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to take up the pollutants through two mechanisms biomagnification (sorption of 

substances from nutrients through the digestive tract or respiratory 

system−characteristic for animals) and bioconcentration (direct sorption of substances 

from the environment through the tissue-specific for plant biomonitors). 

Among the different species, a reliable bioindicator should be chosen according 

to the following characteristics: ability to accumulate high levels of pollutants, 

sensitivity to specific air pollutants, availability to represent local pollution, abundance 

and wide distribution of the bioindicator, life-long enough due to temporal comparisons, 

easy for sampling, ability to accumulate the concentration quantities which are 

measurable by referent analytical techniques (Zhou et al., 2008). 

Commonly regarded the best air pollution indicators are mosses and lichens due 

to their ability to accumulate PTEs in high levels (Rühling and Tyler, 1968; Berg and 

Steinnes, 1997; Harmens et al., 2008; Aničić et al., 2009a, 2009b, 2009c). However, in 

“anthropogenically devastated areas” (such as industrial areas, urban or agricultural 

areas), apart from mosses and lichens, other plants can give a reliable information about 

the ambient pollution. The main advantages of using leaves for air monitoring are their 

greater availability and large surface, the simplicity of species identification, sampling 

and treatment, and their possibility to cover large areas. Hence, the leaves have been 

used as ambient pollution indicators in polluted areas where lichens and mosses are 

often absent (Bargagli, 1998; Hoodaji et al., 2012). In addition, the accumulation of 

PTEs by plants primary depends on the root system, binding and solubility of deposed 

particles on the leaves. To monitor or assess the level of pollution in potentially polluted 

areas, different leaf species are studied as bioindicators (Turan et al., 2011). Among the 

leaf species, the ability to indicate the ambient pollution greatly varies (Bargagli, 1998; 

Weiss et al., 2003; Tomašević et al., 2004; Tomašević et al., 2005). The grapevine 

leaves have been analysed in various studies in order to improve the plant nutrition or to 

test PTEs influence on grapevine but according to best of my knowledge, there is not 

yet published any study where the grapevine (Vitis vinifera L.) leaves were tested as 

potential air pollution biomonitors. 

As previously mentioned, mosses represent one of the best bioindicators for air 

pollution assessment. They represent primitive organisms without vascular tissues 

characteristic for vascular plants (e.g. root, stem and leaf). They occur on a wide range 
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of substrates e.g. soil, rock, bark, wood and even leaf cuticles (Vanderpoorten and 

Goffinet, 2009). The mosses are held on the substrate by rhizoids. Thus, the above-

ground moss part (cauloid) collects nutrients, H2O and PTEs directly from precipitation 

and dry deposition from the atmosphere and only non-significant quantities of the 

elements could originate from the substrate (Market et al., 2003). In addition, mosses 

have some other morpho-physiological characteristics, such as a large surface and 

undeveloped cuticle on the surface and high ability to exchange the cations through the 

surface entrapment or intercellular uptake (Brown and Bates, 1990; González and 

Pokrovsky, 2014). They also have the capacity to tolerate dehydration and to recover 

from it without physiological damage. Due to their morpho-physiological characteristics 

and cosmopolitan abundance, mosses have high advantages as bioindicators of air 

pollution by organic and inorganic substances (Bargagli, 1998, Markert et al., 2003).  

In almost last six decades, mosses as air quality bioindicators have been studied 

by worldwide (Rühling and Tyler, 1973). Many studies were performed in order to 

investigate different mosses as biomonitors of inorganic and organic pollutants (Aničić 

Urošević et al. 2017, and references therein). 

Finally, the methods with instrumental sampling are usually limited by the high-

costs and it is not easy to perform spatio-temporal monitoring. Thus, moss bag 

biomonitoring offers cost-effective and easy performable technique giving information 

about ambient quality (Markert, 1995; Bargagli, 1998; Weiss, 2003; Rucandio et al., 

2011). 

Generally, two different approaches in biomonitoring of pollutants are defined 

as passive biomonitoring, using the organisms naturally occurring in the environment 

and active biomonitoring using biomonitors prepared in the laboratory conditions or 

growing at the pristine area and exposed in a standardised form in the polluted area 

where naturally growing biomonitor is absent (Markert, 2007). 

2.5.1 Active moss bag biomonitoring 

Active moss bag biomonitoring give great possibilities of technique application 

in various ambient for assessing the air quality due to the possibility to control many 

measurement parameters (the exposure time, measuring site/position and initial 

concentration). Although, the mosses are widely distributed, there are some areas where 
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mosses are not present, such as urban, industrial or agricultural. In urban areas, 

dominant landscaping makes the cities into “moss deserts”. The agricultural areas with 

extensive plant cultivation are also recognised as ambient with moss absence. To 

overcome the moss absence from some ambient, the active biomonitoring approach 

enables to assess air pollution by moss biomonitors. This approach represents 

transplantation of mosses from unpolluted pristine area to the polluted areas. According 

to the literature, the most common active biomonitoring using mosses is moss bag 

technique, which has been introduced by Goodman and Roberts (1971). Furthermore, 

the technique was modified regarding the moss species choose, different pre‐treatments, 

preparation of bags for exposure and the exposure time (Ares et al., 2012). However, for 

this technique, there are still not adopted unique international standards, but for example 

in Finland, this technique is nationally standardised (SFS 5794 Finnish Standards 

Association 1994). The comprehensive review of the moss bag technique application 

over urban and industrial areas is given by Ares et al. (2012) and Aničić et al. (2017). 

Because it is characterised by a lower variability of the measured concentrations 

between the subsamples, lower initial pollutant level, controlled time of mosses 

exposure, minimises the abiotic factors that could influence the element concentration, 

overcomes the inaccessibility of many sampling sites, the active moss bag 

biomonitoring has some advantages in comparison to the passive approach. The 

disadvantage of the technique represents losing the moss vitality due to it 

transplantation from the natural habitat. Moreover, during the exposure, the moss tissue 

growth can “dilute” the real concentrations of pollutant, so before the transplantation the 

mosses in the bags the moss devitalisation is recommended due to avoiding the moss 

growth, especially if they are exposed in humid climate zone (Fernández et al. 2010). 

Active moss biomonitoring has been applied mostly in urban and industrial areas 

and very rare in agricultural areas (Ares et al. 2012; Capozzi et al. 2016a). In the last 13 

years, the crucial variables improving the methodological approach of the moss bag 

technique application (species-specific and the time- and site-dependent pollutant 

enrichment) through a various studies were performed in urban area of Belgrade (Aničić 

et al. 2009a, 2009b, 2009c; Vuković et al. 2013, 2014, 2015a; 2015b,  2016, 2017). 

Thus, in this doctoral dissertation for the first time the moss bag biomonitoring will be 
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performed in the agricultural area in Serbia and specifically, in the vineyard ambient, 

the moss bag technique has not been applied worldwide yet. 

The exposure period of ten weeks is proposed to obtained satisfactory PTE 

enrichment in moss bags. According to a review publication (Ares et al., 2012), ten 

weeks of exposure was proposed for further studies. However, the PTE concentrations 

in the moss bags have a tendency to increase with the exposure time prolongation (from 

1 to 5 months) (Aničić et al., 2009c). Moreover, during the first ten weeks, the most 

PTE concentrations in the mosses increase, even for the REEs the same trend was 

observed.  

2.5.2 (Bio)monitoring of magnetic particles 

Application of magnetic measurements in environmental studies is based on the 

fundamental nature of magnetism and the presence of Fe. Thus, the methods based on 

magnetic measurements are built on the mineral-magnetic principles of rock- and 

palaeomagnetism (Dekkers, 1997; Salo, 2017) and can indicate Fe-bearing minerals and 

magnetic PM grain sizes, concentration and composition. With these minerals and 

magnetic PM are usually associated with PTEs. Thus, for monitoring of magnetic PM, 

the magnetic parameters can represent an alternative and complementary method for 

environmental pollution assessment. Instrumental PM monitoring with high spatio-

temporal resolution requires expensive equipment and continuous maintenance of the 

monitoring stations. Application of magnetic methods for assessing the magnetic PM 

has some advantages such as the necessity of fast measurements and a small sample 

quantity for analysis. Also, these methods for obtaining magnetic parameters such as of 

magnetic susceptibility and saturation isothermal remanent magnetisation are cost-

effective, sensitive and non-destructive (Wang et al., 2018). Overall, magnetic methods 

represent a proxy for quickly screening of the PM pollution over large areas (Salo, 

2010). Combination of magnetic and geochemical methods has been applied in many 

studies for assessing air, soil or sediment pollution and also this method was used for 

quantification of magnetic PM originating from anthropogenic sources (Wang et al., 

2018). 

The magnetic parameters determination have been useful for preparing maps of 

the topsoil magnetic properties for national soil investigations in Austria (Hanesch et al., 
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2007), Bosnia and Hercegovina (Hannam and Dearing, 2008), England and Wales 

(Blundell et al., 2009), France (Thiesson et al., 2012), Poland (Łukasik et al., 2016) and 

Bulgaria (Jordanova et al., 2016; Wang et al, 2018). Nowadays, the magnetic 

parameters are applicable for the semi-quantification some of the PTEs (e.g. Cu, Pb, Zn, 

Cr, V and Mn) (Hu et al., 2008; Zhang et al., 2011; Karimi et al., 2011; Qiao et al., 

2013; Wang et al., 2013; Wang et al., 2018). 

Previously described biomonitoring based on PTEs determination in plant leaves 

imply them as a potentially good indicator for urban ambient quality (Tomašević et al., 

2004; Balasooriya et al, 2009; Kardel et al., 2010, 2011). Moreover, leaf magnetic 

parameters such as magnetic susceptibility and saturation isothermal remanence 

magnetisation have been reported as a valuable proxy for magnetic PM pollution on leaf 

surfaces (Mitchell et al., 2010; Hansard et al., 2011; Kardel et al., 2012). Leaf 

biomonitoring of magnetic PM is a cost-effective technique which allows obtaining 

large spatio-temporal information of pollution. It is possible to combine different 

species for obtaining pollution covering the investigated area (Kardel et al., 2012). The 

disadvantage of the magnetic PM biomonitoring using leaves can be the absence of 

plants, but this can be overcome by an active biomonitoring (Vuković et al., 2015a, 

2015b). 

Studies of biomonitoring of magnetic PM on vegetation samples (tree leaves, 

needles, tree ring cores, mosses, lichen) have been carried out almost last two decades 

(Flanders, 1994; Matzka and Maher, 1999; Moreno et al., 2003; Hanesch et al., 2003; 

Gautam et al., 2005; Lehndorff et al., 2006; Maher et al., 2008; Zhang et al., 2012; 

Castaňeda Miranda, 2014; Castaňeda Miranda, 2016; Jordanova et al., 2016; Hofman et 

al., 2017 and references therein; Rachwał et al., 2018). The results from various studies 

imply that some PTEs (e.g. Cu, Cr, As, Zn and Pb) formed during fossil fuel 

combustion processes could be associated with magnetic Fe-oxides (Boyko et al., 2004; 

Desenfant et al., 2004; Magiera et al., 2013; Wang, 2018). All these publications 

demonstrated the leaf potential as passive magnetic PM collectors which can indicate 

environmental pollution. However, in this doctoral dissertation for the first time, the 

grapevine leaves have been used in comparison to the PTE concentrations for the 

assessment magnetic parameters as a proxy for ambient environmental pollution in the 

vineyard. 
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3 Materials and methods 

3.1 Study areas 

From 2014 to 2018, six experiments were conducted in three different grapevine 

growing areas (experimental, commercial and organic vineyards) located on the 

territory of the Republic of Serbia (Figure 3.1). 

The experimental vineyard “Radmilovac” is located in a suburban settlement of 

Belgrade, (44°45'24''N; 20°34'54''E) (Figure 3.1), the capital of Serbia, in “Belgrade” 

grapevine growing subregion (Ivanišević et al., 2015), in “Gročansko” vineyard area. 

This vineyard is a conventionally grown, but because of the frequent experimental 

activities in the agriculture field and new varieties production, further, it will be named 

experimental vineyard. The experimental vineyard “Radmilovac” covers an area of 88 

ha. The vineyard parcels are located between the Institute of Nuclear Research “Vinča”, 

the hazardous waste landfills and the highway road. The institute landfill is oriented 

towards the vineyard parcels of vineyard area “Radmilovac”. This area is hilly and due 

to the position between the Danube River and Pannonia basin from one side and Avala 

mountain and Belgrade city from the other, this area is characterised by the eastern-

continental climate. The vineyards in this region extend at the altitude from 150 to 250 

m. The slope of the terrain is moderately steep to mild (Ivanišević et al., 2015). All the 

parcels (T1−T6) are grouped as a complement field, except T10, P and C. Parcel C 

represents a control sampling site located in the surround of the investigated vineyard 

and represents a local background sample. Parcel T6 is located near the main road and 

parcel T5 is located 1.5 km from the Institute of Nuclear Science “Vinča” (Figure 3.2). 

Experiment 1 from this dissertation was conducted in this vineyard during the harvest 

(August). 

The agricultural subregion “Oplenac Wine Route” (44°13′36.3″N; 20°39′12.4″E) 

is well-known grapevine growing area in Serbia (Figure 3.1) located in “Šumadija” 

grapevine growing subregion (Ivanišević et al., 2015). The sampling sites were located 

in the village, near the Topola town, 80 km from Belgrade. This vineyard is 

conventionally cultivated for the commercial vine production and further, it will be 

named commercial vineyard. In this area, six vineyard parcels (I, II, III, IV, V and VI) 

were investigated. The potential pollution sources, metal foundry near the parcel VI and 

the highway road near the parcels I, IV and V, were positioned close to the investigated 
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vineyard area. The highest distance between the parcels was 2 km (between the parcels 

IV and V). The parcels I, II, III were located next each to other and they were separated 

from the parcel IV by the road. The parcel V is located 800 m from the parcel VI which 

is the only investigated parcel that is sheltered from the road influence by the building 

of the metal foundry. The studied soils were alluvial colluvial (Coluvic Regosol), very 

carbonated, sandy clay and poorly enriched by the hummus (Ninkov et al., 2014). The 

studied parcels were in the system of no-tilling grapevine production and they were not 

located on the slope terrain. In the studied region, precipitations were the most frequent 

from March to June (before the harvest) in 2015 (Republic Hydrometeorological 

Service of Serbia), (Figure 3.3). The experiments 2, 3, 4 and 6 were conducted in this 

commercial vineyard through the entire grapevine season (from pre-agrochemical 

treatment period−April to harvest period−August). 

 

commercial

organic

experimental

 

Figure 3.1 The locations of the investigated vineyard areas in Serbia. 

 

The third investigated vineyard is one of three organic growth vineyards in 

Serbia. It is located in ”Grocka” near the Danube river (Figure 3.1). “Grocka” is a 

suburban municipality of Belgrade (Figure 3.4). It is located in Belgrade grapevine 



 
Material and methods 

 

34 

 

growing subregion, in “Gročansko” vineyard area (Ivanišević et al., 2015). In the past, 

this area was well known as “Indigo hills” because the vineyards had grown in this 

region was frequently treated by the copper (II) sulphate and these fields looked like 

indigo blue hills. During the XX century, the different fruits were produced in this area. 

From 2008 the organic vineyard was grown in this place. The vineyard is located on a 

terrain slope of 10%, orientated south-east, at the altitude from 145 m to 195 m, or 

about 80 m above the Danube River level. The parcel 1 is located from the Danube 

River around 1 km. Parcels 2 and 3 are located 3 km from parcel 1. The parcels 4 and 5 

are located 300 m from the parcel 1 (Figure 3.2), near the Danube River. In this 

vineyard, two experiments were conducted (5 and 6) in the most specific periods for the 

grapevine growth (leaf set–June, veraison–July and harvest–September). 

 

3.2 Sampling 

3.2.1 Soil samples 

In the studied vineyards, sampling was performed from 2014 to 2016 during the 

grapevine seasons. Three soil layers were sampled: organic soil layer (0–5 cm), topsoil 

(0–30 cm) and subsoil (30–60 cm). The soil samples were collected using the sampling 

probe (Figure 3.5a), following the protocol reported by the Institute of Field and 

Vegetable Crops, Novi Sad, Serbia (http://www.nsseme.com/en/). Approximately 1 kg 

of each soil sample was collected in marked plastic bags (Figure 3.5b) and transported 

to the laboratory. The control samples (marked in different experiments as 

C−Experiments 1, 2, 3 and 6) for the determination of the local background values of 

the measured elements in the soil were sampled from the same area, in the surrounds of 

the grapevine growing parcels, but the location was not exposed to any agricultural 

activities or plant growth. In the case of Experiment 5, conducted in the organic 

vineyard (where the agrochemicals were not or in low quantities were used), local 

background samples represent the deepest sampled soil layers in each of the 

investigated parcels (30−60 cm). 

In the experimental vineyard, the topsoil samples (0–30 cm) were collected from 

nine different vineyard parcels, marked as tables T1, T2, T3, T4, T5, T6, T10, P and C 

during the harvest 2014. In each parcel, the soil samples were taken as the composite 

samples of 10 subsamples sampled along the diagonal of the parcel. The samples T2 and 
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T4 were collected from the central part of the vineyard area. The P table is located close 

to the local stream and tables T1, T5 and K are experimental fields without grapevine. 

Table C was used as a control sample for the determination of the local background 

values of the measured elements (Figure 3.2). 

 

 

Figure 3.2 Location of the investigated experimental vineyard parcels (Milićević et al., 2017a). 

 

In the commercial vineyard, the soil samples were collected from the six 

vineyard parcels (I, II, III, IV, V and VI) (Figure 3.3) from two different depths (0−30 

cm and 0–60 cm) through the entire grapevine season (from April to October) 2015. 

The soil was sampled along transects in each of the investigated vineyard parcels, 

moving from the potential pollution sources (highway road or metal foundry; Figure 

3.3). 
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Figure 3.3 The location of the investigated experimental vineyard and position of the investigated parcels 

and illustration of grapevine growing phases; Experiment 2 was conducted during the harvest period (soil, 

grapevine parts−seed, pulp, skin, whole berry, leaf and wine were sampled) among investigated parcels; 

Experiment 3 was conducted (soil and leaves were collected) among all parcels through the entire 

grapevine season; Experiment 4 was conducted exposing moss bags among investigated parcels during 

the entire grapevine season; The metal foundry near the parcel VI and highway road near the parcels I, IV 

and V are located (Milićević et al., 2018b). 

 

In the organic vineyard, the soil samples from three different depths (0−5 cm; 

0−30 cm and 30−60 cm) were collected from five different parcels during 2016. From 

each parcel, the composite sample prepared of 10 subsamples were collected along 

transects in the investigated parcels (Figure 3.4), as in experiment conducted in the 

experimental vineyard. The local background samples represent the subsoil samples 

(30–60 cm) in the organic vineyard parcels (Figure 3.4). Because in the organic vineyard 

there were not frequent agricultural activities the sampling was performed starting from 

June to September to cover all important grapevine growing phases (leaf set, veraison and 

harvest). 
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Figure 3.4 The location of the investigated organic vineyard and the position of the parcels; The parcels 4 

and 5 are located near the Danube River. 

 

3.2.2 Grapevine samples 

In three investigated vineyards, 11 grapevine (Vitis vinifera L.) varieties were 

sampled (Cabernet sauvignon, Riesling italian, Riesling rain, Burgundac, Prokupac, 

Cabernet franc, Merlot, Sauvignon blanc, Regent, Panonia) during the grapevine 

harvest. From each of the varieties, the grapevine leaves and grapevine berries were 

sampled at the same sampling sites where the soil was sampled (Figure 3.5,d). 

In the experimental vineyard, seven different grapevine (Vitis vinifera L.) 

varieties were sampled. They were grown by the following order: T2‒Riesling rain and 

Burgundac, T3‒Cabernet sauvignon and Riesling italian, T4‒Prokupac and Cabernet 

sauvignon, T6‒Cabernet franc, T10‒Cabernet franc and Merlot, P‒Cabernet franc. For 

the need of the pilot study, the grape leaf and grape berries were sampled from each of 

the parcel (tables: T2, T3, T4, T6, T10 and P) (Figure 3.2). 

In the commercial vineyard, Sauvignon blanc from parcels I, II, III, IV and VI; 

and Cabernet sauvignon from parcel V were sampled. Leaf samples were collected 

from each of the sampling sites through the entire grapevine season (from leaf set 
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phase−May to harvest phase−August). Grapevine berry samples were collected during 

the grapevine harvest 2015. The wine samples (red and white wine) were prepared from 

the grapes collected during the studied harvest from the investigated parcels (Figure 

3.3). 

Two grapevine (Vitis vinifera L.) varieties were sampled in the organic vineyard, 

Pannonia and Regent. Leaf and petiole samples were collected through the season 

(June−leaf set, July−vearison and September−harvest) and grapevine berries in the 

harvest 2016. 

 

Figure 3.5 a) Soil sampling by the probe; b) soil samples packing in the plastic bags; c) leaf sampling; and 

d) grape sampling performed in the investigated vineyards. 

 

3.2.3 Moss sampling and moss transplantation 

Two moss species (Sphagnum girgensohnii Russow−S. girgensohnii and 

Hypnum cupressiforme Hedw.−H. cupressiforme) were chosen for the moss bag 

biomonitoring of the air pollution in the commercial vineyard (Experiment 4) and S. 

girgensohnii, that is the most sensitive moss genera and the most recommended, was 

used for the biomonitoring in the organic vineyard (Experiment 5). The moss S. 

girgensohnii
1
 was collected at the end of May 2014 from a pristine wetland area located 

                                                             
1 permit for import this moss type from the area where it is widely present and not under protection as an 

endemic species (country of origin: Russia, ‘Domkino’ site) was obtained from the competent ministries; 
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in the vicinity of “Domkino”, Dubna, Russia (Figure 3.6 a). Based on the previously 

published studies (Aničić et al., 2009a; Vuković et al., 2016), this location is well-

known as an appropriate background area. 

 

Figure 3.6 a) Moss S.girgensohnii sampling; b) moss H.cupressiforme sampling c) moss cleaning and 

transplantation in the bags; and d) moss bags exposure in the vineyards. 

 

Another one moss specie is naturally and widely present in the territory of 

Serbia. The moss H. cupressiforme
2
 was collected from the location “Vršačke planine”, 

which is defined as the protected area in Serbia (Figure 3.6b). The moss material 

preparation and the moss bags exposure were performed according to the 

recommendations given in the review of Ares et al. (2012). The moss bag shape and 

duration of bags exposure were chosen in order to be comparable with the previous 

research conducted in Serbia (Aničić et al., 2009a, 2009c; Vuković et al., 2015a, 2015b, 

2016). In the laboratory, the green apical parts of the collected mosses were separated 

from the rest of brownish tissue and manually cleaned from extraneous material, i.e., 

soil particles, leaves, pine needles (Figure 3.6c). Further, the moss was washed thrice 

                                                                                                                                                                                   
the total quantity of the imported moss is ≈1 kg of semi-weighted mass, packed in bags (≈1 g) used for 

the exposure on the sites for the purposes of scientific research (non-commercial use); Imported species 

of moss does not endanger the biodiversity of indigenous species. 
2 this moss species is widely present in Serbia and is not protected as an endemic species 
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with double distilled water (100 g of the fresh moss weight was shaken with ≈10 L of 

the double distilled water). Prepared like this, the moss was air dried and gently hand-

mixed to obtain a homogeneous material. Approximately 1.5 g of the homogeneous 

moss material was packed in flat 7×7 cm nylon net bags with a mesh diameter of 2 mm. 

In order to eliminate possible contamination, prior to use, the mesh was washed using 

0.1 mol L
-1

 HNO3. The moss bag dimension and the moss weight inside were selected 

to achieve a mass-to-surface ratio of approximately 30 mg cm
−2

 (Figure 3.6c). Finally, 

prepared moss bags were exposed in the commercial and the organic vineyards for 

assessing the air quality in agricultural ambient (Figure 3.6d). 

 

3.3 Samples preparation for the analyses 

3.3.1 Soil samples preparation for the destructive and non-destructive analyses 

Each soil sample analysed in all experiments was air-dried in the laboratory. 

During the drying the soil samples were covered with the filter paper. After the drying, 

the samples were sieved through a 2 mm stainless sieve (Figure 3.7a) and ground to a 

fine powder in an agate mortar with a pestle (Figure 3.7b). 

 

Figure 3.7 Soil sample preparation for the analyses: a) sieving through a 2 mm stainless sieve; b) 

grounding to a fine powder in an agate mortar with a pestle; c) the leaf drying d) the leaf grounding; and 

e) the grapevine samples preparation (separating the skin, pulp, seed and whole berries) for the elements’ 

determination. 
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Before the chemical analyses, the physico-chemical parameters of the soil 

samples were determined. The hygroscopic moisture of each soil sample was 

determined at 105°C until the dry weight (Figure 8.1.1d, Appendix 1). All the chemicals 

used in the experiment were of analytical grade (puriss p.a.) and produced by Sigma-

Aldrich. For obtaining the best analysis, removing all contaminants, the acids were 

distilled (Figure 8.1.1a, Appendix 1). In addition, the deionised water was cleaned to 

ultra-pure water (Figure 8.1.1b, Appendix 1). All the laboratory glassware for the 

samples preparation for PTE concentrations determination was washed in the following 

order: H2O and detergent, 10% HNO3 and deionised H2O. The acidity (pH) of the soil 

samples was determined in a mixture (1:5) of soil–distilled H2O, soil–1 mol L
−1

 KCl 

and soil–0.1 mol L
−1

 CaCl2 using Professional Multi-Parameter 

pH/ORP/Conductivity/TDS/TEMPERATURE Bench Meter with GLP−AD800 (Figure 

8.1.1c, Appendix 1). The soil organic matter (OM) was determined by weighting the 

soil samples at 105°C and 360°C using the procedure adopted by Storer (1984). 

Different extraction solutions were used for assessing element mobility and 

bioavailability from the vineyard soil: 0.11 mol L
−1

 CH3COOH during 16 h, 0.44 mol 

L
−1

 CH3COOH during 16 h, 0.05 mol L
−1

 Na2EDTA during 1 h, 0.01 mol L
−1

 CaCl2 

during 3 h, 1 mol L
-1

 BaCl2 during 3 h, 0.1 mol L
−1

 NH4NO3 during 2 h, 0.1 mol L
-1

 

NaNO3 during 2 h and deionised H2O during 2 h and 16 h (Ure, 1996; Quevauviller, 

1998; Quevauviller, 2002; Pueyo et al., 2004; Table 3.1). The single extraction 

procedures were performed on an over-head rotary shaker (Figure 3.8a,b) in a specific 

way that is more detailed explained in Table 3.1. The samples were centrifuged after the 

extraction at 3000 rpm for 10 min (Figure 8.1.1e, Appendix 1). The supernatants were 

separated from the precipitate through the filter paper (Filter paper, Blue Ribbon, Grade 

15 (2–3 pm), Ø125 mm, producer FIORONI) (Figure 3.8c). The pseudo-total digestion 

was performed using an aqua regia solution in a microwave oven (ETHOS 1, Advanced 

Microwave Digestion System, Milestone, Italy) in sealed PTFE vessels using 9 mL of 

HCl and 3 mL of HNO3 for 0.5 g per each soil sample (US EPA 3050b, Method, Table 

3.1) (Figure 3.8d). After the extractions and digestion, the samples were filtered through 

the filter paper (Filter paper, Blue Ribbon, Grade 15 (2–3 pm), Ø125 mm, producer 
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FIORONI) and packed in the polyethylene bottles until the element determination 

(Figure 3.8e,f). 

 

Figure 3.8 a) Soil extraction on the rotary shaker; b) centrifuged (left three cuvettes) versus non-

centrifuged (right three cuvettes) soil extracts; c) the supernatants separating from the precipitate through 

the filter paper after the extraction; d) soil and plant material microwave digestion; e) filtering and 

packing in polyethylene bottles after the soil and the plant material microwave digestion. 
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Table 3.1 Procedures for PTE single extractions and pseudo-total digestion of the soil samples and digestion of the plant material (leaf, petiole, berry, skin, pulp, seed and 

transplanted mosses) 

Extractant Type  Procedure References Experiment 

 soil samples 

Deionised water 
water-soluble 

soil pore water 

2 g of each soil sample was measured and 20 mL of distilled water 

was added. The extraction was performed for 16 h on a rotary shaker. 
 1, 2, 3, 5 

Deionised water 
water-soluble 

soil pore water 

2 g of each soil sample was measured and 20 mL of distilled water 

was added. The extraction was performed for 2 h on a rotary shaker. 
Pueyo et al., 2004;  1, 2, 3, 5 

0.01 mol L-1 CaCl2 exchangeable 
2 g of each soil sample was measured and 20 mL of extractant was 

added. The extraction was performed for 3 h on a rotary shaker. 

Pueyo et al., 2004; 

Quevauviller, 1998. 
1, 2, 3, 5 

1 mol L-1 BaCl2 exchangeable 
2 g of each soil sample was measured and 20 mL of extractant was 

added. The extraction was performed for 3 h on a rotary shaker. 
Sumner and Miller, 

1996 
5 

0.1 mol L-1 NH4NO3 exchangeable 
4 g of each soil sample was measured and 10 mL of extractant was 

added. The extraction was performed for 2 h on a rotary shaker. 
Quevauviller, 1998. 1, 2, 3, 5 

0.1 mol L-1 NaNO3 exchangeable 
4 g of each soil sample was measured and 10 mL of extractant was 

added. The extraction was performed for 2 h on a rotary shaker. 
Quevauviller, 1998. 5 

0.05 mol L-1 Na2EDTA organically bound 
2 g of each soil sample was measured and 20 mL of extractant was 

added. The extraction was performed for 1 h on a rotary shaker. 

Pueyo et al., 2004; 

Quevauviller, 1998. 
1, 2, 3, 5 

0.11 mol L-1 CH3COOH carbonate 
1 g of each soil sample was measured and 40 mL of extractant was 

added. The extraction was performed for 16 h on a rotary shaker. 
Quevauviller, 1998. 1, 2, 3, 5 

0.44 mol L-1 CH3COOH carbonate 
1 g of each soil sample was measured and 40 mL of extractant was 

added. The extraction was performed for 16 h on a rotary shaker 
Quevauviller, 1998. 5 

Aqua regia 
(HNO3 : HCl) 

pseudo-total 
0.5 g of each soil sample was digested using 9 mL 35% HCl and 3 mL 

65% HNO3 
US EPA 3050b 

Method 
1, 2, 3, 5 

 grapevine samples (leaf, petiole, berry, skin, pulp, seed) and  transplanted moss samples 

HNO3 : H2O2 total 
0.5 g of each leaf, petiole and seed samples were digested using 1 mL 

30% H2O2 and 7 mL of 65% HNO3 
US EPA 3050 Method 1, 2, 3, 5 

HNO3 : H2O2 total 
1 g of each berry, skin and pulp samples were digested using 1 mL 

30% H2O2 and 7 mL of 65% HNO3 
US EPA 3050 Method 1, 3, 5 

HNO3 : H2O2 total 
0.3 g of each moss sample was digested using 1 mL 30% H2O2 and 7 

mL of 65% HNO3 
US EPA 3050 Method 4, 5 
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For the non-destructive soil sample analyses, the samples were dry until the dry 

mass. For samples preparation for the element analysis on WD-XRF, the dry mass (5 g 

± 1 mg) of each soil sample was mixed with the wax (20% from the dry soil mass). The 

pellets were prepared in the press, 2 min on 5 bars and then 5 minutes on 15 bars. The 

element concentrations in the pellets were measured by wavelength dispersive X-ray 

fluorescence spectroscopy (WD-XRF) (Figure 3.9). For the determination of the total 

content of C, N, H and S in the soil, approximately 1 g of the dry and grounded soil 

samples were analysed. 

 

 

Figure 3.9 Soil and leaf preparation of the pellets for the element analysis by WD-XRF. 

 

For measuring magnetic parameters, the soil samples, approximately 0.5 g of 

each, were carefully packed in the clean foil and then in the polyethylene containers 

(volume 10 cm
3
) (Figure 3.10a,b). 
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Figure 3.10 a) Soil samples preparation for the SIRM and Susceptibility analyses and b) leaf. 

 

3.3.2 Grapevine and moss samples preparation for the destructive and leaf sample 

preparation for the non-destructive analyses 

All the chemicals used in the experiment were of analytical grade (puriss p.a.) 

and produced by Sigma-Aldrich. Aiming to remove all impurities, the acids were 

distilled (Figure 8.1.1a, Appendix 1). The leaf samples were dried in an oven at 45°C 

during 24 h, powdered in an agate mortar (Figure 3.7c,d). Fresh grape samples were 

separated to the seed, pulp and skin (Figure 3.7e). All the separated samples and whole 

grape berries were blended. The fruit samples were frozen until a few hours before the 

digestion. The grapevine leaf (0.5 g), grapevine petiole (0.5 g), fresh grape berry (1 g), 

grapevine seed (0.5 g), grapevine pulp (1 g), grapevine skin (1 g) and moss (0.3 g) 

samples were digested for 45 min in a microwave digester (ETHOS 1, Advanced 

Microwave Digestion System, Milestone, Italy) (US EPA 3050b Method; Table 3.2.1) 

(Figure 3.6d) (Milićević et al., 2017b). After the digestion, all the samples were filtered 

through the filter paper (Filter paper, Blue Ribbon, Grade 15 (2–3 pm), Ø125 mm, 

producer FIORONI) and packed in the polyethylene bottles until the element 

concentrations measurement (Figure 3.6e,f). 
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For the pellet preparation of the leaf samples for the element determination by 

WD-XRF, the leaf samples were blended and the dry mass (5 g ± 1 mg) of the sample 

was mixed with wax (20% from the dry soil mass). The pellets were prepared in the 

press, 2 minutes on 5 bars and after 5 minutes on 15 bars. Prepared pellets were 

analysed on WD-XRF (Figure 3.9). 

For measuring magnetic parameters for the leaf samples, approximately 0.5 g of 

each leaf sample was carefully packed in the clean foil and then in the polyethylene 

containers (volume 10 cm
3
) (Figure 3.10c,d). 

3.4 Instrumental analyses 

3.4.1 Determination of element concentrations by inductively coupled plasma-optical 

emission spectrometry (ICP-OES) and inductively coupled plasma-mass spectrometry 

(ICP-MS) 

The concentrations of 26 elements (Al, As, B, Ba, Be, Bi, Ca, Cd, Co, Cr, Cu, 

Fe, K, Li, Mg, Mn, Mo, Na, Ni, P, Pb, S, Sb, Sr, V and Zn) in the soil samples were 

determined using inductively coupled plasma-optical emission spectrometry (ICP-OES, 

Thermo Scientific iCAP 6500 Duo, Thermo Scientific, UK) (Figure 3.11a). For the 

calibration, a Multi-Element Plasma Standard Solution 4, Specpure (Alfa Aesar GmbH 

& Co KG, Germany) was used. In addition, this method was used for determining 15 

elements (Al, B, Ba, Ca, Cu, Fe, K, Mg, Mn, Na, Ni, P, S, Sr and Zn) in the grapevine 

leaf, petioles, grape, grape parts, wine and moss samples. The concentrations of the 

other eleven elements (As, Be, Bi, Cd, Co, Cr, Li, Mo, Pb, Sb and V) in the plant 

material (leaf, petioles, grape, grape parts, wine and moss) samples were determined 

using inductively coupled plasma-mass spectrometry (ICP-MS, Thermo Scientific 

iCAPQ, Thermo Scientific, UK) (Figure 3.11b). In addition, 17 REEs: Ce, Dy, Er, Eu, 

Ga, Gd, Ho, La, Lu, Nd, Pr, Sc, Sm, Tb, Tm, Y and Yb in the moss samples 

(Experiment 4) were determined using ICP-MS (Thermo Scientific iCAPQ, Thermo 

Scientific, UK). The sets of the determined element concentrations for each of the 

experiments presented in this dissertation are presented in Table 8.1.1, Appendix 1. A 

low-level Elements Calibration Stock, US EPA Method Standard (VHG Labs, 

Manchester) was used for calibration. The different standard series were prepared 

separately for every procedure (Table 3.1) for calibrating the instruments. The 
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calibrations for the analyses were done by matrix matching method by annulling the 

effects of the matrix to the element determination. 

 

Figure 3.11 a) Inductively coupled plasma-optical emission spectrometry (ICP-OES); and b) inductively 

coupled plasma-mass spectrometry (ICP-MS). 

 

Table 3.2 Preview of the analytical techniques applied in the different experiments presented in this 

doctoral dissertation 

Experiment  ICP-OES ICP-MS WD-XRF SIRM χ 
Elemental  

C, N, H, S 

determination 

1 
soil + +     

plant + +    + 

2 
soil + +     

plant + +     

3 
soil + +    + 

plant + +     

4 
soil + +    + 

plant + +     

5 
soil + +    + 

plant + +     

6 
soil + + + + +  

plant + + + + +  

 

3.4.2 Total element concentrations determination by dispersive X-ray fluorescence 

spectroscopy (WD-XRF) and determination of C, N, H and S total content 

For the determination of the total element concentrations in the soil and leaf 

samples, non-destructive method, WD-XRF was used (Figure 3.12 b). An ARLTM 

PERFORM’X Sequential X-Ray Fluorescence Spectrometer (Thermo Fisher Scientific, 

Switzerland) was equipped with a 4.2 kW Rh X-ray tube. This equipment is able to 
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determine concentrations of the elements from Be to Am in the periodic table. The set 

of various following crystals: AX03, AX09, AX16C, PET, Ge111, LiF200 and LiF220 

were used for the equipment calibration. Software ARL UniQuant was used for the 

quantitative sample analysis. The UniQuant program is contained of the internal 

standard database (UniQuant, 2015), so it can be used without previous analysis of the 

standard series since it is XRF program which works with the advanced Fundamental 

Parameters Algorithms (Beckhoff et al., 2006). For the quantitative determination of the 

soil and leaves element content, the method screens samples and can obtain almost all 

element from the periodic table if they are present in enough high concentrations to be 

detected by WD-XRF. For the determination of the total content of C, N, H and S in the 

soil samples were determined on the Vario El III CHNOS Elemental Analyser (Figure 

3.12a). 

3.4.3 Magnetic parameter measurements 

The measurements soil χ and leaf χ of the studied samples were conducted by 

MS2 Magnetic Susceptibility System (Bartington Instruments Ltd., U.K.) with MS2B 

type dual frequency sensor, with a resolution of 2×10
-6

 SI (Figure 3.12c). The 

susceptibility was measured for 10 s, at the high sensitivity mode. A three-measurement 

procedure was carried out for background drift concentration. Before samples 

measurements, the instrument was calibrated with a sample containing a small ferrite 

bead for both high and low frequencies. The values for the samples were under the 

critical value for discriminating weak samples from strong ones, the correction for the 

air drift fluctuations was done for all the measurements and further the calculations due 

to removing the background drift (Dearing, 1994). The measured magnetic 

susceptibility was normalised by the sample mass (kg) and the polyethylene container 

volume (10 cm³) due to obtaining mass-specific susceptibility value (× 10
-6

 m³ kg
-1

). 

The determination of SIRM for studied samples was performed by the method 

described by Hofman et al. (2014). Previously prepared leaf samples, described in 3.3.2 

Section, were magnetised with a pulsed magnetic field of 1 T with a Molspin pulse 

magnetiser (Molspin Ltd, UK) (Figure 3.12d,e). The magnetic intensity of the sample 

was measured using a Molspin Minispin magnetometer with high sensitivity (∼0.1×10
−8

 

Am
2
, Molspin Ltd, UK). Each of the samples was measured twice. The instrument was 
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calibrated by means of a magnetically-stable rock specimen (Mitchell et al., 2010). The 

empty polyethylene containers were also measured as blank samples. The magnetic 

intensity values (mA m
-1

), were normalised to the polyethylene container volume (10 

cm
3
) and to the leaf mass (g), and finally expressed in A m

2
 kg

-1
. 

 

 

Figure 3.12 a) Elemental C, N, H, S Analyser; b) WD-XRF; c) Magnetic susceptibility-meter; c) 

magnetiser; d) magnetometer (Molspin Minispin magnetometer). 
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3.5 Data processing 

Statistical analyses were performed using the SPSS software version 21 for 

Windows, Statistica 8 (StatSoft Inc., Tulsa, OK, USA), OriginPro 9.0 and R software. 

The normality of the data sets in all studies was tested using the Kolmogorov-Smirnov 

test at p˂0.05. The Wilcoxon signed-rank test was applied for testing differences 

(p˂0.05) in the element concentrations between: 

 the studied grapevine varieties (Sauvignon blanc and Cabernet 

sauvignon−Experiments 2 and 3; and Pannonia and Regent−Experiment 5); 

 soil and grapevine varieties between different vineyard parcels (Experiment 2, 3, 

5); 

 soil layers (Experiment 2, 3, 5); 

 two studied moss species (Experiment 4); and 

 exposed moss bag in different vineyard parcels (Experiment 4). 

In addition, nonparametric ANOVA was used for testing the differences between:  

 different parts of the grape berry (skin, pulp and seed−Experiment 2; skin, pulp, 

seed, leaf and petiole−Experiment 5); and 

 different periods of the moss bag exposure (Experiments 4, 5). 

The Spearman’s correlation (R) analysis was applied to indicate  

 the bioavailability i.e. relationships between the bioavailable fractions of PTEs 

extracted by suitable single extraction procedure from the vineyard soil 

(Experiments 2 and 3) and in order to assess which of the single extraction 

procedures is the most suitable for assessing the bioavailable PTE fraction; 

 associations between the element concentrations measured in the moss bag 

samples (Experiment 4); and 

 associations between the element concentrations in the soil and grapevine 

samples (Experiments 2, 3 and 5). 

In addition, the Spearman’s correlation (R) analysis was applied for assessing 

correlations between: 

 pseudo-total element concentrations in the soil samples (Experiments 2, 3, 5); 

 element concentrations in extracts with element concentrations in the grapevine 

parts − seed, pulp, skin and leaf (Experiment 2, 3); 

 bioavailability risk (Experiment 2, 3); 
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 element concentrations in investigated moss species (Experiment 4); 

 element concentrations in leaf and moss (Experiment 4); 

 element concentrations measured by ICP-OES and ICP-MS, and WD-XRF in 

soil and leaf samples (Experiment 6); 

 SIRM and χ in soil and in leaf samples (Experiment 6); and 

 element concentrations and magnetic parameters in soil and leaf samples 

(Experiment 6). 

Principal Component Analysis (PCA) with Varimax normalisation was used 

with the rotation method in the analysis following the standardisation of the data 

(Kaiser, 1958). The analysis was applied to identify: 

 association between different element concentrations extracted by different 

extractants from the soil (Experiment 1); 

 similarities between the grapevine parts and different grapevine varieties 

(Experiment 1); and 

 the bioavailability of the potentially toxic elements and differences between the 

single extraction procedures for the vineyard soil (Experiments 1, 2 and 3); 

 associations between the element concentrations in the soil samples and physico-

chemical parameters and sampling periods (Experiment 3); 

 associations between element BAC and the grapevine phases through the season 

(Experiment 3); 

 similarities of the moss bag exposure periods in the commercial vineyard 

(Experiment 4); 

 distinguish associations between the elements recognised as PTEs and different 

grapevine parts (skin, pulp, seed, petiole and leaf) of the organic grapevine 

(Experiment 5); 

 associations between element concentrations and magnetic parameters (SIRM 

and χ) in the soil samples (Experiment 6); 

 distinguish associations between element concentrations and SIRM in leaf 

samples (Experiment 6); 

 associations between soil and leaf samples from the commercial and organic 

vineyards (Experiment 6); 
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 associations between magnetic parameters (SIRM and χ) in the leaf and RF 

(Experiment 6). 

Cluster Analysis (CA) was applied to assess groups between the bioavailable 

element fractions of macro and micro elements from soil to different grapevine parts 

(Experiment 1); 

Regression (R
2
) analysis was used to determine associations between the 

calculated BGI, BAC and BRAI (Experiment 3). The Multiple correlation coefficients R 

(z/xy) were determined for understanding the correlations between the element 

concentrations in the grapevine parts (Experiment 2). 

The Kohonen self-organising map (SOM) was applied in Experiment 5 as a 

method for the screening of the relation between the environmental implication indices 

between the organic and commercial (Experiments 3 and 5) vineyards. The SOM was 

introduced by Kohonen (1982, 1991) represents a type of neural networks method that 

provides a projection of multidimensional data into the nodes of a regular, usually two-

dimensional grid. The SOM algorithm constructs the neurons in such a way that more 

similar neurons are associated with nodes that are closer in the grid, whereas less similar 

neurons are situated gradually further away in the grid (Kohonen, 2013). SOM has been 

usually applied for the investigation, clustering and visualisation in the exploration of 

inorganic or organic pollutants (Mari et al., 2010; Deljanin et al., 2015; Herceg 

Romanić et al., 2018a, 2018b) implying relations between the element concentrations. 

In this doctoral dissertation, it was applied to distinguish differences between 

environmental implications. SOM was applied, using the R software environment for 

statistical computing (R Team, 2012), to investigate is there any common pattern among 

environmental risk indices between the studied vineyards. The SOM inputs were the 

values (N=150‒155) of each calculated index (6 in total) in the soil samples. The values 

of all of the used inputs were normalised to the range of 0−1. The following parameters 

were chosen: a number of neurons in the output layer (map) 36 (6×6), aiming for at least 

5−10 samples per node when choosing map size; hexagonal grid and iterations process 

was optimised until the distance from each node’s weights to the samples represented 

by that node reached a minimum plateau (Wehrens and Kruisselbrink, 2017). 
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3.5.1 Quality control and assurances 

The blank samples and certified reference materials (CRMs) were analysed once 

every 10 samples. Four CRMs: Montana II Soil (2711a), Sewage Sludge-Amended Soil 

(BCR 143R), Contaminated Brickworks Soil (ERM CC 135a) and Soil (SARM 42) 

were analysed to validate the pseudo-total protocol. According to the CRMs, the 

recovery for pseudo-total soil analysis of the elements was ranged between 80% and 

120%. For validation of the single extraction protocols, the calibrations were prepared 

using a low-level Elements Calibration Stock, EPA Method Standard (VHG Labs, 

Manchester) and for the preparation of the standard series for the calibration of every 

specific single extraction protocol, the matrix matching technique was applied to 

eliminate the problems related to the occurrence of the matrix effect during the 

determination of the element concentrations in the extracts. In addition, the results after 

the determination were selectively chosen firstly, according to Limits of the detection 

(LOD) of the method and secondly, according to Relative Standard Deviation 

(RSD˂20%) of three measurements of every sample. The LOD and limits of 

quantification (LOQ) of the methods are given in Tables 8.1.2, 8.1.3, 8.1.4 and 8.1.5, 

Appendix 1. Most of the samples were analysed in triplicates and according to results 

for these three analysed subsamples Standard Deviation and Relative Standard 

Deviation (RSD range: 0.4−32%) were calculated as one of the parameters important 

for the validation. In addition, for the single extraction protocols validation, BCR 483 

(Sewage Sludge-Amended Soil) CRM was also used. The element recoveries for 

elements in soil extracts are given in Table 8.1.6, Appendix 1. The recoveries of 

pseudo-total element content are given in Table 8.1.7, Appendix 1. For validation of the 

leaf, moss and grape sample protocols, the moss Pleurozium schreberi, MOSS2 (M2) 

and MOSS3 (M3), were used as CRMs (Steinnes, 1997). The recoveries are given in 

Table 8.1.8, Appendix 1. 

 

 

 

 



 
Material and methods 

 

54 
 

3.5.2 Environmental risk assessment 

The concentrations of Al, As, B, Ba, Be, Cd, Co, Cr, Cu, Fe, Pb, Sb, V and Zn 

were considered for assessing the environmental and health risk in the soil or grapevine 

samples. According to the literature, these elements have been recognised as PTEs (US 

EPA, 2007). The studied elements which were not considered in the calculations still do 

not have any known hazardous or toxic effects. 

Enrichment Factor (EF); Geochemical Index (Igeo), Bio-Geochemical Index 

(BGI), Contamination Factor (CF), Pollution Load Index (PLI), Environmental Risk 

(Eri and RI) and Bioavailability Risk Assessment Index (BRAI) for the soil samples 

were calculated (Table 3.3). BRAI was calculated for quantification of the 

bioavailability risk of PTEs from the vineyard soil according to the equation proposed 

by Jamshidi-Zanjani et al. (2015). This index was developed for element concentrations 

extracted by Na2EDTA, which have probable effect levels (PEL) published by NOAA 

(2004) and obtained BRAI was named BRAIprobable. In this doctoral dissertation this 

BRAI formula was adopted but also the new one was developed using apparent effects 

threshold values (AET) published by NOAA (2004) for a larger elements set and this 

BRAI was called BRAIapparent (Table 3.3). Additionally, both BRAI equations were 

modified including the elements extracted by CH3COOH (Experiment 3). 

Bioaccumulation of the elements in the grapes’ seed, pulp, skin and leaves were 

evaluated by calculation of biological absorption coefficient (BAC). Ratio factor (RF) 

of the concentrations between plant parts were estimated (Table 3.3) to assess the air 

influence on the outer parts of grapevine, which are directly exposed to air pollution. In 

addition, Limit of Quantification for moss bag technique (LOQT) and Relative 

Accumulation Factor (RAF) was calculated for moss bag samples to estimate the 

enrichment of PTEs in the moss material (Table 3.3). 
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Table 3.3 Equations for assessing environmental risk in the vineyards 

Environmental risk 
assessment equation 

Formula Description Range References Experiment 

soil samples 

EF 

EF=(Cn/Cref)sample/(Cn/Cref)backgroun

d 

Cn is the concentration of a metal element 
in soil and Cref is the concentration of 

reference element 

EF < 2 minimal enrichment 
2 ≤ EF < 5 moderate enrichment 

5 ≤ EF < 20 significant enrichment 
20 ≤ EF < 40 very high enrichment 
EF ≥ 40 extremely high enrichment 

Zhang and 
Liu, 2000; 

Chen et al., 
2015 

1 

Igeo Igeo=log2 [(Cn/1.5 x Bn)] 
Cn is the measured concentration of the 

metal n, Bn is the local background 
concentration of metal n 

Igeo ≤ 0 (grade 0), unpolluted; 0 < 

Igeo ≤ 1 (grade 1), slightly polluted; 
1 < Igeo ≤ 2 (grade 2), moderately 

polluted; 2< Igeo ≤ 3 (grade 3), 
moderately severely polluted; 3 < 

Igeo ≤ 4 (grade 4), severely polluted; 
4< Igeo ≤5 (grade 5), severely 

extremely polluted; Igeo > 5 (grade 
6), extremely polluted 

Yaquin et 
al., 2008; 

 Chen et al., 
2015 

 

1 

Mobility factor MF=Ce/Cp-t 
Cextracted 

Cpseudo-total 

Higher values indicate higher 

element mobility 

Katana et 

al., 2013 
1, 2, 3, 5 

Mobility factor % MF%= MF*100 
MF is mobility factor; MF% is mobility 

factor expressed in % 
Higher values indicate higher 

element mobility 
Katana et 
al., 2013 

1, 2, 3, 5 

Contamination factor 
(CF) 

          

Cn is an element's concentration and Bn 
is the initial (control) concentration of the 

metal in the soil 

CF≤1 low 
1≤CF≤3 moderate 

3≤CF≤6 considerably 
6≤CF very high contamination 

factor 

Likuku et 
al., 2013 

1, 2, 3, 5 

Pollution load index 
(PLI) 

PLI = (CF1 × CF2 × CF3 … × 
CFn)1/n 

CF is contamination factor; n=number of 
determined element concentrations 

PLI<1 not polluted 
PLI=1 baseline levels of pollution 
PLI>1 deterioration of site quality 

Likuku et 
al., 2013 

1, 5 

Ecological risk (RI) 
Eri=TR×CF 

RI=ƩEri 

CF is contamination factor; TR is toxic 
response factor defined for As, Cd, Cr, 

Cu, Ni, Pb and Zn with known values 10, 
30, 2, 5, 5, 5 and 1 respectively; Eri is the 
potential risk of element (i=As, Cd, Cr, 

Cu, Pb and Zn). RI is the sum of Eri 

(Eri) 

RI≤150 low 
150≤CF≤300 moderate 

300≤CF≤600 acceptable 
600≤CF very high 

Hakason, 
1980 

 
2, 5 
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Biogeochemical index 

(BGI) 

BGI= Osl/Asl 

BGI= Asl/Bsl 

Osl-element concentration in O soil layer 

Asl-element concentration in A soil layer 
Bsl- element concentration in B soil layer 

BGI>1 indicate sorption of the 

elements in surface or topsoil layer 
(O or A) 

Jamshidi-

Zanjani et 
al., 2015 

 

3, 5 

Bioavailability risk 
assessment index 

(BRAIprobable) 

BRAI=ƩBdi (i=1 to n)/ƩTEi 
(i=1 to n) 

n is the number of the PTE, TE is the 
toxic effect of the PTE (As, Cd, Cr, Cu, 
Ni, Pb and Zn) derived from the effect 
range median (ERM) values, calculated 

using probable effect levels (PEL) 
published by NOAA (2004). 

BRAI ≤1 low risk of bioavailability 
1< BRAI ≤3 medium risk of 

bioavailability 
3< BRAI ≤5 high risk of 

bioavailability 
BRAI >5 very high risk of 

bioavailability 

Long et al., 
1995; 

NOAA, 
2004 

Jamshidi-

Zanjani et 
al. 2015 

 

3, 5 

Bioavailability risk 
assessment index 

(BRAIapparent) 

BRAI=ƩBdi (i=1 to n)/ƩTEi 
(i=1 to n) 

n is the number of the PTE, TE is the 

toxic effect of the PTE (As, Cd, Co, Cr, 
Cu, Mn, Ni, Pb, V and Zn) derived from 
the effect range median (ERM) values, 
calculated using probable effect levels 

(AET) published by NOAA (2004). 

BRAI ≤1 low risk of bioavailability 
1< BRAI ≤3 medium risk of 

bioavailability 
3< BRAI ≤5 high risk of 

bioavailability 

BRAI >5 very high risk of 
bioavailability 

 3, 5 

soil-leaf system 

Bioaccumulation factor 
(BAC) 

BAC=Cp/Cs 

Cp is the element concentration in 
different grapevine parts and Cs is the 

concentration of the same element in the 
soil sample from the same sampling site 

The values BAC > 1 then the plants 
could be accumulators; 

BAC = 1 there are no influences of 
the soil and if the BAC < 1 means 
that the plant can be an excluder 

Radulescu 
et al., 2013. 
Bravo et al., 

2017 

1, 2, 3 5 

air-plant 

Ratio factor (RF) 

RF = Cleaf/Cseed 
RF = Cleaf/Cpulp 
RF = Cskin/Cseed 
RF = Cskin/Cpulp 

RF = Cpetiole/Cseed 
RF = Cpetiole/Cpulp 

 

Cleaf- concentration in the leaf sample 
Cseed-concentration in the seed sample 
Cskin-concentration in the skin sample 
Cpulp-concentration in the pulp sample 

Cpetiole-concentration in the petiole sample 

where RF>1 indicates pollution via 
the atmosphere 

Oliva and 
Mingorance, 

2006 
2, 5, 6 

Limit of quantification 
for moss bag method 

(LOQT) 
LOQT= M + 1.96 × SD 

M is the mean value of the initial element 
concentration in the unexposed moss, and 
SD the corresponding standard deviation 

 
Ares et al., 

2015 
4, 5 

Relative accumulation 
factor (RAF) 

RAF = (Cexposed - Cinitial) / Cinitial  
Higher values indicate higher 

element enrichment 
Ares et al., 

2015 
4, 5 
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3.5.3 Health risk assessment 

To simulate exposure of the field workers as similar to the real working 

conditions, it is important to set a site-specific exposure scenario, including site-specific 

environmental and exposure parameters, which matched the local lifestyle (Table 3.4). 

For indicating the health risk assessment in the vineyard studies, the worst-case scenario 

was observed. Among the measured elements, those that have toxicological reference 

values such as Reference Dose (RfD), Reference Concentration (RfC), Cancer Slope 

Factor (CSF), and Inhalation Unit Risk (IUR) were used for calculating health risk 

assessments. Applying the equations available at The Risk Assessment Information 

System, RAIS (RAIS, 2013), the potential (non-carcinogenic) and carcinogenic risks 

were calculated for the farmer’s exposure to the soil during grapevine season: given as 

calculation for non-carcinogenic and carcinogenic risk assessment for outdoor workers 

(RAIS, 2013). 

In this study, the total Cr content was determined, and a worst-case scenario of 

health risk assessments was calculated using the concentration of total Cr as Cr
6+

. The 

estimated Daily Intake Rate (DIR), Target Hazard Quotient (THQ), Hazard Index (HI) 

and Target Cancer Risk (TR) values of PTEs via consumption (mg kg
–1

 day
–1

) of the 

grape and wine were calculated applying the equations (RAIS, 2013). For calculation of 

carcinogenic risk for grapevine consumers, the adjustable formula has been used (RAIS, 

2013) (Table 3.4). 
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Table 3.4 Equations for the health risk assessment for the field workes and the grapevine consumers 

Health risk assessment 

Formula Description 

Health risk for workers 

CDIo = 
                   

     
 

CDIi = 
           

 

   

  
 

CDId = 
                     

     
 

      
     

   
 

            

       
       

   
 

               

      
     

           
 

         
   

     
 

HI = ΣHQ 

CDIo–chronic daily intake. oral exposure (mg kg-1day-1); 
CDIi –chronic daily intake. inhalation exposure (mg m-3); 
CDId –chronic daily intake. dermal exposure (mg kg-

1day-1); 
C – concentration of an element in soil (mg kg-1); 
IR – ingestion rate (100 mg kg-1); 

EF – exposure frequency (214 day year-1); 
ED –exposure duration (35 years); 
RBA – relative bioavailable factor (for Аѕ is 0.6.and for 
other elements. it is 1); 
BW –body weight of workers in the vineyard (80 kg); 
AT –average exposuretime(365 day year-1; 35 years for 
non-carcinogenic and 365 day year-1; 70 years for 
carcinogenic); 

PEF –particulate Emission Factor (1.4×109m3 kg-1); 
ЕТ – exposure time (8 h day-1) ; ЅА – surface area (3527 
cm2day-1); 
AF –adherence factor (0.12 mg cm-2); 
АВЅ –fraction of contaminant absorbed dermally from 
soil; 
CF – conversion factor (1×10-6 kg mg-1). 
 
RfD – reference dose for ingestion exposure (mg kg-1day-

1); 
RfС –reference dose for inhalation exposure (mg m-3); 
CSF – cancer slope factor (kg day mg-1); 
IUR – inhalation unit risk (m3 mg-1); 
GIABS – Gastro Intestinal Absorption Factor. 
 

Health risk for grape consumers 

 

DIR=
     

  

 

THQ=
           

          
 

ΣHI=THQ1+THQ2+….+THQn 

     
             

   
 

 

      
                        

       

 
                                 

       
 

 
MC−concentration of potentially toxic elements in the 
fruits (mg kg–1); 
IR−the ingestion rate of the fruits (0.1768 kg day–1 for 
adults and 0.0681 kg day-1 for children); 
BW −the average adult body weight (adults 80 kg and 
children15 kg); 
EF−exposure frequency(365days year-1); 

ED−exposure duration (40 for adults and 6 for children); 
RfD−the reference dose of individual metal (mgkg-1day-

1);  
Atn/ATc−average exposure time for 
noncarcinogens/carcinogenic worst-case(365 days year-1 
×ED); 
CPSo−carcinogenic potency slope oral Iadj 
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4 Set up, specific aims and novelty of the experiments 

4.1 Experiment 1: Pilot soil study in the experimental vineyard 

For the first time, the extraction using deionised H2O during 16 h was performed 

as an alternative single extraction procedure. In this experiment, six single extractions 

procedures (Table 3.1) and pseudo-total digestion were used for PTEs (major and trace 

elements) isolation from the vineyard topsoil (0–30 cm), sampled from nine parcels in 

the experimental vineyard. The aims of the experiment were to assess: i) which single 

extraction procedure is the most suitable for PTEs (major and trace elements) extraction 

from the topsoil, with special attention to the deionised H2O 16 h, as an alternative 

procedure; ii) whether concentrations of major and trace elements in the soil are in a 

relationship with their concentrations in the grapevine parts (leaf, seed, pulp and skin); 

and iii) environmental implications (MF%, Igeo and EF) of PTEs in the vineyard soil. 

4.2 Experiment 2: Bioavailability of PTEs from soil to the different grapevine parts 

(seed, pulp, skin and leaves) in the harvest phase; environmental implications and 

health risk assessment in the commercial vineyard 

In this comprehensive study, six single extraction procedures were applied 

(Table 3.1) on the topsoil (0−30 cm) and subsoil (30−60) (A and B horisons, 

respectively) (Figure 2.5) from a commercial vineyard area for assessing bioavailability 

of the PTEs from the soil to different grapevine parts (leaf, skin, pulp and seed). The 

main aim of this experiment was to assess the bioavailability of PTEs from topsoil 

(0−30 cm, B horison) and subsoil (30−60 cm, C horison) to different grapevine parts by 

simultaneously testing six single extraction procedures (CH3COOH, Na2EDTA, CaCl2, 

NH4NO3 and deionised H2O during 2 h and 16 h). In addition, the environmental 

implications (CF, PLI, MF%, BAC, RF) were observed in the commercial vineyard 

ambient (Table 3.3). According to the measured PTE concentrations, health risk 

implications (HI and R) were estimated for field workers in the vineyard, consumers 

of the grapevine (adults and children) and the wine (adults). 

4.3 Experiment 3: An integrated approach to the investigation of temporal 

variations of the ambient pollution through entire grapevine season (from April to 

August) in the commercial vineyard 

According to the available literature, there were only several studies comparing 

different single soil extraction procedures in a vineyard (Rao et al., 2010; Vystavna et 
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al., 2014; Vázquez Vázquez et al., 2016). A comprehensive study applying multivariate 

and correlation analyses of the calculated environmental implications indices (MF%, 

CF, BGI, Eri, RI, BRAIprobable, BRAIapparent, modify BRAIprobable, modify BRAIapparent, 

BAC) was performed in the commercial vineyard in Serbia with the aim of assessing the 

bioavailability of the target PTEs. In addition, some equations of indices such as BRAI 

were calculated using more comprehensive PTEs set, and the existing BRAIprobable were 

compared with new developed BRAIapparent. Moreover, for assessing the BRAI beside 

using concentrations of the PTEs extracted with Na2EDTA, also concentrations 

extracted with CH3COOH were used for the modify BRAIprobable and BRAIapparent 

calculations. Specifically, the aims of this experiment were: i) to determine temporal 

fluctuations of environmental pollution by PTEs affecting the vineyard ambient through 

the entire grapevine season based on environmental implications assessment; ii) 

assessing the bioavailability of PTEs which showed up as pollutants of the outmost 

importance in the vineyard. 

4.4 Experiment 4: Moss bag biomonitoring of air pollution in the commercial 

vineyard ambient 

This experiment represents a contribution to the moss bag methodology because 

there was no any study before performed specifically in the vineyards, and there were 

only a few studies in the agricultural areas, as previously mentioned. Additionally, in 

this experiment the grapevine leaves investigated in the Experiments 2 and 3 were 

compared to the mosses in order to investigate could the grapevine leaves bioindicate 

air quality in the vineyard ambient. The active moss biomonitoring survey was 

conducted in the commercial vineyard through the whole grapevine season. Two moss 

species (S. girgensohnii and H. cupressiforme) were exposed in the bags for 2, 4 and 6 

month periods. According to the previous studies performed in the urban area (Aničić et 

al., 2009c), the 2-month period should be appropriate for the reliable “signal” of the 

PTEs, even REEs, in the exposed mosses. However, in an agricultural (vineyard) 

ambient, this exposure period might be insufficient, and thus, it was of interest to test a 

prolonged period of the moss exposure (e.g. 4 and 6 months). Six-month bag exposure 

covers whole grapevine season and could be of interest for intercomparison of air 

pollution between different vineyards. Specifically, there were five different periods of 

the moss bag exposure in the vineyard: three 2-month periods (1M2: March 20
th

 – May 
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20
th

; 2M2: May 20
th
 – July 20

th
; 3M2: July 20

th
 – September 20

th
); one 4-month (M4: 

March 20
th

 – July 20
th

) and one 6-month period (M6: March 20
th
 – September 20

th
). 

4.5 Experiment 5: The first study of the PTE environmental implications in the 

soil-grapevine-air system performed in the organic vineyard ambient 

Nowadays, organic viticulture has been increasingly fostered since it is 

considered to have more positive impacts on the environment and human health. The 

main reason for the encouragement lies in more comprehensive grapevine growth 

without or with minor agrochemicals application, with the possible use of compost and 

manure, and the lifting of trees and shrubs as a common native barrier to the penetration 

of possible pollutants. Thus, the aims of this experiment were to: i) estimate if the soil, 

the grapevine and the air in the organic vineyard are less polluted by the PTEs than in 

other (experimental or commercial vineyards; ii) assess which of nine applied single 

extraction procedures (Table 3.1) are most suitable for assessing the PTEs mobility 

from the soil; iii) to assess environmental and human health risks by applying various 

environmental implication indices and health risk assessment equations (Tables 3.3 and 

3.4). 

4.6 Experiment 6: Magnetic parameters as a proxy for the pollution assessment in 

the commercial and organic vineyards in comparison to total and pseudo-total 

PTE content 

The goal of this experiment was to estimate could screening methods (such as 

WD-XRF and magnetic measurements) as cost-effective, easier and faster than 

destructive methods indicate the ambient pollution in the commercial and the organic 

vineyards. The magnetic PM of leaves (indicators for current pollution) and topsoil 

(indicator for the geogenic magnetic PM in soil or some historical pollution by the 

magnetic PM) from two vineyards were investigated. The main aim of this experiment 

was to assess could the magnetic parameters such as saturation isothermal remanent 

magnetisation (SIRM) and magnetic susceptibility (χ) be a proxy for the ambient 

pollution by magnetic PM and PTEs in the vineyards. 
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5 Results and discussion 

5.1 Experiment 1: A pilot study investigating PTEs (macro and trace elements) 

influence on soil and grapevine 

5.1.1. Single extraction procedures and pseudo-total digestion for assessing element 

mobility in the soil from the experimental vineyard 

The acidity of the soil samples was ranged from 4.84 to 8.05 in H2O solution and 

from 3.85 to 7.07 in KCl solution. It could be noticed that the soil from the experimental 

vineyard varied from weakly acidic to weakly alkaline. The obtained pH values in the soil 

samples could have an influence to the element mobility, as indicated in Table 2.2, and 

bioavailability and pH also could influence the PTEs toxicity to plants (Kabata-Pendias 

and Mukherjee, 2007; Bravo et al., 2017). 

Among the tested agents, aqua regia was shown as the most aggressive among the 

tested agents for the element extraction which isolated the highest element concentrations 

from the soil (Figure 8.2.1, Appendix 2). In addition, CH3COOH and Na2EDTA were 

also proven to be aggressive extractants, which could be applied for the extraction of 

higher element concentrations from the soil rather than CaCl2, NH4NO3 and deionised 

H2O, (Table 8.2.1, Figure 8.2.1, Appendix 2). The acidity of CH3COOH could enhance 

carbonates destruction releasing PTEs associated with carbonates and efficiently extract 

the mobile PTEs fraction from the soil. 

For assessment the total extractable S, aqua regia and CH3COOH were the most 

effective. The conditions of high pressure and acidity may influence the loss of organic S 

during aqua regia digestion. The concentrations of S (12–18 mg kg
-1

) extracted by CaCl2 

in this experiment were comparable with corresponding studies (e.g. Hu et al., 2005). 

Based on the extracted concentrations of macro elements in this experiment (Figure 8.2.1, 

Appendix 2) and MF%, the similarity in extraction strengths was observed between CaCl2 

and deionised H2O (during 16 h and 2 h). In addition, there was a similarity in capacity to 

extract the trace elements using deionised H2O during 16 h and 2 h (Figure 8.2.1, 

Appendix 2). 

The highest concentrations of the measured elements (except S) were extracted 

from the soil samples by pseudo-total digestion using aqua regia. The concentrations of 

Cu (93–118 mg kg
-1

) and Cd (3.6–4.3 mg kg
-1

)
 
from this experiment were comparable 

with data obtained for the agricultural soils which were also treated by fertilisers and 
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pesticides (Pueyo et al., 2004; Meers et al., 2007; Kelepertzis et al., 2015). The pseudo-

total Cu concentrations in the soil samples were higher than maximum allowable 

concentration (MAC) (100 mg kg
-1

) prescribed by the national and international 

regulations (Official Gazette, Republic of Serbia 88/2010; EU Council Directive 

86/278/EEC) (Table  8.2.1, Appendix 2). In addition, the concentration of Pb measured 

in the soil sample only from the parcel T6 was higher than the MAC. Higher Cu 

concentrations in soil could imply Cu origin from Cu-based fungicides used for treating 

grapevine whereas a high concentration of Pb could be explained by the proximity of 

the main road near the parcel T6 (Figure 8.2.1, Appendix 2). 

Among the PTE concentrations measured in the soil extracts and calculated MF%, 

the lowest element concentrations were extracted by weak salt solutions NH4NO3 and 

CaCl2 (Table 8.2.1, Figure 8.2.1, Appendix 2). The concentrations of Ni (0.02–0.27 mg 

kg
-1

) and Pb (0.7–9.4 µg kg
-1

) extracted by NH4NO3 (Table 8.2.1, Appendix 2) were 

comparable with the concentrations reported by Pinto et al. (2015). Higher K and Mn 

concentrations were extracted by NH4NO3, than by CaCl2, which was also comparable 

with reports from some other studies (Pueyo et al., 2004). These two unbuffered weak 

salt solutions simulate natural soil solutions, and because of this property, they are 

involved in some regulations for evaluation of the ecological relevance of elements 

(Kabata‒Pendias and Pendias, 2001). The Ni concentrations (0.02−0.27 mg kg
-1

) 

extracted by CaCl2 were comparable with the concentrations reported by Bakircioglu et 

al. (2011). Thus, weak diluted salt solutions NH4NO3 and CaCl2 could only be used as 

extractants for PTEs presented in the exchangeable soil phase and water-soluble phase 

(Pinto et al., 2015). The concentrations of Cu (0.9–1.8 mg kg
-1

, 4.1–27 mg kg
-1

) 

extracted with deionised H2O during 2 h in this experiment (Table 8.2.1, Appendix 2) 

were comparable with concentrations reported by Bakircioglu et al., (2011). In addition, 

the Zn concentrations (0.2–0.9 mg kg
-1

) extracted with deionised H2O 2 h (Table 8.2.1, 

Appendix 2) were comparable with concentrations reported by Niesiobedzka (2016). 

Considering other applied single extraction procedures, the highest Al, Mo, Na, P, 

S and Si concentrations were extracted by weak acid CH3COOH, since it is more 

aggressive extractant than other applied in this experiment, which could isolate PTEs 

from the plant rhizosphere. The chelating agent, Na2EDTA, extracted the highest PTE 

concentrations of a potentially mobile fraction of soil (Cd, Co, Cu, Fe, K, Mn, Ni, Pb, V 
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and Zn). The concentrations of: Cd (0.03–0.16mg kg
-1

), Cr (0.001–0.09 mg kg
-1

), Ni 

(0.3–3.0 mg kg
-1

), Pb (1.3–4.4 mg kg
-1

) and Zn (0.8–5.3 mg kg
-1

) measured in the soil 

extracts isolated by Na2EDTA were comparable with the concentrations reported by 

McGrath (1996). In addition, the similar Pb concentrations (0.02–0.09 mg kg
-1

, 1.3–4.4 

mg kg
-1

) extracted with Na2EDTA (Table 8.2.1, Figure 8.2.1, Appendix 2) were reported 

by Bakircioglu et al. (2011). 

In this experiment multivariate analysis was applied to obtain PTEs association in 

different soil extracts (Figure 5.5.1). According to the PCA, the significant (p<0.05) 

element associations could indicate their common agro-chemical origin, but also similar 

plant uptake mechanism from the soil (Kabata‒Pendias & Pendias, 2001; Buccolieri et 

al., 2010; Vystavna et al., 2015). The most significant association (p<0.05) was obtained 

between Cu, S and Zn concentrations in deionised H2O 16 h soil extract (Figure 5.1.1b). 

Applying Na2EDTA and CH3COOH single extraction procedures, the significant 

(p<0.05) associations were obtained between Cu and Zn concentrations in the soil 

extracts (Figure 5.1.1e,f). Between Cu and S concentrations extracted with deionised H2O 

16 h, CaCl2 and NH4NO3 the significant (p<0.05) associations were also established 

(Figure 5.1.1b,c,d). These elements could enter through the soil surface layer (O horison) 

(Figure 2.5), while grapevines were foliar treated with fungicide, Cu(II)-sulphate. In 

addition, the S concentrations, extracted with deionised H2O during 16 h, were associated 

with Mn and Na concentrations. The associations between these elements point to their 

origin from the fertilisers or pesticides which are usually applied in an agriculture 

production (Kabata‒Pendias and Pendias, 2001). Contrary, not observed any 

associations between Cu concentration and the other elements in soil extract after 2 h 

deionised H2O extraction indicate that 2 h was probably not enough for this soil type to 

obtain the balance between solubility and sorption on the substrate matrix. 
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Figure 5.1.1 PCA between the element concentrations (mg kg-1) extracted by; a) 2 h H2O; b) 16 h H2O; c) 

CaCl2; d) NH4NO3; e) Na2EDTA and f) CH3COOH single-extraction procedures (adopted and modify from 

Milićević et al., 2017a). 
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5.1.2 Plant‒soil system: assessment of the most suitable single extraction procedure for 

extracting bioavailable PTEs (macro- and micro elements) from the vineyard soil 

Observing the measured PTE concentrations in the investigated grapevine parts 

(seed, pulp, skin and leaf), the highest concentrations of Cd, Cr, Cu, Ni, Pb and Zn were 

observed in the grapevine leaf samples (Table 8.2.2, Appendix 2). One of the most 

important nutrients, K, which is essential for grapevine growth, was measured in the 

highest concentrations among the measured element concentrations in all grapevine 

parts. The highest Ni concentration (52 mg kg
-1

) was measured in the skin of Prokupac 

variety, planted on the parcel T4 that is located 1.5 km away from the waste disposal 

area of Institute of Nuclear Science “Vinča” (personal communication, 2014) (Figure 

3.2). Contrary, much lower Ni concentration (0.12 mg kg
-1

) was obtained in Cabernet 

sauvignon skin collected from the same parcel T4. The concentrations of Ni in all 

grapevine parts and varieties varied from 0.41 to 1.44 mg kg
-1

 with the exception of the 

concentration in Prokupac skin (Table 8.2.2, Appendix 2). Finally, Ni concentrations in 

all grapevine parts were below the range of excessive or toxic levels, which in the most 

plant varieties vary from 10 to 1000 mg kg
-1

 (Kabata ‒ Pendias and Mukherjee, 2007). 

The Cu concentrations in the grapevine leaf samples ranged from 29 to 170 mg kg
-1 

(Table 8.2.2, Appendix 2). In all investigated grapevine parts, Pb concentrations were 

low (Table 8.2.2, Appendix 2). Low Pb concentrations were especially measured in the 

leaf (0.02 mg kg
-1

) and the seed (0.02 mg kg
-1

) of Cabernet franc, planted on the parcel 

T6 while its concentration in soil was very high 226 mg kg
-1

. From the soil, Pb can only 

passively be adsorbed by the roots (Kabata- Pendias and Mukherjee, 2007), and thus, its 

plant uptake from the soil is generally very low (Table 8.2.2, Appendix 2). Finally, it 

seems that this variety is not hyper-accumulator of PTEs from the soil. 

Similarities among PTE concentrations measured in the seed, pulp, skin and leaf 

were observed using PCA. Plot scores 1 and 2 were isolated and the leaf samples of all 

varieties were grouped (Figure 5.1.2), except Prokupac variety. The skin (PS) and leaf 

(PL) samples of Prokupac variety were distant from the skin and leaf samples of the other 

investigated varieties (Figure 5.1.2). Prokupac is grown on the parcel T4. Thus, the air-

exposed grapevine parts (e.g. leaves and skin) in this parcel, distinguish from other parts 

probably because of the higher influence of Ni concentrations. Thus, the air-exposed 

Prokupac parts could indicate the influence of some PTEs from the air. 
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Figure 5.1.2 PCA analysis of element concentrations (mg kg-1) in the grapevine parts of seven investigated 

varieties (adopted and modify from Milićević et al., 2017a). 

 

The bioavailable major elements fraction (Al, Fe and K) extracted from the soil 

using CH3COOH, CaCl2, NH4NO3, Na2EDTA, deionised H2O 2 h and 16 h were 

separated as the individual cluster (Figure 5.1.3a). Moreover, according to the high 

Euclidian distances, the aqua regia was distinguished from all other investigated 

extractants (Figure 5.1.3a), probably because it isolated the highest pseudo-total element 

concentrations from the soil. Deionised H2O extracted bioavailable trace element 

concentrations which were significantly (p<0.05) grouped with trace element 

concentrations in the grape seed and the grape pulp (Figure 5.1.3b). The weak salt 

solutions CaCl2 and NH4NO3, complexing agent Na2EDTA and weak acid solution 

CH3COOH, enabled the extraction of trace elements from the soil which were in relation 

with trace elements in the grape skin (Figure 5.1.3b). Finally, according to the obtained 

dendrogram, the aqua regia showed as efficiently agent for isolating the trace element 

concentrations that associate with trace element concentrations measured in the 

grapevine leaves (Figure 5.1.3b). Thus, bioavailable element fractions have an influence 

on the trace element concentrations in the grape seed and pulp (inner grapevine parts), but 

not in leaves because these elements in the leaves could originate both from air deposition 

and be uptaken from the soil. 
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Figure 5.1.3 The clusters of bioavailable a) major and b) trace element concentrations (mg kg-1) extracted by 

different extractants from soil and concentrations obtained in grapevine parts (abbreviations are presented in 

*Table 8.2.2, Appendix 2) (grey circled cluster represents the association between elements extracted from 

soil by H2O and obtained concentrations in seed; red circled cluster represents the association between 

elements extracted from soil by weak salt, solutions, weak acid and chelating agent with obtained 

concentrations in pulp and skin; and  red circled cluster represents the association between pseudo-total 

element concentrations in soil with those concentrations obtained in leaves) (adopted and modify from 

Milićević et al., 2017a). 
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5.1.3 Environmental implications assessment in the experimental vineyard 

5.1.3.1 Soil 

The obtained CF values showed that the concentrations of Zn in the soil samples 

collected from the parcels T4 and T5 were referred to moderate contaminated (CF˃1), 

and from the parcel T6, CF for Pb was significantly higher than 1 (27.3) (Table 8.2.3, 

Appendix 2). Thus, CF for T6 parcel indicates very high soil contamination (CF˃6) 

(Matong et al, 2016). The higher CF could be explained by the pollution originating 

from traffic activities from the nearby main road. In addition, increased CF values 

(Table 8.2.3, Appendix 2) obtained for the soil from parcels T4 (Cd, Co, Cu, Zn) and T5 

(Cd, Co, Cr, Cu, Mo, V, Zn), could be a consequence of the influence of air pollutant 

deposition originating from the waste disposal area of Institute of nuclear research 

“Vinča” (personal communication, 2014). Finally, the calculated PLI values slightly 

higher than 1 were only obtained for the parcel T6 (Figure 3.2) (PLI=1.16) (Table 8.2.3, 

Appendix 2). 

According to obtained Igeo for soil in the parcel T6 for Pb was in grade 5 (4.2), 

that indicated the parcel T6 as severely to extremely polluted. Observing the EF values 

(using Al as soil background element), the most obtained EF values were ranged 

1<EF<2. According to EFs, it could be noticed that for most of the investigated parcels 

enrichment values were minimal to moderate, except EF calculated for Pb in the parcel 

T6 (Table 8.2.4, Appendix 2). Thus, there were probably the strong Pb anthropogenic 

influences on the soil. In addition, there was also the influence of Ni concentration on 

the parcel T6 and influence of Zn concentration to the parcel T4 (Table 8.2.4, Appendix 

2). 

All the above calculated and explained environmental implication indices imply 

that only for the parcel T6 there were high environmental pollution implications caused 

by PTEs (mostly Pb) and moderate environmental implications were identified for the 

parcels T4, T5, T10 and P (Figure 3.2) (Table 8.2.3, 8.2.4, Appendix 2). 
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5.1.3.2 Grapevine 

The obtained BAC of Al, Cd, Cr, Cu, Fe, K, Ni, Pb and Zn for all investigated 

grapevine parts were calculated (Table 8.2.5, Appendix 2). According to the calculated 

BAC values, it could be noticed that the leaves of Riesling rain (1.77), Riesling italian 

(1.66), Cabernet sauvignon (1.36) and Cabernet franc (1.38; 1.82) could be considered 

as potential Zn accumulators from the soil. In addition, the leaves of Riesling rain 

(1.19), Burgundy (1.02) and Riesling italian (1.66) could be observed an accumulator of 

Cu from the soil. The skin of variety Prokupac (4.89) was shown as a markedly plant 

accumulator of Ni from the soil (Table 8.2.5, Appendix 2). 

The results from Experiment 1 have been published in the international journal 

Chemosphere (Manuscript: Assessment of major and trace element bioavailability in 

vineyard soil applying different single extraction procedures and pseudo-total digestion; 

Milićević et al., 2017a). After this pilot experiment, the extension of the investigation of 

mobility and bioavailability specifically for each measured element from soil to different 

grapevine parts (seed, pulp, skin and leaf) were assessed in the commercial vineyard 

during the grapevine harvest, and also the whole berries and wine prepared from these 

grape berries were analysed. In addition, the comprehensive assessment of the 

environmental and health risk in the commercial vineyard was done by combining various 

equations for environmental risk assessment and equations available at The Risk 

Assessment Information System, RAIS (RAIS, 2013) for human (field workers and 

grapevine and wine consumers) health risk assessment. 
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5.2 Experiment 2: Bioavailability of PTEs in the soil–grapevine (leaf, skin, pulp 

and seed) system accompanied by environmental implications and health risk 

assessment in the commercial vineyard 

5.2.1 Element concentrations in the soil−grapevine system 

5.2.1.1 PTE concentrations in the soil 

The elements highlighted as PTEs (listed in the section 3.5.2: Al, As, B, Ba, Be, 

Cd, Co, Cr, Cu, Fe, Pb, Sb, V and Zn) for plants and humans are of the major interest 

for bioavailability studies (US EPA, 2007), and that set of the PTEs will be further 

discussed with special attention. For a better understanding, the bioavailability 

phenomenon regarding PTEs, the soil physicochemical parameters were measured in the 

studied samples. Across the vineyard parcels, the acidity of the soil samples ranged from 

7.06 to 7.88 (pH H2O), from 6.33 to 6.92 (pH KCl) and from 6.53 to 7.06 (pH CaCl2). 

The analysed soil samples were low–acid to neutral and with low soil organic matter 

(OM) content (ranged from 0.48% to 0.95%) that is in accordance with the allegations 

published by Ninkov et al. (2014). The vineyard soil was alluvial colluvial (Coluvic 

Regosol), very carbonated, sandy clay and poorly humus soil (Ninkov et al., 2014). 

Between the studied vineyard parcels, the element concentrations in the soil did 

not significantly (p<0.05) vary. Unlike, according to the Wilcoxon test, there were 

statistically significant (p<0.05) differences between the topsoil (A horison) and subsoil 

(B horison) layers for Al, As, Ba, Cd, Cr, Cu, K, Li, Ni, Pb, Sb, Sr and V concentrations 

(Figure 5.2.1), but not for B, Be, Ca, Co, Fe, Mg, Mn, Na and Zn concentrations. For 

the PTEs that showed significant difference between the soil layers, the bioavailability 

to the grapevine parts was considered separately for both layers (A and B). 

In the national and international regulations prescribed for the soil, the MACs 

are prescribed only for a non-comprehensive set of PTEs (As, B, Cd, Cr, Cu, Ni, Pb and 

Zn). The investigated vineyard soil was prominently polluted by Cd, Cr and Ni 

concentrations (Table 8.3.1, Appendix 3; Figure 5.2.1). The Cr and Ni concentrations 

were above the MAC (Official Gazette, Republic of Serbia 88/2010) in both the topsoil 

and the subsoil samples (Table 8.3.1, Appendix 3; Figure 5.2.1). Chromium and Ni 

usually originate from the parent substrate (C horison) on which the soil was formed 

(Figure 2.5). According to the Geochemical Atlas of Europe (Salminen et al., 2005), 
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there are naturally elevated concentrations of Cr and Ni in the soil of the Balkan 

Peninsula. However, in the topsoil samples, the concentrations of Cr and Ni did not 

have any significant correlation with the Fe concentration, which is a typical geogenic 

constituent. Otherwise, in the subsoil samples, a significant correlation was observed 

between Fe and Cr concentrations (Table 8.3.2, Appendix 3). Generally, Cr mobility in 

soil depends on the sorption characteristics which strongly dependent on iron 

(hydro)oxide content, supported with an adequate pH value and OM content in the soil 

(Wuana and Okieimen, 2011). Chromium is a generally low mobile element, especially 

under moderately oxidising and reducing conditions and near-neutral pH values 

(Kabata‒Pendias and Mukherjee, 2007). Accordingly, in the studied vineyard topsoil, 

with near-neutral pH, low OM and the absence of any correlation with Fe concentration, 

the Cr concentration could originate from the agrochemicals (e.g. phosphate fertilisers 

or pesticides) or the proximity of anthropogenic sources (foundry or traffic activities) 

(Kabata‒Pendias and Mukherjee, 2007). The concentrations of Cr in this study were 

several times higher in comparison to the Cr concentrations measured in the local 

background soil sample, and also the concentration was multiple higher than Cr 

measured in the vineyard soil in Spain (3.13–4.94 mg kg
-1

), reported by Vázquez 

Vázquez et al. (2016). Beside the high concentrations of Cr and Ni in the studied topsoil 

and subsoil could be caused by certain (dominant) portion of the elements originated by 

geogenic background and certain portion originated from anthropogenic pollution 

(agrochemicals or surrounding foundry). Correlations between Cr and Ni concentrations 

in the topsoil and in the subsoil were very high (R=0.94; R=0.87, respectively, p˂0.01; 

Table 8.3.2, Appendix 3) that could indicate that these elements probably originate from 

the same source or show similar behaviour in the soil. 

In the topsoil, obtained Cd concentrations were higher than the MAC (Official 

Gazette, Republic of Serbia 88/2010), unlike the concentrations measured in the subsoil 

(Figure 5.2.1). As it is well known, Cd is one of the most toxic elements which could 

affect all biological processes in humans, animals and plants, as well as food quality. It 

could originate from P-fertiliser application, which can cause multiple increases of the 

Cd concentration in the agricultural soils (Kabata‒Pendias and Mukherjee, 2007). 
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Figure 5.2.1 The concentrations (mg kg-1) of PTEs in the topsoil (0–30 cm) and subsoil (30–60 cm) layers¸ the red lines represent MAC (mg kg-1) for elements in the 

soil prescribed by the Official Gazette of Republic of Serbia; the middle line of the box represents the median value, top and bottom represent first and third quartiles 

and whiskers represent maximum and minimum of measured concentrations; “°” represent outliers and “*” represent extremes (Milićević et al., 2018a). 
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The soils in vineyards are commonly polluted by Cu, sometimes up to several 

times higher than the MAC, because of the historically frequent application of Cu-based 

fungicides (Duplay et al., 2014). Surprisingly, the concentrations of Cu in the soil were 

lower than the MAC (Official Gazette, Republic of Serbia 88/2010) in the investigated 

commercial vineyard. Moreover, the concentrations of Cu (0−30 cm: 38−83 mg kg
-1

; 

30−60 cm: 27−90 mg kg
-1

) obtained in the investigated soil were in the same range as 

those obtained in Experiment 1 (93–118 mg kg
-1

) conducted in an experimental 

vineyard (Milićević et al., 2017a). However, Cu concentrations in the topsoil in this 

experiment were higher than the concentrations recently reported for the vineyards in 

Ukraine (Cu: 25 mg kg
-1

) (Vystavna et al., 2014). In the subsoil, the Cu and Zn 

concentrations significantly correlated (R=0.48, p<0.05; Table 8.3.2, Appendix 3) while 

there was no observed correlation between their concentrations in the topsoil. This 

significant (p<0.05) correlation between Cu and Zn can be confirmed by the hypothesis 

that Cu and Zn originate from the same source (the frequent application of 

agrochemicals) reported by Komárek et al. (2010) or can be confirmed by their 

historical accumulation in deeper soil layer. 

Observing the obtained concentrations, Sb and V concentrations were higher in 

the subsoil than in the topsoil (Table 8.3.1, Appendix 3; Figure 5.2.1). In the both 

studied soil layers (A and B), the concentration of V was strongly correlated with Al 

concentration (0−30 cm: R=0.85, p<0.01; 30−60 cm: R=0.63, p<0.01; Table 8.3.2, 

Appendix 3). Aluminosilicates and Al and Fe (hydro)oxides represent the soil 

constituents of the major importance for V mobility and bioavailability from soil 

(Larsson et al., 2013), so it seems that V in investigated soil in this experiment had 

mostly a geogenic origin. The Sb concentration was significantly correlated with the 

concentrations of B, Cr and Ni in both investigated soil layers, while in the subsoil, Sb 

was correlated with Al and Fe concentrations (Table 8.3.2, Appendix 3). Thus, the 

significant correlations imply that in topsoil Sb could mostly originate from the 

anthropogenic sources and in the subsoil, the significant correlations indicated Sb 

attachment to Al and Fe (Kabata‒Pendias and Mukherjee, 2007), which probably 

suggest its geogenic origin in the subsoil. It should be noted that the commercial 

vineyard is formed on the no-till grapevine growing system (personal communication, 
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2015), and higher concentrations of some PTEs in the subsoil could be caused by the 

leaching of some labile-bound elements from the topsoil. 

All investigated extractants in this experiment (Table 3.1) could not be 

appropriate and selective for isolating all bioavailable PTEs from topsoil and subsoil. 

According to calculated MF% for PTEs in soil extracts, the highest percentage of Al, 

As, Ca, Cd, Co, Cu, Fe, K, Mn, Pb, V and Zn extracted using Na2EDTA (Table 8.3.1, 

Appendix 3) were observed from the soil in the harvest period. The chelating agent 

Na2EDTA represents effective and selective extractant for isolating the PTEs with 

which it usually can build very stable complexes (Inczédy, 1976). Furthermore, the 

weak acid solution CH3COOH isolated the highest concentration of B, Be, Cr, Li and 

Ni, probably these PTEs were bound to carbonates in the soil samples, on which the 

extractant acidity had an influence. Weak salt solution NH4NO3 extracted the highest Ba 

and Sr content (Table 8.3.1, Appendix 3) from the soil, probably because of NH4
+

 ion 

bind complexes with Ba and Sr from the soil (Hooda, 2010). The MF% of PTE 

concentrations in soil extract by deionised H2O and CaCl2 were low (Table 8.3.1, 

Appendix 3). 

 

5.2.1.2 PTE concentrations in grapevine and wine  

The PTEs in the grapevine samples (leaves and grape berries) did not vary 

significantly (p<0.05) between the investigated parcels and the grapevine varieties 

investigated in this experiment. The differences between the grapevine varieties were 

probably not observed because Cabernet sauvignon is the progeny variety of the 

Sauvignon blanc (Bowers and Meredith, 1997). The MAC only for few PTEs in fruits 

(grape) is prescribed by the national regulations (Official Gazette, Republic of Serbia 

5/92, 11/92). Hence, the PTEs concentrations (As, Cd and Pb) in the studied grape 

berries (Table 8.3.3, Appendix 3) were obtained in lower concentrations than the MAC 

(Official Gazette, Republic of Serbia 5/92, 11/92). Overall, the observed contamination 

of the soil by Cd, Cr and Ni had no influence on the grapes, because their concentrations 

in the grapevine parts were low (Table 8.3.2, Appendix 3). The low uptake and 

accumulation of the PTEs in the grapevine was probably a consequence of neutral pH 

and low content of OM in the soil, which did not accelerate the PTEs desorption from 

the soil (Kabata‒Pendias and Mukherjee, 2007). 
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Additionally, observing the scatter plots (the multiple correlation coefficients – 

R), only Ba and Mn showed a significant positive mutual correlation among the 

concentrations of the analysed grapevine parts (seed, pulp, skin and leaf) (Baskin–Bapulp–

Baleaf: Multiple R(z/xy)=0.86, p=0.00; Baskin–Bapulp–Baseed: Multiple R(z/xy)=0.96, 

p=0.00; Mnseed–Mnpulp–Mnskin: Multiple R(z/xy)=0.87, p=0.00, and Mnskin–Mnpulp–

Mnleaf: Multiple R(z/xy)=0.92, p=0.00) (Figure 5.2.2). Higher correlations between Mn 

concentrations were obtained within the outer parts of the grapevine, such as the leaves 

and the skin, than in the pulp samples. Conversely, the higher correlations were 

obtained between Ba concentrations within the inner berry parts such as the seed and the 

pulp, and than in the skin. Thus, the different multiple correlation R(z/xy) coefficients 

indicate that these elements could have a different origin. Barium mostly originated 

from the soil while Mn mostly originated from the air deposition caused by the foliar 

application of Mn-pesticides (in this vineyard Maneb was frequently used during the 

grapevine season−information by viticulturist; personal communication, 2015). 

According to the national and international regulations (Official Gazette, 

Republic of Serbia 5/92, 11/92; Plotka-Wasylka et al., 2017), the PTE concentrations in 

the wine samples were not obtained above the MAC (Table 8.3.3, Appendix 3). Still, in 

the wine samples, Al and Fe were observed in higher concentrations than the MAC 

(Figure 5.2.3). In the white wine sample, Ni was not detected (<DL), while in the red 

wine measure concentration of Ni (0.7 mg L
-1

) was slightly higher than MAC (0.1 mg 

L
-1

). The higher Al, Fe and Na concentrations in the wine samples may influence the 

wine organoleptic peculiarities, commonly referred to as “minerality” (Laurie et al., 

2010). 
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Figure 5.2.2 3D graph with the equation of the multiple correlations between the concentrations (mg kg-1) of a) Ba in the inner grapevine parts and b) Mn in the outer 

grapevine parts (Milićević et al., 2018a). 
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Figure 5.2.3 Concentrations (mg L-1) of PTEs in the wine samples; MAC–maximum allowable concentrations (mg L-1) of the elements for wine prescribed by the 

regulations in different countries (Milićević et al., 2018a). 
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5.2.1.3 Assessment of PTE bioavailability from topsoil (0−30 cm; A horison) to the 

grapevine parts (seed, pulp, skin and leaf) 

Differently extractable PTE concentrations from the soil had a specific 

significant positive intercorrelation with PTE measured in the different grapevine parts, 

which will be further discussed in conjunction with the obtained soil physicochemical 

parameters. Multivariate analyses (in parallel PCA and correlation) were performed 

between the concentrations of the PTEs obtained in the soils and the PTE concentrations 

obtained in the grapevine parts (Table 8.3.4, Appendix 3). 

Topsoil versus grapevine leaf. Observing the PCA and correlation coefficients 

(R), the most suitable extractants for isolating bioavailable Mn and Ni concentrations 

from the topsoil to the leaf were the weak salt solutions CaCl2 and NH4NO3 (Figure 

5.2.4c,d; Table 8.3.4, Appendix 3), and the most appropriate for Be extraction was only 

NH4NO3 (Table 8.3.4, Appendix 3). Chelating agent Na2EDTA showed as an 

appropriate extractant for obtaining the correlation between Cu and V concentrations 

from the topsoil and the leaf (Figure 5.2b,e; Table 8.3.4, Appendix 3); and for extracting 

bioavailable Ba concentrations, all studied extractants were suitable (R=0.57−0.75, 

p˂0.01; Table 8.4.4, Appendix 5). Mobility and bioavailability of some of the elements 

(e.g., Be, Mn and Ni) are strongly regulated by the soil pH, those elements could be 

easily mobile under the low acid to neutral soil pH (Table 2.2; Kabata‒Pendias and 

Mukherjee, 2007), which was obtained in the studied soil. The Cu concentration in the 

soil depends on the vineyard age (the studied vineyard in this experiment were five to 

seven years old at the moment when the experiment was performed−information from 

viticulturists; personal communication, 2015). Copper is frequent monitored PTE in the 

vineyard ambients because of the long-term use of the parcels for viticulture which 

could cause high Cu accumulation in the soil (Komárek et al., 2010; Thomas et al, 

2012), and also its accumulation in the grapevine parts, but in parallel accumulation of 

airborne Cu in the leaves could be caused by the foliar application of Cu-fungicides. As 

previously explained, V in the soil seems to be associated with Fe in the topsoil samples 

(Table 8.3.2, Appendix 3), and chelating agent probably simulated the natural processes 

in the soil-plant system by exchangeability of the ions and their uptake by the root 

system. It is known that plants can uptake Ba quite easily from acid (Kabata‒Pendias 



Results and discussion, Experiment 2 

80 
 

and Mukherjee, 2007) and probably weak acid soils, which was characteristic for the 

investigated soil. 

Topsoil versus grape skin. The most significant correlations suggested that the 

most suitable extractant for isolating bioavailable Cu and Zn from the topsoil (Figure 

5.2.4b,f; Table 8.3.4, Appendix 3) which were bioavailable to the grape skin was 

Na2EDTA, as was the case for Cu with a concentration that significantly correlated with 

the concentration in the leaf (Figure 5.2.4b). As it was observed in Experiment 1, the 

significant (p˂0.05) association between Cu and Zn (Figure 5.1.5e) imply their origin 

from the application of the pesticides. In this case, Cu and Zn in the grapevine skin 

could originate from the pesticides, because these elements originating from the same 

source could be deposed on the soil surface and on the air-exposed grapevine parts (e.g., 

skin). Because Cu is generally slightly mobile in plants as it is strongly bound to 

nitrogen and proteins (Komárek et al., 2010), the direct accumulation Cu from the 

surface of the leaves is more reliable than its accumulation from the soil. 

For obtaining Mn concentration from topsoil, which correlated with its 

concentration in the skin (Figure 5.2.4c; Table 8.3.4, Appendix 3) NH4NO3 was the 

most appropriate single extractant, as it was also observed for Mn in the leaf. In 

addition, for Fe and V concentrations extraction, which were in correlation with their 

concentrations in the skin, deionised H2O 16 h was suitable (Figure 5.2.4e; Table 8.3.4, 

Appendix 3). The concentration of Ba in the skin was significantly correlated with its 

concentration extracted from the topsoil using all the tested extractants (R=0.53−0.90, 

p˂0.01; Table 8.3.4, Appendix 3). Unbuffered week salt solutions, CaCl2 and NH4NO3 

effectively simulate the natural soil solutions and only can extract the elements from the 

exchangeable and water-soluble phase of soil that are bioavailable to the grape skin (Pinto 

et al., 2015), which was also the case with deionised H2O as the extractant.  

Topsoil versus grape pulp. For extracting Ba and Sr bioavailable fractions from 

the topsoil, which correlated with the concentrations in the pulp (R=0.43−0.90 and 

R=0.40−0.65, respectively, p˂0.01; Table 8.3.4, Appendix 3), all the tested extraction 

procedures were appropriate. In addition, the V concentration in the pulp was correlated 

with its concentration extracted from the topsoil by Na2EDTA (Figure 5.2.4e).  

Topsoil versus grape seed. According to the obtained results in this experiment, 

the extracted Cr, Cu and Ni concentrations in the seed correlated with the Cr, Cu and Ni 
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concentrations deionised H2O 2 h soil extract (Figure 5.2.4a,b,d; Table 8.3.4, Appendix 

3). According to the literature, Ni from soil is mobile at pH 4.5–6.5, and it could be 

bioavailable to leaves and seeds (Kabata–Pendias and Mukherjee, 2007).  

Finally, the most bioavailable element using the applied single extractions was 

Ba. All extracted mobile fractions of Ba from soil were correlated with its 

concentrations in all investigated grapevine parts (seed, pulp, skin and leaves). In the 

vineyard soil Ba could originate from frequent application of agrochemicals such as 

pesticides (rodenticides) and P-fertilisers (Ba-enriched carbonate and phosphate 

minerals in agricultural fertilisers), as well as aerial sources such as industrial or traffic 

activities (in diesel engines Ba could be present as additive) (Kabata‒Pendias and 

Mukherjee, 2007; Kravchenko et al., 2014). When Ba once emits into the air, it 

deposited on the Earth’s surface where it further could accumulate in both soil and 

grapevine parts. The significant correlation for Cr was only observed between the 

concentration in the seed and the topsoil extracts using H2O. This result suggests that 

only soluble Cr can be uptaken by the grapevine and translocated to the seeds in some 

specific way. A mechanism of the Cr organic compound complex uptake and 

transportation through the plant xylem could influence its bioavailability and could 

imply that such complexes could reach the plant parts (Juneja and Prakash, 2005) such 

as the seed. According to PCA and correlations between the Cu concentration in topsoil 

extract isolated with Na2EDTA and its quantity in the leaf and the skin could imply that 

the main source of Cu in the air-exposed grapevine parts could be the fungicides foliar 

application. Agrochemical grapevine treatments with pesticides which contain some 

quantities Cr and Cu (Thomas et al., 2012) in the beginning of the grapevine seasons 

(before the seed set phase) could probably lead to their accumulation in the seed, which 

could explain these positive correlations between the concentrations of Cr and Cu 

(extracts with deionised H2O) and measured in the seed (Table 8.3.4, Appendix 3). 

Although, the pseudo-total concentrations of Cd in the topsoil were above MAC (Figure 

5.2.1) this element was not easily soluble and bioavailable to the grapevine leaves and 

berries. The obtained mobile quantities of Cd in the soil were low and cannot affect the 

grapevine, (Table 8.3.1, Appendix 3) in the weakly acidic to neutral soil in the 

commercial vineyard. Moreover, the grapevine (Vitis vinifera) probably might not be a 

typical accumulator species (Hall, 2002; Alagić et al., 2015), which is important 
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because Cd is one of the most eco-toxic elements in the environment. According to the 

significant associations between Mn concentrations in the topsoil and grapevine parts, 

the Mn mobile fractions extracted by unbuffered neutral salt solutions could originate 

from the air deposition on the soil surface caused by the application of Mn-pesticide. In 

addition, the quantity of Mn in all studied grapevine parts was mutually correlated 

(Rz/xy) (Figure 5.2.2). Thus, as previously noted, the application of Mn-pesticides 

predominantly influenced the concentration of Mn in grapevine parts, which were 

directly exposed to the air (leaf and skin, higher correlation coefficient Rz/xy) than to 

the inner parts (pulp and seeds). 

5.2.1.4 Assessment of PTE bioavailability from subsoil (30−60 cm; B horison) to 

grapevine parts (seed, pulp, skin and leaf) 

Only for concentrations of Al, As, Ba, Cd, Cr, Cu, Li, Ni, Pb, Sb, Sr and V, the 

significant (p˂0.05) differences between the topsoil and the subsoil were observed. In 

this subsection, in parallel PCA and correlation analysis were only applied to the PTE 

concentrations which statistically differ from the topsoil. 

Subsoil versus grapevine leaf. According to the PCA and correlations, the most 

suitable for extracting from the subsoil Ni and V, which were in correlation with Ni and 

V concentrations in the leaves was weak salt solution of CaCl2; for Ni, it was also 

suitable NH4NO3, and for Sr, the deionised H2O 16 h was suitable (Figure 5.2.5a,b,c; 

Table 8.3.4, Appendix 3). 

Subsoil versus grape skin. Unbuffered salt solutions CaCl2 and NH4NO3 were 

the most appropriate for assessing the bioavailability of Ni and Sr from the subsoil and 

the skin (Figure 5.2.5a,b) as it was also observed for the topsoil. For extracting 

bioavailable Al, the most suitable was Na2EDTA (Table 8.3.4, Appendix 3). 

Subsoil versus grape pulp. The Sr concentrations from the grape pulp were 

correlated with Sr concentrations extracted with all tested extraction procedures (Table 

8.3.4, Appendix 3). Deionised H2O 16 h was the most suitable for extracting 

concentrations of Al, Cu and V that were correlated with their concentrations in the pulp 

(Figure 5.2.5c; Table 8.3.4, Appendix 3). Na2EDTA was suitable for isolating V 

concentration from the subsoil, which was correlated with its concentration measured in 

the pulp (Figure 5.2.5c; Table 8.3.4, Appendix 3). 
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Figure 5.2.4 PCA of the elements in topsoil extracts and grapevine parts (leaves, skin, pulp and seed): a) Cr; b) Cu; c) Mn; d) Ni; e) V; f) Zn (Milićević et al., 2018a). 
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Subsoil versus grape seed. The concentrations of Ni and Sr extracted from the 

subsoil using CaCl2, were significantly correlated (Figure 5.2.5a,b; Table 8.3.4, 

Appendix 3) with the concentrations of Ni and Sr from the seed. For the Ni extracted 

from the subsoil which correlated with Ni from the seed, beside CaCl2, appropriate were 

also NH4NO3 and deionised H2O during 2 h and 16 h (Figure 5.2.5a; Table 8.3.4, 

Appendix 3). 

As it was the case with the investigated topsoil in this experiment, Ba was the 

PTE which showed significant correlations (R=0.51−0.96, p˂0.01; Table 8.3.4, 

Appendix 3) between the concentrations extracted from the subsoil and all grapevine 

parts. All the tested single extraction procedures in this experiment were suitable for the 

extraction of Ba which was potentially bioavailable to the all investigated grapevine 

parts (Table 8.3.4, Appendix 3) same as it was observed for Ba from the topsoil. These 

results imply that Ba, which is not an essential element for the grapevine growth 

(Oliveira et al., 2010), was the most bioavailable PTE for the grapevine among all the 

determined PTEs, and the vineyard soil represents the major Ba source in the 

investigated vineyard ambient. In addition, Sr is also non essential for plant growth 

(Oliveira et al., 2010), and because of its similar geogenic and biochemical 

characteristics with Ca (similar ionic radius), it has the ability to compete with Ca and to 

trap its place in plant (Kabata–Pendias and Mukherjee, 2007). 

Among the six single extraction procedures applied in this experiment for 

extracting easily available or bioavailable PTE fractions from the soil, and according to 

PCA and correlation analyses it could be concluded that CaCl2, NH4NO3 and Na2EDTA 

(Table 8.3.4, Appendix 3) were assessed as the most suitable extractants for predicting 

the elements’ bioavailability from both the topsoil and the subsoil to the grapevine 

leaves, skin, pulp and seed. In addition, deionised H2O was appropriate for extracting 

some of the measured PTEs (Ba, Cr, Cu, Sr, Fe, Ni and V) that are potentially 

bioavailable for the grapevine leaves, grape seed and skin. This results confirm that 

single extraction procedure using deionised H2O, which was previously recommended 

in Experiment 1 as an alternative and cost-effective procedure (Milićević et al., 2017a), 

was suitable for assessing the bioavailable fraction of some PTEs from the soil. 
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Figure 5.2.5 PCA of the PTEs in subsoil extracts and grapevine parts (leaves, skin, pulp and seed): a) Ni; b) Sr; c) V (Milićević et al., 2018a). 
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5.2.2 Environmental implications assessment 

5.2.2.1 Contamination factor 

To investigate whether there are any environmental implications caused by the 

PTE concentrations in the topsoil and the subsoil soil, CFs were calculated. The 

obtained CF values for Al, As, Be, Cu, Fe, Mn, Ni and Zn indicated that some of the 

topsoil samples in the vineyard were moderately contaminated (1≤CF≤3; Likuku et al., 

2013) (Figure 5.2.6a; Table 8.3.5, Appendix 3). For B, Cd, Co, Cr and Ni, calculated 

CFs for all topsoil samples were higher than 1 which indicate moderate pollution of the 

topsoil. All the elements with CF˃1 (Figure 5.2.6a; Table 8.3.5, Appendix 3) imply that 

there could be some accumulation of the PTEs in the soil from the vineyard parcels 

because the PTE concentrations in the cultivated parcels were higher than PTE 

concentrations in the local background soil. However, the CF calculated for Cd (CF≥6) 

indicated very high topsoil contamination (Likuku et al., 2013) in the vineyard (Figure 

5.2.6a; Table 8.3.5, Appendix 3). According to the findings from previous section, 

based on PCA and correlations (sections 5.3.1.3 and 5.3.1.4), some of the PTEs, with 

moderate CF values (Be, Cr, Cu, Fe, Mn, Ni and Zn), could be bioavailable to the 

grapevine parts e.g., Be, Cu, Mn and Ni to the leaf; Fe, Mn and Zn to the skin; and Cr, 

Cu and Ni to the seed. Although, the CFs for Ba did not imply contamination, and 

according to the bioavailability assessment from the previous section, Ba showed a 

strong ability to be bioavailable to all grapevine parts, which imply that further Ba 

application in the vineyard could increase the pollution of grapevines with it. 

The subsoil samples were moderately contaminated (Likuku et al., 2013) by As, 

Co, Cr, Mn, Na, Pb, Sb and V (1≤CF≤3; Figure 5.2.6b; Table 8.3.5, Appendix 3). 

Comparing the CF values for the topsoil and the subsoil, it could be seen that CFs for 

Cd, B, Co and Cu in the topsoil were higher than in the subsoil (Figure 5.2.6a,b). 

However, CFs for As, Pb and Sb in the subsoil were higher than those CFs obtained for 

these PTEs in the topsoil (Figure 5.2.6a,b). 

Comparing the CF values obtained for the topsoil and the subsoil samples, it 

could be assumed that in the topsoil predominant quantities of Cd, B, Co and Cu 

probably origin from the anthropogenic sources (agricultural activities). Overall, CFs 

for Cd, Co and B also imply the topsoil pollution, and according to previously applied 

PCA and correlations, they were not bioavailable to the grapevine parts. Nearby or 
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remote anthropogenic pollution sources (nearby located metal foundry or highway road, 

Figure 3.3) could emit the PTEs into the air, and the emitted elements could be 

transported and precipitated into the surface of the soil (O horison, Figure 2.5). The CFs 

obtained for Zn were comparable with those obtained for topsoil from the experimental 

vineyard presented in Experiment 1 (Milićević et al., 2017a). 

Those elements with the CFs higher in the subsoil than in the topsoil (As, Pb, Sb 

and V) and those with CFs higher than 1 (Cr and Ni) in the subsoil samples (Figure 

5.2.6b), predominantly originate from the geogenic sources, mostly characterising the 

natural mineralogical composition in the subsoil. As previously mentioned, in the 

central Balkan Peninsula the geological formations and ore deposits are enriched by As, 

Cr and Ni concentrations (Dangić and Dangić, 2007; Salminen et al., 2005). 

 

5.2.2.2 Biological absorption coefficient 

According to the nonparametric ANOVA test, the concentrations of the 

grapevine parts (leaf, skin, pulp and seed) were significantly different (p˂0.05). The 

bioavailability of PTEs to a plant (and its parts) is a complex process depending on the 

PTE concentrations in the surrounding media (e.g., soil and air), the soil 

physicochemical characteristics and the plant affinity for PTEs bioaccumulation (Hall, 

2002). The grapevine leaf and grape parts (skin, pulp and seed) have different 

accumulation abilities for the elements (Hall, 2002; Alagić et al., 2015). According to 

calculated BAC for assessment of the PTEs bioaccumulation in the grape seed, pulp, 

skin and leaves, the BAC values for most of measured PTEs were lower than 1. The 

exceptions were Ca with BAC value higher than 1 (BAC>1) for seed and leaf, and K for 

all grape parts except the leaf (Table 8.3.6, Appendix 3). The grapevine parts of the 

investigated varieties in this experiment, which are typical for worldwide wine 

production, were not hyper-accumulator plants of PTEs and carcinogenic elements 

which originate from the soil. Anyhow, the calculated BACs were compared for better 

understanding the elements bioaccumulation ability in the different parts of the 

investigated grapevine. 

Observing the BAC values, the grape seed can accumulate Cu from the topsoil 

and the subsoil (the highest BAC values), while the leaf accumulated Zn from both soil 

layers (Figure 5.2.7a,b; Table 8.3.6, Appendix 3). 
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Figure 5.2.6 CF values (-) of potentially toxic elements (PTEs) calculated for the a) topsoil samples b) subsoil samples; the middle line of the box represents the 

median value of CF, top and bottom represent first and third quartiles and whiskers represent maximum and minimum CF values; “°” represent outliers and “*” 

represent extremes (Milićević et al., 2018a). 
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In this experiment, the BAC obtained for Zn (BAC=0.19) was multiple times 

lower than in Experiment 1 conducted in the experimental vineyard (Milićević et al., 

2017a), where Cabernet sauvignon leaf was considered as a good bioaccumulator of Zn 

from the topsoil (BAC=1.36). It is important to note that in the analysed soil in 

Experiment 1, pH values were lower than in the soil from this experiment. Accordingly, 

it seems that pH value has a high influence on Zn uptake and accumulation and greatly 

affects the ability of Cabernet sauvignon leaves to be Zn accumulators from the soil as 

reported by Bravo et al. (2017).  

For other investigated PTEs (Al, As, Cd, Co, Cr, Fe, Ni, Pb, Sb and V), the 

grapevine leaves had the higher BACs than the seed, while for the grape skin and pulp 

the lowest BAC values were obtained (Table 8.3.6, Appendix 3). 

 

Figure 5.2.7 a) BAC (-) describing the bioaccumulation of PTEs in the grapevine parts; and b) the BAC (-

) for Cu and Zn accumulated in the leaf, skin, pulp and seed from the topsoil and subsoil layers (Milićević 

et al., 2018a). 
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5.2.2.3 Ratio factor 

For most of the investigated PTEs in this experiment (Al, As, B, Cd, Co, Cr, Fe, 

Mn, Ni, Pb, Sr, V and Zn) in the grapevine leaves and skin, RF values were above 1 

(Table 8.3.7, Appendix 3). Those PTEs in the air-exposed grapevine parts (leaves and 

skin) could originate also from the air deposition (the foliar application of 

agrochemicals or anthropogenic activities near the investigated parcels), not only from 

the soil. Higher RFs obtained for the PTEs were observed in the leaf than in the grape 

skin (Figure 5.2.8; Table 8.3.7, Appendix 3), probably due to the leaf rough and larger 

surface that could entrap more airborne particles than the berry’s smooth and spherical 

surface (skin). The RFleaf/seed values for Ba were lower than 1, while the RFleaf/seed value 

for Mn was above 1. Again, lower RFleaf/seed for Ba confirms the previous allegations 

that the soil is the main source of this element and it is bioavailable to the studied 

grapevine parts, while the RFleaf/seed value above 1 for Mn imply the previous allegations 

that the foliar application of Mn-pesticides could be the main source of this element in 

the commercial vineyard ambient. Finally, soil from vineyards could represent a diffuse 

source of pollution (WHO, 2006; Viana et al., 2008) by As, Cr, Cu, Ni, Fe and V, which 

can be resuspended into the air and deposited on the grapevine leaves and grapes as it 

will be further discussed in Experiment 4 (Milićević et al., 2017b). 

 

Figure 5.2.8 RF (-) for the PTEs describing the contamination originating from the air deposition 

(Milićević et al., 2018a). 
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5.2.3 Non-carcinogenic and carcinogenic health risk assessment for field workers and 

grape and wine consumers 

To simulate exposure processes similar to the real ambient conditions, as much 

as possible, it is important to set a site-specific exposure scenario for the investigated 

ambient, including site-specific environmental and exposure parameters, which matched 

the local lifestyle. For indicating the health risk assessment, the worst-case scenario was 

observed. Among the measured elements, those that have toxicological reference values 

such as Reference Dose (RfD), Reference Concentration (RfC), Cancer Slope Factor 

(CSF) and Inhalation Unit Risk (IUR) were used for health risk assessments (Table 3.4). 

For the field workers, who were chronically exposed to the soil in the 

commercial vineyard during entire grapevine season (from April to October), the health 

risk assessment indicated that there was a non-carcinogenic risk (HI<1) observed for the 

field workers (Figure 5.5.9a; Table 8.3.8, Appendix 3). The oral intake had the highest 

impact on HI which leads to further ingestion and risk for workers health (Figure 

5.2.9a). The total carcinogenic effect was in the range from 10
-4

 to10
-6

 (Figure 5.2.9b; 

Table 8.3.8, Appendix 3), which was within the acceptable range proposed by EPA (US 

EPA, 2005).  

The health risk assessed for the consumers of the grapes and wine indicated that 

the non-carcinogenic risk for the human intake of grape (adults and children) and wine 

(adults) were lower than 1 (HI<1) (Figure 5.2.10a; Table 8.3.9, Appendix 3) even in the 

case of the assessed worst-case scenario. Thus, the PTE concentrations obtained in the 

grapes and wine did not have adverse impact on human health. The total carcinogenic 

risk obtained for the grape (adults and children) and wine (adults) consumers were low, 

R≤1.7×10
−5

 and R≤10
−6

, respectively (Figure 5.2.10b; Table 8.3.9, Appendix 3). The 

probability of carcinogenic illness was low for adults and children who regularly 

consumed the grapes and adults who consume wines (Figure 5.2.10b). Thus, both the 

studied grapevine varieties in this experiment (Cabernet sauvignon and Sauvignon 

blanc) and the white and red wine produced in the commercial vineyard are safe for 

consumption. 
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Figure 5.2.9 a) HI (-), and b) R (-) assessment for field workers in the commercial vineyard;  (Milićević et 

al., 2018a). 

 

 

Figure 5.2.10 a) HI (-) for adults and children, and b) adjustable R (-) assessment for the grape and wine 

consumers (Milićević et al., 2018a). 
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The results from the Experiment 2 were published in the international journal 

Science of the Total Environment (Manuscript: Bioavailability of potentially toxic 

elements in soil–grapevine (leaf, skin, pulp and seed) system and environmental and 

health risk assessment; Milićević et al., 2018a). After this comprehensive experiment 

conducted in the harvest period in the commercial vineyard, our further interest was 

focused on the seasonal variation of the PTEs in the soil and the grapevine leaves 

collected on a monthly base through the entire grapevine season also in the commercial 

vineyard. Moreover, the experiment was performed in order to obtained are there any 

temporal trends of environmental implications, and mobility and bioavailability of PTEs 

were assessed through the grapevine growing phases (from the pre-grapevine treating 

period to the harvest period). 



Results and discussion, Experiment 3 

94 
 

5.3 Experiment 3: Environmental implications and bioavailability risk in the 

commercial vineyard through entire grapevine season (from pre-agrochemical 

treatment to harvest period)  

5.3.1 Environmental implications of PTEs − temporal patterns of the soil pollution 

assessment 

5.3.1.1 PTEs in the soil samples through the entire grapevine season 

Studied soil samples collected through the entire grapevine season were neutral 

(pH≈7) with low content of OM and high values of CEC (Table 8.4.1, Appendix 4), 

which is comparable with the physico-chemical parameters obtained for the studied soil 

collected in harvest period described in Experiment 2 (Milićević et al., 2018a) and the 

report for the same vineyard area, presented by Ninkov et al. (2014). 

Descriptive statistics of 23 element (Al, As, B, Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, 

K, Mg, Mn, Na, Ni, P, Pb, S, Sb, Sr, V and Zn) concentrations obtained in the soil 

samples through the all grapevine season using six single extraction and pseudo-total 

digestion procedures (Table 3.1) are presented in Tables 7.4.2, 7.4.3, 7.4.4, 7.4.5, 7.4.6, 

7.4.7 and 7.4.8, Appendix 4. According to the Kolmogorov-Smirnov test, the element 

concentrations in the soil did not have the normal distribution through the investigated 

grapevine growing season. Applying the Wilcoxon Signed Rank Test, the significant 

(p˂0.05) differences were observed between B, Ba, Cd, P, Pb, S, Sr, V and Zn 

concentrations in the topsoil through the season, while in the subsoil the differences 

between B, Cd, Co, Cr, Cu, Mn, Pb, S, Sb, Sr, V and Zn concentrations were observed 

through the season. The concentration of Cd was increasing in the topsoil samples 

through the season (Table 8.4.2, Appendix 4), as well as in the harvest period 

(Experiment 2). The concentration of V was decreasing during the season in the topsoil 

and increasing in the subsoil (Table 8.4.2, Appendix 4), which imply its leaching from 

the topsoil to the subsoil (Wierzbowska et al., 2016). In the phase of grapevine leaf 

development (May), the concentration of Zn in the soil was higher than in other phases 

and its concentration in the topsoil was continuously decreasing through the grapevine 

season (Table 8.4.2, Appendix 4). 

According to the applied Wilcoxon Signed Rank Test, the significant (p˂0.05) 

differences were observed between the concentration of PTEs in the topsoil and subsoil 
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for some of the determined elements. The concentrations of As, Ba, Be, Cr, Ni, Pb, Sr 

and V were higher in the subsoil layer than in the topsoil (Table 8.4.2, Appendix 4), 

which point to their geogenic origin. As previously explained in Experiment 2, in the 

Balkan Peninsula, As (Dangić and Dangić, 2007), Cr, Ni and Pb (Jakovljević et al., 

1997; Antić-Mladenović et al., 2016; Ličina et al., 2017; Dangić and Dangić, 2007; 

Salminen at al., 2005) could be constituents of the ore deposits and the geological 

formations. Although, B, Cd and Co concentrations were significantly higher in the 

topsoil samples than their concentrations obtained in the subsoil samples (Table 8.4.2, 

Appendix 4). Still, B and Cd probably originated from the agrochemical applications in 

the vineyard ambient, while Co probably originated from the frequent traffic activities 

near the vineyard parcels (usually Co originates from fuels synthesis and chemical 

catalysis ) or the agricultural machines’ movements (Kabata‒Pendias and Mukherjee, 

2007) through the investigated parcels during the agrochemical treatments. As observed 

in the harvest period described in Experiment 2, the concentrations of Cr, Ni and Cd 

(Table 8.4.2, Appendix 4) in the topsoil and subsoil in other investigated periods (from 

April to August) were also above MAC (Official Gazette, Republic of Serbia 88/2010; 

EU Council Directive 86/278/EEC). 

Observing the calculated median MF% for the entire grapevine season, the 

single extraction procedures using deionised H2O (during 2 h and 16 h) were the least 

effective for the element extraction from the vineyard soil (Table 8.4.9, Appendix 4). In 

these deionised H2O extracts the ionic strength was low, but prolongation of the 

extraction time influenced that this non-conventional extraction procedure could be 

more suitable than other for extracting PTEs from the soil, but also less expensive, as it 

was observed in the previous Experiments 1 and 2 (Hooda, 2010; Milićević et al., 

2017a; Milićević et al., 2018). The unbuffered weak salt solution CaCl2 was not suitable 

for extracting As, Ca, Pb and Sb, while NH4NO3 was not suitable for extracting As, Cd 

and Sb from the topsoil and subsoil (Table 8.4.5, 8.4.6 and 8.4.9, Appendix 4). Studying 

the available literature, CaCl2 has a high selectivity for the PTEs extracting from the 

soil, but the high Ca concentration interferes with determination of PTEs and makes it 

not the best extractant for isolating all PTEs from the soil. Further, Na2EDTA, which is 

the chelating agent, was not suitable for extracting the exchangeable Na and Sb from the 

soil, but it was appropriate for the other PTEs. Observing calculated MF% (Table 8.4.9, 



Results and discussion, Experiment 3 

96 
 

Appendix 4), Na2EDTA was the most efficient for extracting most of the measured 

PTEs (Al, As, Ca, Co, Cu, Fe, Mn, Ni, P, Pb and Sr) (Table 8.4.9, Appendix 4). As 

previously mentioned (Experiment 2) Na2EDTA has been proven as the most effective 

and selective extractant for the PTEs with which it usually builds very stable complexes 

(Inczédy, 1976). The low acid solution of CH3COOH was the most suitable for 

extracting Be, K, Mg, S and Sb (Table 8.4.9, Appendix 4). Moreover, CH3COOH as 

more aggressive extractant extracted also Cd, Co, Cr, Fe, Mn, Ni, P, V and Zn in higher 

concentrations than weak salt solutions and deionised H2O (Table 8.4.9, Appendix 4). 

The MF% results obtained from the whole grapevine season in this study were 

comparable with MF% values obtained for the soil sampled in harvest period presented 

in Experiment 2 (Milićević et al., 2018a). 

5.3.1.2 Assessment of environmental implications and bioavailability risk through the 

grapevine season in the commercial vineyard ambient 

Soil CFs for the PTEs through the entire grapevine season. CFs were obtained to 

investigate whether there any environmental implications caused by the element 

concentrations in the topsoil and subsoil in the vineyard parcels comparing with local 

background soil sample through the investigated grapevine season (Table 8.4.10, 

Appendix 4). For both soil depths (A and B horisons; Figure 2.5) in the vineyard, the 

moderate contamination (1≤CF≤3) was observed through the entire season, which could 

be caused by As, B, Co, Cr, Mn, Ni, Pb, Sb and Sr concentrations in the soil from the 

investigated vineyard parcels (Figure 5.3.1). As previously mentioned in Experiment 2 

some of these elements (As, Cr, Ni and Pb) probably have a geogenic origin, 

characteristical for the Balkan Peninsula (Ličina et al., 2016; Dangić and Dangić, 2007; 

Salminen at al., 2005). According to PCA, significant positive associations between Cr, 

As and Ni concentrations in the soil samples were obtained, which could imply a similar 

PTEs origin (Figure 8.4.1, Appendix 4). In addition, the concentrations of Cr and Ni in 

the vineyard soil were several times higher than those measured in the local background 

soil sample (Table 8.4.2, Appendix 4), as it was observed in the harvest period 

(Experiment 2). Thus, probably they have a geogenic origin in the investigated soil 

(Figure 5.3.1) but it cannot be straightforwardly claimed that all the measured quantities 

of Cr and Ni in the soil have a geogenic origin because of the proximity of the metal 

foundry, which could emit elevated concentrations of these elements in the surrounding 
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vineyard environment. Observing CFs, for Cd, there were obtained very high values 

(CFs˃6) for the topsoil samples (Figure 5.3.1), especially for soil in August 

(Experiment 2). Namely, Cd originating from the application of P-fertilisers could cause 

its concentration increases in the agricultural soils (Kabata‒Pendias and Mukherjee, 

2007). Additionally, the industrial emissions if they are in the vicinity of the agricultural 

area could be a prominent Cd pollution source (Kabata‒Pendias and Mukherjee, 2007). 

However, PCA implies the association between Cd and Co concentrations in the soil 

samples, which indicated that these elements have the similar absorption pathway and 

they could originate from the same pollution source in the vineyard soil (Figure 8.4.1, 

Appendix 4). Significant (p<0.05) associations between the concentrations of As, Co, 

Mn, Fe and S in soils are specific for minerals present in it (Kabata‒Pendias and 

Mukherjee, 2007). Conversely, only the concentration of Co was not correlated with the 

concentrations of the above-mentioned elements (Figure 8.4.1, Appendix 4), so it can be 

assumed that Co could originate in the soil from the frequent traffic in the vicinity of the 

vineyard parcels (Figure 3.3), the agricultural machines’ movements or the metal 

foundry (Figure 3.3). Higher Sb concentration in the vineyard soil than in the local 

background sample (Figure 5.3.1) could imply the traffic activities influence on the soil. 

Furthermore, the CFs of B (Figure 5.3.1; Table 8.4.10, Appendix 4) indicate moderate 

contamination in the topsoil samples during the grapevine season, and in July and 

August in the subsoil (Figure 5.3.1), which imply that B-containing pesticides had an 

influence on the topsoil pollution, while through the season there were probably some 

leaching of these PTEs in the subsoil (Aparecida de Sá and Ernani, 2016) supported by 

physico-chemical conditions of the soil (Table 8.4.1, Appendix 4). The median CF 

obtained for Mn is slightly decreasing in the topsoil through the season, while in August 

CF in the subsoil was slightly higher than CF in the topsoil (Figure 5.3.1; Table 8.4.1, 

Appendix 4). The application of Mn-based pesticide (Maneb) especially in phases of the 

grapevine development could cause this Mn concentration decreasing trend in the soil 

through the grapevine season (personal communication, 2015). In addition, median CFs 

for As, Ba, Cr, Ni, Pb, Sb, Sr and V were obtained in higher values for the subsoil than 

for the topsoil, which indicated their dominant geogenic origin (Kabata‒Pendias and 

Mukherjee, 2007). 



Results and discussion, Experiment 3 

98 
 

 

 

Figure 5.3.1 Element CFs (-) temporal trends through the entire grapevine season and soil depths (Milićević et al., 2018b). 
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Eri and RI through the entire grapevine season in the vineyard. Observing the 

calculated Eri for PTEs, considered by Hakason (1980), low environmental risks of As, 

Cd, Cr, Cu, Ni, Pb and Zn were observed in the soil samples. In addition, a high 

environmental risk was observed for Cd in the topsoil collected through the season 

(Table 8.4.11; Figure 8.4.2, Appendix 4), especially in August when the serious 

ecological risk was observed (Table 8.4.11, Appendix 4). In addition, in the subsoil, the 

moderate ecological risk was observed, except in the veraison and harvest periods (July 

and August) (Table 8.4.11; Figure 8.4.2, Appendix 5) when the risk was high. This high 

and serious (Guo et al., 2010) environmental risks (160≤Eri˂ 320 and 320≤Eri, 

respectively) obtained for Cd in the topsoil in these periods (Table 8.4.11, Appendix 4) 

could be a consequence of the frequent grapevine Cd-based agrochemical treatments in 

the grapevine growing periods and subsequent its leaching and accumulating in deeper 

soil layers in the end of the grapevine season. Observing the calculated RI in the 

vineyard ambient, there was a moderate environmental risk (150≤RI˂300; Guo et al., 

2010) through the all grapevine season for the topsoil, except in August when the risk 

was severe (300≤RI˂600) (Table 8.4.11, Appendix 4). In addition, in the subsoil, the 

environmental risk was low through the season (RI<100), only in the veraison and 

harvest, there were obtained moderate environmental risks obtained for the subsoil 

(Table 8.4.11; Figure 8.4.2, Appendix 4). Accordingly, some PTE quantities could be 

leached from the topsoil to the subsoil (Wierzbowska et al., 2016). 

BGI values for the topsoil through the grapevine season. Comparing the PTE 

concentrations in the topsoil with those obtained for the subsoil, the higher BGI values 

imply higher element sorption in the topsoil (Table 8.4.12, Appendix 4). The median 

BGI values indicated that there was moderate Cd sorption in the topsoil through the 

grapevine growing phases with frequent agrochemical treatments (April, May and June, 

BGIs were 7.81; 8.06; 6.50, respectively) (Table 8.4.12; Figure 8.4.3, Appendix 4). It 

can also be noticed that during these periods, there were obtained apparent (Mazurek et 

al., 2017) BGI values for B, and BGIs for Be, Co and Mn (Table 8.5.12; Figure 8.5.3, 

Appendix 5) were at the limit between low and apparent values. Furthermore, in July, a 

period with more frequent traffic than in other periods and consequently higher air 

deposition, there was apparent sorption of Sb in the topsoil (Table 8.4.12, Appendix 4). 

During the harvest period (August) the BGI values obtained for PTEs were low to 
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slightly moderate (Table 8.4.12; Figure 8.4.3, Appendix 4), which imply that before the 

grape harvest there were not agrochemical activities and their influence on the soil 

decreased. Finally, according to BGIs, there were low Cr and Ni adsorptions in the 

topsoil (Table 8.4.12, Appendix 4), and as previously described in this experiment and 

Experiment 2, these elements mostly have a geogenic origin. 

BRAI through the grapevine season. By applying a regular equation (using 

concentrations extracted by Na2EDTA), BRAIprobable and BRAIapparent, the medium 

bioavailability risk was assessed (Table 8.4.11, Appendix 4). Additionally, applying the 

modified equation (using concentrations extracted by CH3COOH), BRAIprobable 

indicated medium, but BRAIapparent indicated low bioavailability risk (Table 8.5.13, 

Appendix 5). However, using regular and modified BRAI equations, significant 

(p˂0.01) correlations (R=0.91 and R=0.90, respectively) between BRAIprobable and 

BRAIapparent were observed, that was also proved by the regression analysis between the 

obtained BRAI values (Figure 5.3.2). The BRAIprobable (Na2EDTA) values were ranged 

from 1 to 2.67 (Table 8.4.13, Appendix 4) and were slightly lower than BRAIprobable 

obtained for the urban soil in Spain (Madrid et al., 2008), twice or more times lower 

than BRAIprobable values of the mining areas in India (Anju and Banerjee, 2011), the 

agricultural soils from Italy (Poggio et al., 2009) and residential sites in Italy (Poggio et 

al., 2009). 

 

Figure 5.3.2 Relation between BRAIprobbable (-) versus BRAIapparent (-), applying a) regular (Na2EDTA) and 

b) modify (CH3COOH) equations; regression equation and coefficient of determination (R2) are presented 

above the graph (Milićević et al., 2018b). 
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5.3.1.3 Associations between the environmental risk, biogeochemical index, and 

bioavailability risk  

In this subsection, only the significant (p˂0.05) associations between the 

environmental implication indices will be discussed. According to PCA, there was a 

significant association between RI and BRAI (Figure 5.3.3a). Comparing the BRAI 

(Na2EDTA), BRAI (CH3COOH) with RI obtained for the topsoil, RI is significantly 

(p˂0.05) associated with BRAI (CH3COOH). Thus, PTEs soluble under the low acid 

conditions (CH3COOH) have a higher impact on the bioavailability risk than PTEs 

complexed with the substrates in the soil. Conversely, the RI was not associated with 

BRAI values in the subsoil layer (Figure 5.3.3b). 

The both regularly calculated BRAIprobable and BRAIapparent (Na2EDTA) only for 

the topsoil were significantly (p˂0.05) correlated with the BGI for Cd (BRAprobable−BGI 

Cd: R=0.48; BRAIapparent−BGI Cd: R=0.40; Figure 5.3.3c). This significant association 

could imply that moderate Cd sorption (Figure 5.3.3c) could cause both potential and 

apparent bioavailability risks in the topsoil. 

 

Figure 5.3.3 PCA for a) RI (-) versus BRAI (-) in the topsoil; b) RI (-) versus BRAI (-) in the subsoil; and 

c) BRAI (-) versus BGI; (-) (Milićević et al., 2018b). 
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5.3.2 Temporal patterns of the PTE concentrations in the grapevine leaf samples: 

bioaccumulation and bioavailability 

5.3.2.1 The PTE concentrations in the leaf and PTEs bioaccumulation through the entire 

grapevine season 

According to Kolmogorov-Smirnov test, for Be, Cd, Co, Cr, Cu, Fe, Mn, Pb and 

Sb concentrations in the grapevine leaf, non-normally distributions through the 

grapevine season (May, June, July, and August) were observed. Medians of Al, B, Be, 

Cd, Cu, Ni and Zn were decreasing, while medians of Ba, Ca, Co, Mg and Sr 

concentrations were increasing in the leaf samples collected through the season (Table 

8.4.14, Appendix 4). 

According to BACs, only the values obtained for Ca and for some samples 

values calculated for B were above 1 (Table 8.4.15, Appendix 4), which indicate that 

those two elements can be accumulated from the soil to the grapevine leaves. As in 

Experiment 2, for the other measured elements, BACs were lower than 1 (Table 8.4.15, 

Appendix 4) which indicated their low bioaccumulation in the leaves. However, for 

better understanding different PTEs bioaccumulation abilities to the leaves and for 

obtaining in which leaf development phase eventually some PTE quantities from the 

soil could be accumulated in the grapevine leaves, BAC values were observed. 

According to the PCA (Figure 5.3.4a,b), it could be noticed that there were significant 

differences in the elements’ bioaccumulation in different leaf development phases 

(May, June, July and August). Increasing the BAC values for Ca through the grapevine 

season (Figure 5.3.4a,b; Table 8.4.15, Appendix 4) were probably caused by the 

reinforcement of the grapevine leaves structure (Suárez, 2010). The highest influence of 

B bioaccumulation to the leaf from the topsoil and the subsoil was observed in June 

(Figure 5.3.4a,b). During the leaf set (in May), the highest Al, Be, Cd, Cu, Fe, Ni and V 

bioaccumulations in the leaf were observed in comparison to the other investigated 

phases. For the leaves sampled in this phase, significant correlations (R=0.78; R=0.48; 

p˂0.05, respectively) were observed between Al and Fe and Al and V concentrations. 

Furthermore, the significant (p˂0.05) intercorrelations between the BACs of Be, Cd and 

Ni (Figure 5.3.4a,b) seems to imply the frequent agrochemical applications 

(Kabata‒Pendias and Mukherjee, 2007) in the leaf set phase, which represents the most 

important phase for leaf development protecting in the vineyard (personal 



Results and discussion, Experiment 3 

103 
 

communication, 2015). According to BACs, in June (the leaf development phase), there 

was the highest bioaccumulation of Cu, K, Na and Zn from soil to leaf (Figure 5.3.4.a,b; 

Table 8.4.15, Appendix 4). The significant (p˂0.05) correlations between B, Cu and Zn 

concentrations (Figure 5.3.4.a,b) indicate that those elements could originate from Cu-

based pesticides (Kabata‒Pendias and Mukherjee, 2007). Among the investigated 

grapevine development phases, in July the highest bioaccumulations of As, Co, Cr, Mn, 

Pb and Sb in the leaf were observed. The significant associations between the BAC 

pairs: Co−As, Cr−Pb, Cr−Sb, Sb−Pb, Sb−Co, Co−Cr and Cr−Sb (Figure 5.3.4a,b) imply 

the potential influence of the nearby anthropogenic activities in this phase 

(Kabata‒Pendias and Mukherjee, 2007). This potential anthropogenic influence could 

be caused by the proximity of the metal foundry or the main road (Figure 3.3) with 

fluent traffic in July, as it was previously mentioned observing the results for CF. In the 

harvest phase (August), Ba, Ca, Mg and Sr were the most bioaccumulated in the leaves 

in comparison to the other investigated phases, and the significant (p˂0.05) association 

between their BACs also were observed (Figure 5.3.4a,b). Essential, Mg and Ca are 

important for conformational stabilisation of macromolecules such as nucleic acids, 

proteins, cell membranes and walls in leaves (Guo et al., 2016). Not essential for plant 

growth are Ba and Sr (Oliveira et al., 2010), but because all of them (Ba, Ca, Mg and 

Mn) are alkaline earth metals with similar geogenic and biochemical characteristics 

(similar ionic radius), Ba and Sr have the ability to compete with Ca and Mg and to trap 

their places in plants (Kabata–Pendias and Mukherjee, 2007) as it was previously 

described for Sr in Experiment 2. 

 

Figure 5.3.4 PCA for the assessment of the associations between the a) BAC and b) the leaf development 

phases through the season (Milićević et al., 2018b). 
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5.3.2.2 Correlations between biological accumulation concentrations of the elements in 

the leaves versus biogeochemical index in the vineyard soil 

Higher quantities of Cu and Na in the topsoil samples and higher BGI values 

were significantly (p˂0.05) correlated with lower BAC values (Figure 5.3.5). These 

relations imply the Cu and Na quantities in the topsoil influence to their leaves 

bioaccumulation. Contrary, for B, Cd, Sb and Sr (Figure 5.3.5a,b,e,f) higher BGI values 

correlated with higher BAC values imply that other sources contribute to the overall 

concentration of these PTEs in the leaves. In addition, bioaccumulated B, Cd and Sr in 

the leaves that are not directly related to the topsoil could originate from the frequent 

agrochemicals application in the vineyard, while the traffic (Sánchez-Rodas et al., 2017) 

could influence the Sb accumulation in the leaf. 

5.3.3 Assessment of the PTE bioavailability in the soil–leaf system through the entire 

grapevine season 

According to the previously described environmental indices, Cd, Co, Cr, Cu, 

Mn, Sr and Ni concentrations determined in the soil could have potentially toxic effects 

on the grapevine leaves or vineyard environment. In addition, if PTEs cause 

environmental implications, they are not necessarily bioavailable to the leaves (for 

example as it was observed for Cd in Experiment 2). In order to examine the 

bioavailability in the soil-grapevine leaf system for these elements, Spearman’s 

correlation between PTEs extracted from the soil using different six single extraction 

procedures (Table 3.1) with the concentrations in the grapevine leaf were performed. 

According to the correlations, there were not obtained any significant 

correlations between Cd and Co concentrations in the soil extracts and their 

concentrations measured in the leaves. Namely, as previously explained according to 

BACs, these two toxic elements could not easily be uptake by the grapevine leaves. 

Observing determined soil physicochemical parameters (Table 8.4.1, Appendix 4), Cd 

and Co were probably strongly bounded in the soil (Kabata‒Pendias and Mukherjee, 

2007). As it was previously explained by the BRAI values, these two elements had a 

high impact on soil bioavailability risk, but BACs were low, which indicated that the 

investigated grapevine varieties seem to be Cd and Co excluders. 
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Figure 5.3.5 Correlations between BAC (calculated for topsoil to leaves) and BGI values (-) graphs for a) B; b); Cd; c) Cu; d) Na; e) Sb; and f) Sr; the circles represent 

the area where the most variables are grouped; the equation of the variable distribution, correlation coefficient (R) and significance (p) are presented above the graphs 

(Milićević et al., 2018b). 
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The most significant correlation was noticed between the Cr concentration in the 

leaves and its quantity extracted using Na2EDTA from subsoil sampled in June 

(R=0.71; p˂0.05). Commonly, Cr represents the element with very low mobility 

abilities, especially under moderate oxidising and reducing conditions, near-neutral pH 

values and low OM content (Kabata‒Pendias and Mukherjee, 2007; Wuana and 

Okieimen, 2011) which confirmed that the environmental risk obtained for Cr in soil 

could be directly related to its bioavailability in the soil-grapevine leaf system under the 

obtained soil physicochemical parameters. 

Furthermore, the most significant (p˂0.01) correlations between the Cu 

concentration in the leaf and Cu in the extract of topsoil extracted by Na2EDTA, were 

observed in June (R=0.83) and in August (R=0.60). As it was previously described, with 

the correlation between BAC and BGI, Cu adsorption in the topsoil was directly related 

to the Cu bioaccumulation in the leaves.  

The most bioavailable elements in the soil-grapevine leaf system were Mn, Ni, 

and Sr. According to six single extraction procedures, the most suitable extractants for 

isolating Mn which is bioavailable from topsoil were the weak salt solutions CaCl2 and 

NH4NO3 and from subsoil CaCl2, NH4NO3 and deionised H2O. The bioavailable Mn 

were available to the leaf through the entire investigated season (May–August), while 

the most significant (p˂0.01) correlations were observed between the PTE 

concentrations in samples from May and June, which could imply higher Mn uptake by 

the leaf during its development and growth (R=0.57−0.78). Higher correlation 

coefficients were observed between the concentrations from the subsoil than from the 

topsoil. The root system in the vineyard is probably branched and deeper than 0−30 cm 

(personal communication, 2015). Thus, the frequent application of Maneb pesticide 

through the grapevine season (personal communication, 2015) could cause historical 

accumulation of Mn which leaches in the subsoil. Also, the Mn bioavailability could be 

directly related to the air deposition on the soil surface, its sorption in the topsoil and 

leaching in the subsoil that could be directly influenced by the low OM (Vyas et al., 

2015), and finally by the bioaccumulation of Mn in the grapevine leaf. 

According to the obtained correlations, the concentrations of Ni were 

bioavailable to the grapevine leaf (R=0.57−0.76; p˂0.01) under the obtained soil 

physicochemical conditions (Table 8.4.1, Appendix 4). Moreover, high complexation 
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ability, low OM and near-neutral pH could influence the high bioavailability of Ni in 

soils. Generally, the mobility of Ni is inversely related to the soil pH. Nickel can be 

very easily uptake by the plants and its concentration in the plant is a simple function of 

the Ni forms in soils. Plants more readily absorbed the ionic Ni
2+

 form than when it is 

chelated (Kabata‒Pendias and Mukherjee, 2007). 

Furthermore, bioavailable Sr extracted from the soil using CaCl2 and NH4NO3 

the most significantly (p˂0.01) correlated with Sr from the leaf (R=0.55−0.74; p˂0.01). 

As previously mentioned, in the soils, Sr is usually present as divalent cation Sr
2+

, 

which has competitive ability to trap the places of Ca in the leaves (Kabata–Pendias and 

Mukherjee, 2007). 

After all, the results from this experiment were published in the international 

journal Ecotoxicology and Environmental Safety (Manuscript: Integrated approach to 

environmental pollution investigation – Spatial and temporal patterns of potentially 

toxic elements and magnetic particles in the vineyard through the entire grapevine 

season; Milićević et al., 2018b). The air quality monitoring in the presumably low 

polluted rural ambient have rarely performed and moreover, there are almost not 

regulatory monitoring stations in agricultural ambients. Therefore, in parallel with 

Experiments 2 and 3, the air pollution in the commercial vineyard, with frequent 

agrochemical treatments, was assessed by using active moss bag biomonitoring 

technique through the entire grapevine growing season. Also, the PTE concentrations in 

the grapevine leaf were compared to the concentrations measured in transplanted 

mosses, in order to asses could the grapevine leaves indicate the ambient air pollution in 

the commercial vineyard. All these results are going to be presented in Experiment 4. 
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5.4 Experiment 4: Moss bag biomonitoring of air pollution in the commercial 

vineyard−a contribution to the methodology 

5.4.1 Review of the results according to LOQT for moss bag technique and exposure 

periods in the commercial vineyard 

The concentrations of 41 PTEs (Al, As, Ba, Ca, Cd, Co, Cr, Cu, Fe, Li, Mg, Mn, 

K, Na, Ni, Pb, Rb, Sb, Sn, Sr, Th, Ti, V, Zn, and REEs: Sc, Y, Ga, La, Ce, Pr, Nd, Sm, 

Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu) in two moss species (S. girgensohnii and H. 

cupressiforme) exposed in the vineyard are presented in Table 8.6.1, Appendix 6. Only 

the concentrations of K, Na, and Rb were below the obtained LOQT for the moss bag 

technique (Table 3.5.1), this implied that concentrations of K, Na and Rb were lower 

than the initial values in the moss, which were also reported in some previous studies 

(Adamo et al., 2003; Aničić et al., 2009a, 2009c; Vuković et al., 2017). The 

concentrations of the other elements, even REEs, were above the LOQT in moss from 

every investigated period. In this experiment, three consecutive periods of 2 months; 

and one period of 4 and one period of 6 months were simultaneously tested to 

investigate which period is appropriate for the moss bag biomonitoring of the PTEs in 

vineyard ambient. In both exposed moss species, for most of the measured PTE 

concentrations, there were not significant differences (p<0.05) in the concentrations 

among three 2-month bag exposure periods (1M2: March 20
th

 – May 20
th

; 2M2: May 

20
th

 – July 20
th

; 3M2: July 20
th

 – September 20
th
). Nevertheless, the median of Al, As, 

Ba, Ca, Co, Cr, Fe, Sb, Sn, Ti, V and Zn and the REEs concentrations were significantly 

(p<0.05) increasing with prolongation of the moss bags exposure (from 2- to 6-month) 

(Table 8.5.1, Appendix 5). With exposure time prolongation, the most prominent 

increases of the PTE concentrations were observed for As, Co, Cr, Cu, Fe and V (Figure 

5.4.1). The Cu and Ni concentrations in the 2-month exposure periods were 

significantly distinguished (Table 8.5.1, Appendix 5). The Cu median concentrations 

were significantly higher in the 1M2 than the concentrations obtained in 2M2 and 3M2 

periods. In addition, the Cu concentrations in the 4-month (M4: March 20
th

 – July 20
th

) 

and 6-month (M6: March 20
th

 – 20
th

Septembe) exposure periods were higher than those 

observed in the 1M2 period. The similar trend was observed for the Ni concentrations in 

the exposed mosses: the highest concentrations were measured in the samples exposed 

in 1M2 period and they significantly differed from the other studied two month periods 
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(2M2 and 3M2). Three consecutive 2-month periods during the season gave information 

about a different enrichment of PTEs in the vineyard ambient (e.g., Cu and Ni), which 

could indicate the different grapevine agrochemical treatments or other anthropogenic 

activities nearby. As previously mentioned in Experiment 2, except widely used Cu-

fungicide, some P-fertilisers could also contain PTE (Cr, Cd, Cu, Zn, Ni and Pb) 

concentrations as impurities (Thomas et al., 2012). Finally, the 6-month period (M6) 

represents cumulative air pollution with PTEs in the vineyard during the entire season. 

For active moss bag biomonitoring in different ambients, it is important to 

establish the specific parameters (e.g., species selection and its exposure). This is the 

most important for the determination of the moss bag technique applicability in the 

agricultural areas. According to available literature, only two studies before this 

experiment were performed in the agricultural areas exposing mosses 

Pseudoscleropodium purum (Capozzi et al., 2016b) and H. cupressiforme bags (Capozzi 

et al., 2016a) and there were not any specific experiment performed in the vineyard area 

before this one. The results of this experiment performed in the commercial vineyard 

were comparable with the results obtained in one of those rare experiments in the 

agricultural area (Capozzi et al., 2016a), which demonstrated that H. cupressiforme 

moss bag could recognise the agricultural area as a significant air pollution source. 

Comparing two experiments conducted in the agricultural areas of the regional interest, 

“Campania” in Italy with “Oplenac Wine Route” in Serbia, the moss bags recognised 

both agricultural areas as diffuse pollution sources including soil PTEs resuspension and 

agrochemicals influence. The As, Cd, Co, Cu, La, Ni, Mn, Th, Y and Zn concentrations 

were significantly higher in this experiment than those measured for the Italian 

agricultural area. Conversely, the Cr, Li, Sb, Sc, Sn and V concentrations were higher in 

the mosses exposed in the agricultural area in Italy (Figure 5.4.2). In particular, As, Cd, 

Cu, and Ni concentrations were especially increased in this experiment, which was also 

observed by the passive moss biomonitoring of PTEs across Europe (Harmens et al., 

2010; Barandovski et al., 2012). This phenomenon could be explained, as in previous 

experiments, with geogenic enrichment of As in soil (Dangić and Dangić, 2007; 

(Tarvainen et al., 2013) or by the frequent agrochemicals application in the commercial 

vineyard which can increase Cr, Cu and Ni concentrations in the soils (Thomas et al., 

2012). 
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Figure 5.4.1 PTEs accumulation in mosses (S. girgensohnii and H. cupressiforme.) during three periods exposure M2, M4 and M6 (abscissa represents exposure 

periods, and the ordinate represents the concentrations − median, standard deviation exposed in mg kg-1) (Miliećević et al., 2017b). 
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Figure 5.4.2 Median concentration (mg kg-1) of the elements in H. cupressiforme: the studied commercial 

vineyard in Serbia versus the agricultural area in Italy (Capozzi et al., 2016a) (Milićević et al., 2017b). 

 

Many experiments have been performed using various moss species and 

exposure periods in different urban ambients (Ares et al., 2012). Still, to give an 

information about the 2-month PTEs enrichment level in two different 

anthropogenically devastated areas (agricultural and urban), the results from this 

experiment were compared with the corresponding experiments which were performed 

in the urban area in Serbia (Belgrade) using the moss species prepared at the same way 

and expose during the same periods (Aničić et al., 2009a; 2009c; Vuković et al., 2016). 

Observing 2-month exposure periods, the median concentrations of some PTEs 

recognised as traffic-related and toxic ( Ba, Cr, Cu, Fe, and V) (Pant and Harrison, 

2013), in both moss species exposed in the commercial vineyard were in the range of 

those concentrations in mosses exposed in the urban background sites (Vuković et al., 

2016) (Figure 5.2.3a, b). In addition, the increased Cu concentrations (>20 mg kg
-1

) in 

the first 2-month exposure period (1M2) in the vineyard, were even above the Cu 

concentrations in mosses exposed at the crossroads in Belgrade urban area; while the Cu 

concentrations in the exposed mosses were strongly decreasing in the following 2M2 

and 3M2. This significant variation of Cu concentration in the moss through the 

grapevine season was probably not related to the traffic activities (Grigoratos and 

Martini, 2015) from the nearby road, it was rather related to the Cu-based fungicides 

application at the beginning of the grapevine development (Gimeno-García et al., 1996; 

Wightwick et al., 2008). The concentrations of the other PTEs, such as Pb and Zn, in 

mosses exposed in the commercial vineyard, were lower than those obtained in the 

mosses exposed in the city of Belgrade (Vuković et al., 2016). Probably, the soil in the 
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vineyard was historically less contaminated by the Pb emissions from gasoline than the 

soil in the city area. Observing the measured REE concentrations, lower enrichment of 

the studied moss species was obtained in the vineyard than in the urban city area 

(Vuković et al., 2016) (Figure 5.4.3a,b), which was probably influenced by the modern 

technological REE sources in urban areas. 

The results obtained in this experiment for M4 and M6 moss exposure periods 

were also comparable with the results from experiments performed in the urban area in 

Serbia (Aničić et al., 2009a; 2009c) exposing S. girgensohnii for 4 and 6 months (Figure 

5.4.3c). The median of Cu concentrations in the moss bags exposed 4-months and 6-

months were measured in higher values in the vineyard area than in the urban area. For 

Al, Ba, Cd, Co, Cr, Fe, Ni, Pb, Sr, V and Zn in mosses the concentrations were in the 

same range with those measured in the urban background study in Belgrade (Aničić et 

al., 2009c). The most of measured REE concentrations in the mosses exposed in the 

commercial vineyard were in the same range with the REE measured in the moss 

exposed in urban background area (Aničić et al., 2009c), except Dy and Ga which 

concentrations were measured in higher values in the vineyard ambient (Figure 5.4.3c). 

In S. girgensohnii exposed during 6 months, the Sb and V concentrations in the 

vineyard were far below those in the urban area (Aničić et al., 2009c) while the Fe 

concentrations were similar to the concentrations measured in the urban ambient. 

However, Sb and V, specific tracers of traffic emission (Grigoratos and Martini, 2015) 

and fossil fuel combustion (Pacyna and Pacyna, 2001), are more typical for urban 

ambients. Observing REE enrichment in 6-month exposed moss, the moss material in 

the vineyard was more enriched by Dy and Eu than exposed moss in the urban ambient 

(Figure 5.4.3c). 
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Figure 5.4.3 Median concentration (mg kg-1) of the PTEs in S. girgensohnii and H. cupressiforme exposed 

in the commercial vineyard versus the comparative concentrations for the urban area exposed for: a) and 

b) 2 months (M2) (Vuković et al., 2016); and c) 4 months (M4) and 6 months (M6) (Aničić et. al. 2009a; 

2009b) (Milićević et al., 2017b). 

 

According to the discussed and compared moss bag biomonitoring performed in 

different ambients, it could be pointed out that in the presence of dominant PTE 

pollution source, the moss will give a “signal” of pollution. In this experiment, the 

strong “signal” of As, Cr, Cu, Ni, Fe and V were observed in the mosses for all 

exposure periods because of the presence of specific pollution sources. If there is not 

dominant emission source, the moss response to the element concentrations (Ba, Cd, 
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Mg, Mn, and Sr) becomes less reliable in terms to the fine spatio-temporal distribution 

of the concentrations (vineyard vs. urban background). 

Finally, 2-months moss exposure period could be appropriate for receiving a 

reliable “signal” of the PTEs enrichment in the agricultural ambient (vineyard), 

especially for the PTEs present in high quantities in the vineyard ambient. The results 

from this experiment imply that in the first 2-month exposure period, covering the most 

dynamic vegetation period for the grapevine development (from 20
th

 March to 20
th

 

May), the agrochemical treatments were the most frequent which was also indicated in 

Experiment 3 and this information was confirmed by personal communication with 

viticulturists (2015). In the case of comparable regional studies, the 6-months period 

which covers all the investigated vineyard season could be a pragmatic choice for the 

moss exposure reflecting the air pollution more representatively. 

5.4.2. S. girgensohnii versus H. cupressiforme PTE enrichment  

Observing the literature based on the moss bag biomonitoring studies, S. 

girgensohnii has been the most recommended because it has a high capacity to entrap 

higher PTE concentrations than the other moss species (González and Pokrovsky, 

2014), but worldwide it is usually protected endemic species (Directive 92/43/EEC). 

Hence, various other moss species have been studied as an appropriate alternative to S. 

girgensohnii. The most specific for moss bag biomonitoring beside species-specific 

morpho-physiological features is the initial PTE concentration measured in unexposed 

moss, which is the most important for assessing the PTEs enrichment during the 

exposure (Culicov and Yurukova, 2006; Di Palma et al. 2016). In this experiment, the 

PTEs enrichment capacity was significantly (p<0.05) different between the studied 

mosses S. girgensohnii and H. cupressiforme, and also between different exposure 

periods. Only for Ba, Cd, Mg, and Sb concentrations, not significant differences 

between S. girgensohnii and H. cupressiforme were observed. Comparing three 

consecutive 2-month periods (1M2, 2M2 and 3M2), higher RAFs of most of the 

measured PTEs were observed in S. girgensohnii than in H. cupressiforme, exceptions 

were RAFs for Co, Gd, Lu, Ni, Pb, Sc, Tb and Yb (Figure 5.4.4, Table 8.5.1, Appendix 

5). Although that both moss species studied in this experiment were collected in the 

presumable background areas, the initial PTE concentrations in S. girgensohnii was 
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lower than in H. cupressiforme, which probably caused higher relative element 

enrichment in S. girgensohnii, and the exceptions were the concentrations of Co, Ni, Pb 

and Tb. With the prolongation of the moss bag exposure time from 2-months (M2) to 6-

months (M6), for both studied mosses the trends of the PTEs enrichment were similar 

(Figure 5.4.4, Table 8.5.1, Appendix 5). Finally, in both exposed mosses the PTEs 

“signal” similarly changed with the exposure time (Figure 5.4.4). 

 

Figure 5.4.4 RAFs of the PTEs in S. girgensohnii and H. cupressiforme calculated for M2, M4 and M6 

(Milićević et al., 2018b). 

 

According to the correlation analysis which was applied in order to examine 

correlations between the PTE concentrations in the mosses exposed during the 

investigated periods (M2, M4 and M6), the significant (p<0.05) correlations were 

noticed for the concentrations of Cr (R=0.70), Cu (R=0.56), Sb (R=0.63) and Ti 

(R=0.76) between the investigated moss species (Table 8.5.2, Appendix 5). The 

significant correlations of Cu, Cr and Sb were also noticed in the experiments conducted 

in the urban area in Serbia (Vuković et al., 2015b; 2016), which promote an 

interchangeable use of S. girgensohnii and H. cupressiforme for biomonitoring of these 

PTEs in the investigated ambients (agricultural and urban). The same element pairs 

which concentrations were correlated within the species (Table 8.5.2, Appendix 5) 

imply that both studied moss species had a similar response to PTE concentrations 

present in the ambient and probably indicating the similar origin of the elements. The 
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pairs include Al, As, Ca, Co, Cr, Fe, Ni, V and Ti which are probably associated with 

the soil which could represent a diffuse PTEs source in the agricultural ambient (WHO, 

2006; Viana et al., 2008). As previously explained in Experiments 1, 2 and 3, the 

geogenic elements in soil (e.g. As, Cr, Ni and Pb) and soil long-term use for agricultural 

(agrochemical treatments) represent a significant source of these PTEs and could cause 

the described correlations between these element concentrations. Two elements, Cu (for 

both species) and Ni (for H. cupressiforme), were not in correlation with the others, 

which was possibly related to some specific pollution sources, for example, the 

pesticides and fertilisers treatments, respectively (Thomas et al., 2012). Additionally, all 

measured REE concentrations in the investigated periods of the moss bag exposure have 

a significant correlation each to other (R>0.7; p<0.01) (Table 8.5.3, Appendix 5). 

Comparing to the conclusions for the experiment performed in the urban ambient, 

where S. girgensohnii showed as more sensitive specie than H. cupressiforme moss 

(Vuković et al., 2015a, 2016), the PTEs enrichment in both studied moss species was 

similar in the vineyard environment. Finally, it can be concluded that H. cupressiforme 

could be comparable (Figur 5.4.5) to dominant species in the elements capture S. 

girgensohnii (Ares et al., 2012).  

 

 

Figure 5.4.5 PCA obtaining the associations between S. girgensohnii versus H. cupressiforme exposed 

during different periods in the vineyard ambient. 
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5.4.3 Variation the moss PTE concentrations across the vineyard as a potential diffuse 

pollution source 

In the S. girgensohnii and H. cupressiforme moss samples, the measured PTE 

concentrations were uniform across the studied parcels, an exception was the parcel VI 

(located near the metal foundry) (Figure 3.3). The concentrations of Cr, Co, Ni and Fe 

in mosses exposed in VI parcel were higher than the concentrations in the moss samples 

from the other parcels (marked by ellipses in Figure 5.4.1). Observing the literature, Cr 

could originate from the anthropogenic sources, such as metal smelters and metal 

finishing and Co could originate from metal processing industries; Ni and Fe can 

originate from some smelting furnace processes for the production of steel and various 

alloys (Kabata-Pendias and Mukherjee, 2007). Finally, enrichment of these PTEs in the 

mosses exposed in the parcel VI imply the possible influence of the foundry activities 

on air pollution in this vineyard parcel. 

Only the concentrations of Sb were decreasing in the both studied mosses which 

were exposed moving from the road along transects through the parcels I‒II‒III and IV. 

The highest measured concentrations of Sb were obtained in both the soil samples 

(Experiments 2 and 3) and moss collected from the first sampling sites (Maximum Sb 

concentrations in Table 8.3.1, Appendix 3 and Table 8.4.2, Appendix 4), which are the 

closest to the nearby highway road (assigned by the rectangles in Figure 5.4.1). 

Conversely to the other parcels, Sb concentrations in the mosses were homogenous in 

the parcel VI along transect. The parcel VI is located near the foundry, which probably 

suppresses the traffic influence. Abrasion of Sb-containing brake linings of vehicles 

represents one of the most common Sb anthropogenic sources in the environment 

(Grigoratos and Martini, 2015). 

The spatial distribution of the other measured PTEs, along the parcels’ transect 

in the moss and soil samples from Experiments 2 and 3 (Table 8.3.1, Appendix 3 and 

Table 8.4.2, Appendix 4), was uniform. Finally, because there were not present point or 

line pollution sources, vineyard could represent a diffuse (area) pollution source of 

PTEs (WHO, 2006; EEA, 2007) including agrochemical treatments and polluted soil 

resuspension. 
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5.4.4 Could grapevine leaves bioindicate air pollution in the commercial vineyard 

ambient? Grapevine leaves concentrations versus moss concentrations 

According to the results obtained in Experiment 3 (Milićević et al., 2018b), 

significant (p˂0.05) correlations between Cr concentration in the leaf from May (leaf 

set phase) and July (veraison phase) and its concentration in the moss bag samples 

exposed in the vineyard during 2- and 4-month periods: Cr in the leaf in May vs. Cr in 

the moss bag after 2-months exposure: R=0.43; Cr in the leaf in July vs. Cr in the moss 

bag after 4 months of exposure: R=0.52; p˂0.05. Additionally, the concentration of Co 

in the leaf samples collected in July and its concentration in the moss bag samples 

exposed for 4 months significantly (p˂0.05) correlated (R=0.53). Therefore, it could be 

assumed that the grapevine leaves collected one month before harvest (when the 

agrochemicals were not using anymore; personal communication, 2015) could indicate 

ambient Co and Cr pollution in the vineyard environment. Observing the previously 

mentioned correlations between Co and Cr concentrations in the leaves and the 

concentrations in the moss bags exposed in the commercial vineyard through the 

grapevine season, the grapevine leaves could be promoted as a potential bioindicator of 

the air pollution by PTEs (e.g., Co and Cr) in the vineyard ambient. 

Finally, the results from this experiment were published in the international 

journal Ecotoxicology and Environmental Safety (Manuscript: Assessment of species-

specific and temporal variations of major, trace and rare earth elements in vineyard 

ambient using moss bags; Milićević et al., 2017b). Furthermore, the attention was 

directed to investigation of the soil, plant and air pollution by PTEs in the organic 

vineyard ambient where is production organised without typical application or with the 

negligible quantity of the conventional agrochemical treatments (Experiment 5). 

Further, the investigations in the organic vineyard will be compared with the 

investigations performed in the experimental and the commercial vineyard 

(experimental−Experiment 1 and commercial−Experiments 2, 3 and 4). 
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5.5 Experiment 5: Is soil−plant−air system in the organic vineyard less polluted 

than in the commercial vineyards? 

5.5.1 Soil from the organic vineyard 

5.5.1.1 Element concentrations  

The soil samples from the organic vineyard were neutral to low alkaline (pH-

H2O (ranged from 6.90 to 8.90); pH-KCl (ranged from 6.97 to7.58) with low OM 

content (ranged from 0.37 to 1.90%) and high CEC (ranged from 25 to 40 cmol kg
-1

). 

The descriptive statistic of the element concentrations obtained in O soil layer, A 

(topsoil) layer and subsoil (control) samples are presented in Table 8.6.1, Appendix 6. 

The concentrations of measured PTEs were lower than MAC values prescribed by the 

national and international regulations (Official Gazette of Republic Serbia, 2010; EU 

Council Directive 86/278/EEC). The obtained concentrations of Cr and Ni were around 

the MAC values (Table 8.6.1, Appendix 6), but they were lower in all the analysed soil 

depths than their concentrations obtained in Experiments 2 and 3 conducted in the 

commercial vineyard (Milićević et al., 2018a, 2018b), but in higher than those 

concentrations obtained in the experimental vineyard described in Experiment 1 

(Milićević et al., 2017a) in Serbia. Additionally, the concentrations of these elements 

were in the significant correlation with the various elements concentrations (Cr−Al, 

Cr−Fe, Cr−Mg, Cr−K, Ni−Al and Ni−Li) (Table 8.6.2, Appendix 6) which represent the 

most important natural soil substrates (Kabata‒Pendias and Mukherjee, 2007). 

Moreover, there were not obtained significant differences between these two elements 

concentrations between the studied soil layers. Thus, it seems that Cr and Ni in the 

organic vineyard mostly have a geogenic origin which is in accordance with many 

previous investigations of the different soils across Balkan Peninsula (Ličina et al., 

2016; Dangić and Dangić, 2007; Salminen at al., 2005) and discussed previously in 

Experiment 1 and Experiments 2 and 3 (Milićević et al., 2017a, 2018a, 2018b). 

5.5.1.2 Element mobility in the soil 

Assessing efficiency and selectivity of the element extractions among the nine 

single extraction procedures, the most efficient extractants were 0.05mol L
-1

 Na2EDTA 

and 0.44 mol L
-1

 CH3COOH (Tables 7.6.3, 7.6.4 and 7.6.5, Appendix 6). Complexing 

agent Na2EDTA was shown as the most efficient extractant in this experiment as well as 
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in the previous experiments conducted in the experimental vineyard during harvest 

(Experiment 1), commercial vineyard during harvest (Experiment 2) and entire 

grapevine season (Experiment 3) in Serbia. Percentages of the PTE concentrations 

extracted by the nine different extractants vs. pseudo-total element concentration imply 

that the highest MF% of Co, Cu, Fe, Pb, Sb and Zn were extracted by Na2EDTA (Table 

8.6.5, Appendix 6). This extractant has proven to be the most effective and selective for 

the PTEs extraction (Inczédy, 1976), as it was observed in previous experiments. 

However, 0.44 mol L
-1

 CH3COOH extracted the highest concentrations of Al, B, Be, 

Cd, Cr, Mn, Ni and P probably because of the extractant acidity and its aggressive 

influence on carbonates which predominantly fix Cd and Mn in soil (Kabata‒Pendias 

and Mukherjee, 2007) but also could make bonds with other PTEs. 

Further, efficiency and selectivity between the extractants that have the similar 

chemical composition or molarities were compared. The deionised H2O extracted low 

concentrations of only the most water-soluble PTE fractions from the soil. Moreover, 

the prolongation of the extraction time (from 2 to 16 h) with deionised H2O on this soil 

type did not have more effective extraction influence. Comparing the chloride salts even 

their molarities are note equal, more efficient for the extraction of macro elements (Ca, 

Mg. Al and K recommended for the soil CEC assessment) from the soil were 0.1 mol L
-

1
 BaCl2, but it was not suitable for extracting some of the microelements. Additionally, 

0.01 mol L
-1

 CaCl2 could not be the most effective for extracting all the obtained 

elements, because Ca content could make an interference during determination (Hooda, 

2010), but it could be appropriate for extracting some of the PTEs from the soil (e.g., 

Al, Fe, Ni, V and Zn). The weak salt solution NH4NO3 extracted the highest 

concentrations of Ba, Ca, K, Mg and Sr (Table 8.6.4, Appendix 6). Comparing 

extractants based on Na-salt of the NO3
-
, weak salt solution (0.1 mol L

-1 
NH4NO3) was 

more efficient for extracting most of the determined elements (Al, Ba, Ca, Cr, Cu, Fe, 

K, Li, Mg, Mn, Na, Ni, P, S, Si, Sr and Zn), but for extracting B, Be, Cd, Co, Pb and V 

more effective was NaNO3 (Table 8.6.4, Appendix 6). The efficiency of NH4NO3 for 

extracting the elements from the soil was probably caused by NH4
+
 that could bound 

complexes and induces the additional release of these elements from the soil (Hooda, 

2010). 
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5.5.1.3 Environmental implications in the soil 

Biogeochemical index (BGI). To compare the concentrations in O soil layer with 

concentrations in A soil layer, BGI was calculated (Table 8.6.6, Appendix 6). The 

median BGI values for most of the elements indicated that there were not high PTEs 

sorptions in the O layer (˂1 or ≈1; Table 8.6.6, Appendix 6; Figure 5.5.1). Thus, there 

was not frequent anthropogenic influence on O layer. Otherwise, as previously 

mentioned the soil of the Balkan Peninsula is enriched by As, Cr, Ni and sometimes Pb 

(Ličina et al., 2016; Dangić and Dangić, 2007; Salminen at al., 2005). Thus, most of the 

obtained PTEs in the organic vineyard probably have a geogenic origin. Only the 

concentrations of B, Na, S and Si had high BGI values (Figure 5.5.1) probably because 

of the application of some natural fertiliser quantities that are containing these elements. 

Comparing with the other studies conducted in the agricultural area, BGIs obtained for 

the elements in the organic vineyard (Table 8.6.6, Appendix 6) were lower than those 

calculated for the forest and the grassland soils (Mazurek et al. 2017). 

 

Figure 5.5.1 BGI (-) calculated for each of the measured element concentration in O soil layer; the middle 

line of the box represents the median value, top and bottom represent first and third quartiles and 

whiskers represent maximum and minimum of values; “°” represent outliers and “*” represent extremes. 
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Contamination factor (CF) and pollution load index (PLI). To investigate whether there 

any environmental implication caused by the PTE concentrations in the O and A layers 

in the organic vineyard, the CFs were calculated (Table 8.6.7, Appendix 6). For both O 

and A layers the CFs were low or moderate (CF˂1 or 1˂CF˂3; Table 8.6.5, Appendix 

6; Figure 5.5.2a), except for B in the soil collected in July when CFs were very high in 

the O soil layer (Figure 5.5.2.b; the red circled are the CFs obtained for the soil 

collected in July). Thus, even the grapevine was not treated with commercial pesticides, 

in the organic vineyard, B could originate from the neighbour parcels where B-based 

pesticides (Borax) had been used (Kabata‒Pendias and Mukherjee, 2007).  

In addition, PLIs for all the investigated parcels in the organic vineyard were 

low (PLI≈1) (Table 8.6.7, Appendix 6; Figure 5.5.2a). The PLI values in A layer (0−30 

cm) were similar or slightly higher than the values obtained for the topsoil samples in 

Experiment 1−experimental and Experiments 2 and 3−commercial vineyards in Serbia 

(Milićević et al., 2017a, 2018a, 2018b). In accordance, the SOM algorithm was applied 

in propose whether any differences exist between PLI indices depending on the 

vineyard ambient, identified only two clusters of the particular samples as represented 

by SOM resulting map, neighbour distance plot and dominant blue circles in contrast to 

the light blue and yellow ones (Figure 5.5.3a,b,c). The result implied that no distinction 

exists between the burden of soil samples by PTEs in the organic and the commercial 

(Experiment 3) vineyards (Figure 5.5.3a,c). The exceptions were PLI values for the 

samples (25, 43, 48, 77 and 78) in light blue circles and the samples (26 and 80) in 

yellow circle (Figure 5.5.3c). The samples with PLI which differ from other are the 

nearest samples to the metal foundry from parcel VI, which were collected in April, 

May and July (26−in yellow circle, 48−in light blue circle, 80−in yellow circle, 

respectively), and the other values of PLI grouped in light blue circles were for samples 

from V parcel collected in April and July (25, 77 and 78) (Figure 5.5.3c). 
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Figure 5.5.2 a) CF (-) for all obtained PTEs and the median pollution load index (PLI) values (-) in the O and A soil layers; b) CFs (-) obtained for B in all the analysed 

soil samples (the red circled values are the CFs obtained for the soil samples collected in July). 

 

a b 
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Figure 5.5.3 Self-organizing maps (SOM) classifying differences between the pollution load index (PLI) 

values obtained for the soil samples in the organic (green circled values 1-15) and the commercial 

(samples from 16 to 106) (Experiment 3; Milićević et al.. 2018a) vineyards; b) Count plots; c) Neighbor 

distance plot. 

 

Environmental risk (Eri, RI). Environmental risk assessment obtained for PTEs, such as 

As, Cd, Cr, Cu, Ni, Pb and Zn, were<40 (Table 8.6.8, Appendix 6; Figure 5.5.4), which 

is defined as low (Guo et al., 2010). In addition, the highest value was ErCd (Figure 

5.5.4), which indicated that the concentration of Cd, even in low concentration in this 

soil samples had the highest influence on the environmental risk in this soil. Moreover, 

according to the scale defined by Guo et al. (2010), RI (31<RI<64; Table 8.6.8, 

Appendix 6) in the organic vineyard was low (Table 8.6.8, Appendix 6). 
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Figure 5.5.4 Eri (i=As. Cd. Cr. Cu. Ni. Pb and Zn) (-) calculated for toxic elements (As. Cd. Cr. Cu. Ni. 

Pb and Zn); the middle line of the box represents the median value, top and bottom represent first and 

third quartiles and whiskers represent maximum and minimum of values; “°” represent outliers. 

Comparing the obtained results to the RI values calculated in the commercial 

vineyard, RI obtained for the organic vineyard soil was significantly lower (Figure 

5.5.5a). Complementary to the results of Wilcoxon signed-rank test, the SOM analysis 

distinguished patterns of RI dissimilarity in the studied vineyards (Figure 5.5.5b,c,d). A 

strong difference was observed regarding the vineyard ambients as shown by dark blue 

circles which represent samples from the commercial vineyard (Experiment 3) in counts 

plot, and the lighter ones illustrating the samples from the organic vineyard (Figure 

5.5.5c). Thus, the ecological risk in the organic vineyard was pointed out as 

significantly different (lower) than in the commercial vineyard (Experiment 4). 
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Figure 5.5.5 a) Ecological risk (RI) (-) calculated for organic vineyard (green box−plot) and commercial 

vineyard (Experiment 3; Milićević et al., 2018b); b) Self organising maps (SOM)-mapping type SOM 

observing differences between values obtained for organic vineyard (green circled values from 1 to 15) 

and commercial vineyard (values from 16 to 106); c) count plots SOM; d) neighbour distance plot SOM. 

 

Bioavailability risk assessment (BRAI). Observing the calculated BRAIprobable, moderate 

to high bioavailability risk was noticed, while according to BRAIapparent low to moderate 

bioavailability risk was observed (Table 8.6.9, Appendix 6). Although, the total 

concentrations of those element applied for the BRAI calculation were lower than the 

total concentrations in the soil from the other investigated vineyards (Experiments 1 and 

3; Milićević et al., 2017a; Milićević et al., 2018b), still the bioavailability risk was 

higher, which is probably influenced by the higher Cd mobility, extracted from the soil 

by Na2EDTA in higher concentrations than in Experiment 3. Between BRAIprobable and 
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BRAIapparent, the significant (p˂0.01) correlation (R=0.99) was observed, that was also 

proved by the regression analysis (R
2
=0.97) between these values (Figure 5.5.6). Thus, 

as in the previous Experiment 3 where the BRAIapparent was developed, the significant 

correlation between the previously applied BRAIprobable confirmed that BRAIapparent could 

be used as a relevant equation for the bioavailability risk assessment in the soil 

including a larger element set for the calculation. 

 

 

Figure 5.5.6 Regression analysis between the BRAIprobable (-) and BRAIapparent (-) values obtained for the 

soil samples from the organic vineyard. 

The obtained BRAIprobable in the organic vineyard was higher than BRAIprobable 

observed in the commercial vineyard in Serbia, while BRAIapparent was similar to 

BRAIapparent in the commercial vineyard (Experiment 3; Milićević et al., 2018a) (Figure 

5.5.7). The median values of BRAIprobable in the organic vineyard (the values were 

ranged from 1 to 2.67; Table 8.6.9, Appendix 6) were slightly lower than BRAIprobable of 

the urban soil (Madrid et al., 2008), while the values were significantly lower than 

BRAIprobable values for the mining areas (Anju and Banerjee, 2011), the agricultural soils 

(Poggio et al., 2009) and residential sites (Poggio et al., 2009). 
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Figure 5.5.7 BRAIprobbable versus BRAIapparent, calculated for the organic vineyard (green box-plots) and 

commercial vineyard (Experiment 3) (red box-plots); the middle line of the box represents the median 

value, top and bottom represent first and third quartiles and whiskers represent maximum and minimum 

of values. 

5.5.1.4 Health risk assessment for PTEs in the soil 

According to applied health risk assessment calculations (Table 3.4), adjusted to 

simulate farmers exposure to the soil in the organic vineyard during the grapevine 

season (from April to October), both non-cancerogenic risk (HI˂1; Table 8.6.10, 

Appendix 6) and carcinogenic risk (R≤10
-5

; Table 8.6.10, Appendix 6) were low. 

These values were slightly lower than those obtained in Experiment 2 calculated for the 

field workers in the commercial vineyard (Table 8.3.8, Appendix 3), which indicated 

that during a long exposure time, the organic production environment could be healthier 

for the field workers. Otherwise, as it was observed in Experiment 2 in the commercial 

vineyard, in the organic vineyard the oral intake also had the highest impact on non-

carcinogenic risk, which leads to further ingestion and risk for human health. The total 

carcinogenic risk in the organic vineyard was within the acceptable range proposed by 

EPA (US EPA, 2005). 
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5.5.2 Grapevine samples 

5.5.2.1 Element concentrations in grapevine samples (leaf, petiole, whole berry, skin, 

pulp and seed) 

The descriptive statistic of the element concentrations measured in different 

grape parts (seed, pulp, skin and whole berry), petiole and leaf are presented in Tables 

7.6.11 and 7.6.12, Appendix 6. The element concentrations in the grapevine samples 

(leaves, petiole and grape berries) did not vary significantly (p<0.05) between the 

studied parcels in the organic vineyard and the grapevine varieties. Moreover, observing 

the concentrations of the elements measured in the outer parts of the grapevine (skin, 

petiole and leaf), the highest concentrations were observed in the leaves (Tables 7.6.11 

and 7.6.12, Appendix 6), which imply that the leaves probably because of the plate and 

rough structure more efficiently entrap air deposits than the other grapevine parts, as it 

was also obtained in Experiment 2 conducted in the commercial vineyard. In addition, 

only Ba and Na were measured in higher concentrations in the petioles than in the other 

grapevine parts (Tables 7.6.11 and 7.6.12, Appendix 6). In accordance with the 

previously studied commercial vineyard where was concluded that these two elements 

in the grapevine parts mostly originate from the soil (Experiment 2 and 3; Milićević et 

al., 2018a, 2008b) it could be assumed that also in the organic vineyard these elements 

from the soil mostly accumulated in the petiole. 

In the grapevine berry samples, the PTE concentrations were lower than the 

concentrations in the leaf and petiole samples (Tables 8.6.11 and 7.6.12, Appendix 6). 

The leaf samples in the organic vineyard had lower PTE concentrations than those 

measured in the leaves from those obtained in the Experiments 1 and 2, conducted in the 

experimental and the commercial vineyards (Table 8.2.2, Appendix 2, Table 8.3.3, 

Appendix 3). The national regulations of the Republic of Serbia prescribe the MAC for 

only a few elements in fresh fruit (grape) (Official Gazette of Republic Serbia, 2011). 

Accordingly, the concentrations of PTEs (As, Cd and Pb) in the grape berries (Table 

8.6.11, Appendix 6) were lower than the MAC (Official Gazette of Republic Serbia, 

2011). Among the grape berry parts (skin, pulp and seed), the highest concentration of 

the elements was determined in the grapevine seeds. Namely, the concentrations of the 

elements in the grapevine parts were slightly lower than those in the previously studied 
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varieties described in Experiments 1 and 2 (Milićević et al., 2017a; Milićević et al., 

2018a). 

Finally, according to the applied equations for assessing the environmental 

implications for the soil samples, only B and Cd had an influence on the soil 

contamination and bioavailability risk, respectively. According to the concentrations 

distribution for different grapevine parts (seed, pulp, skin, petiole and leaf), it could be 

assumed that the concentration of Cd had a higher influence to the inner parts of the 

grapevine (seed and pulp) and the concentration of B mostly had an influence to the 

grapevine leaves (Figure 5.5.8). Thus, these two elements obtained in the grapevine 

parts from the organic vineyard, probably originate from the different sources, Cd 

originates only from the soil and B originates from the air deposition of this element on 

the soil and leaves. 

 

 

Figure 5.5.8 PCA representing the distribution of B and Cd concentrations in the different grapevine 

parts; seed−orange circle: samples 1−5; pulp−yellow circle: samples 6−10; skin, whole berry and petiole− 

a set of purple, blue and gray circles, samples: skin (11−15); whole berry (16−20) and petiole (21−25); 

leaf−green circle: samples 26−30. 
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5.5.2.2 Environmental implications of the grapevine samples (BAC and RF) 

According to the calculated BACs, the studied varieties could not easily 

accumulate PTEs (BAC˂1). Although the grapevine was not hyper-accumulating PTEs 

from the soil, they probably slightly accumulated some quantities of PTEs from the soil. 

Thus, observing BAC values, the grapevine has mostly the tendency to accumulate B, 

K, Mg and P (Table 8.6.13, Appendix 6) in the case of neutral to low-alkaline soil with 

low OM content. Moreover, all these elements are constituents of the fertilisers used in 

some low quantities in organic production, but also could originate from neighbour 

parcels. However, from these elements only B in higher concentrations could cause 

serious problems to the plant development and further could have slightly toxic effects 

to the human health (Kabata‒Pendias and Mukherjee, 2007). 

However, according to the calculated RFs some of the elements, (Al, As, B, Ba, 

Be, Cu, Mn, Mo, Ni, P, Pb, Sb, Sr, V and Zn), especially those observed in the leaf 

samples (Table 8.6.14, Appendix 6; Figure 5.5.9), could originate from the air 

deposition and remote pollution sources. According to the observed RFs of the 

previously tested grapevine varieties in Experiment 2 and 3 (Milićević et al., 2018a, 

2018b), the organically growth grapevine leaves indicate more intensively air pollution 

influence than commercially growth grapes. The leaves in organic vineyard probably 

more intensively reflect the air deposition because of the absence of the frequent 

agrochemical treatments and because of the lower influence of PTEs from the soil. 

Thus, the initial PTEs levels in the organically grown leaves were lower than these 

conventionally grown. 

 

Figure 5.5.9 RF (-) calculated for the outer grapevine parts (leaf, skin and petiole). 
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5.5.2.3 Health risk assessment for the grape consumers 

Based on the health risk assessed for the grape consumers, the non-carcinogenic 

risk for the human intake of organically grown grapes (adults and children) were not 

observed (HI˂1; Table 8.6.15, Appendix 6). Moreover, according to the adjustable 

formula for the total carcinogenic risk, it was not found for the grapevine consumers 

(R≤10
-5

; Table 8.6.15, Appendix 6). The values of the health risk indexes were lower 

than the health risk observed in Experiment 2, in the commercial vineyard (Milićević et 

al., 2018a), and thus, observing the long-term consumption, the grapevine growth in the 

organic vineyard could be safer for consumers. 

5.5.3 Air pollution assessment influenced by PTEs using moss bag technique 

The concentrations of all the measured elements in the mosses were above the 

LOQT, except for K and Na which were also pronounced in Experiment 4 and in the 

previous moss bag biomonitoring studies (Adamo et al., 2003; Aničić et al., 2009a; 

Milićević et al., 2017b). According to the element concentrations in the moss samples 

after 2-month exposure, reliable “signal” of PTEs was noticed (Table 8.6.16, Appendix 

6) in this experiment as well as in Experiment 4. However, comparing to the other 

studies where active moss biomonitoring was performed during 2 months, in the organic 

vineyard the concentrations of most of the measured elements were significantly lower 

than those observed in Experiment 4, in the agricultural (commercial vineyard) and 

urban (the crossroad and urban background sites) areas (Figure 5.5.10a) (Vuković et al., 

2016; Milićević et al., 2017b). The observed element concentrations in the moss 

samples exposed for 4-month period indicated that there were the lower PTE 

concentrations (Table 8.6.16, Appendix 6) in the mosses exposed in the organic than 

those exposed in the commercial vineyard (Experiment 4; Milićević et al., 2017b) and 

suburban area (Aničić et al., 2009c) (Figure 5.5.10b). Thus, from the aspect of the moss 

bag biomonitoring application in a presumably non-polluted ambient due to the absence 

of the agrochemical additions, a reliable “signal” of PTE enrichment (>LODT) was 

detected in the biomonitor after 2-month exposure. It seems that previously selected 

exposure time of 2-months might be kept for the future intercomparative studies with 

different land use classes such as urban or industrial ambient.  
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Figure 5.5.10 Median concentration (mg kg-1) of the elements in S. girgensohniia: a) exposed during 2 

months (2M) in the organic vineyard (OV 2M) vs. the comparative values for commercial vineyard (CV 

2M) (Milićević et al., 2018b), the crossroads (CR 2M) and the urban background (UB 2M) ambients in 

Belgrade (Vuković et al., 2016); and b) exposed during 4 months in the organic vineyard (OV 4M) vs. the 

comparative values from the commercial vineyard (CV 4M) (Milićević 2017b) and urban area (UA 4M) 

(Aničić et. al. 2009). 

 

Because the initial concentration can influence the pollutant enrichment in moss 

once when it is exposed in the field, excluding the influence of initial element 

concentrations is specific for the moss bag biomonitoring. Hence, the previous claims 

about element concentrations in the moss exposed in the organic vineyard have been 

confirmed by the calculated RAF values (Table 8.6.16, Appendix 6), which were also 

lower than those observed in Experiment 4 conducted in the commercial vineyard and 

those obtained in the urban area in Belgrade (Aničić et al., 2009a; Vuković et al., 2016; 

Milićević et al., 2017b). According to the calculated RAFs, slightly higher values 

(RAF˃1) for Al, As, B, Cd, Co, Cr, Fe, Sb, V and Zn than the values for other measured 
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elements were observed (Table 8.6.16, Appendix 6). In addition, RAF calculated for B 

was significantly higher than RAF for Cd which also implies that higher accumulation 

of B in moss confirmed its airborne origin in the grapevine leaves while lower moss 

accumulation of Cd implied that this element was not significantly accumulated from 

the air deposition. Observing the RAF values, the higher accumulation of some 

elements (Al, As, Co, Cr, Fe, Pb, Sb and V) were observed during 4-month than 2-

month exposure (Figure 5.5.11), which confirms the previous observation in 

Experiment 4, that in the agricultural area more than 2-months could give more reliable 

cumulative pollution “signal” (Experiment 4; Milićević et al., 2017b). Contrary, for 2-

month bag exposure the moss showed higher B, Cd and Zn enrichment. As it previously 

noticed, the concentrations of B were also increased in the soil O layer samples 

collected in July when the moss bags were exposed, as well. This period of 2-month 

moss exposure (from May to July) represents the grapevine growing period and 

probably some allowed agrochemicals were applied during this period and also these 

elements could originate from the neighbour parcels where some of the pesticides or 

fertilisers containing B and Zn were used for the treatment of the agricultural product. 

Comparing the PTE enrichment in moss, slightly higher RAF values were observed in 

moss exposed during 4 months for Al, As, Co, Cr, Fe, Pb, Sb and V than in moss 

exposed during 2 months, which can originate from the soil resuspension or some 

machine movements from the neighbourhood. 

 

Figure 5.5.11 RAF (-) for the mosses exposed for 2 and 4 months in the organic vineyard ambient. 



Results and discussion, Experiment 5 

135 
 

 

Finally, the results from this experiment have been submitted for the publication 

in the international journal. Further, on the samples collected from commercial and 

organic vineyards some non-destructive techniques were applied to obtained PTE 

concentrations and magnetic PMs. These techniques were used because of their cost-

efficiency, fast performance and user-friendly (there is not a necessity for chemical 

digestions with strong acids). Overall, the main goal for the next experiment set up was 

testing magnetic parameters (SIRM and χ) as a proxy for the ambient pollution in the 

vineyard ambients. 
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5.6 Experiment 6: Magnetic parameters as a proxy for soil and leaves particle 

pollution in the commercial and the organic vineyards 

5.6.1 Magnetic parameters in the soil and leaf samples 

The measured SIRM (mass-normalised) and χ (mass-normalised) values in the 

soil and leaf samples are presented in Table 8.7.1, Appendix 7. The soil SIRM in the 

samples from commercial vineyard ranged from 721×10
-6

 µA m² kg
-1

 to 9735×10
-6

 µA 

m² kg
-1

, whereas the SIRM values in the soil from organic vineyard ranged from 

501×10
-6

 µA m² kg
-1

 to 2771×10
-6

 µA m² kg
-1

. The soil χ values in the commercial 

vineyard ranged from 1.60×10
-7

 m
3
 kg

-1
 to 3.13×10

-3
 m

3
 kg

-1
 in samples while in 

organic vineyard values ranged from 3.25×10
-8

 m
3
 kg

-1
 to 3.50×10

-3
 m

3
 kg

-1
. The mean 

values of both magnetic parameters (SIRM and χ) (Table 8.7.1, Appendix 7) obtained in 

the investigated vineyards were lower than those obtained in the soils collected from 

mining and smelting region (Wang et al., 2018). The soil χ values in the investigated 

vineyards were higher than the values measured in desert soils collected far from 

cultivated land and human activities and with a natural vegetation (Liu et al., 2017) and 

similar to the values obtained in the soils from irrigated cropping, dry-land farming and 

pasture area (Asgaria et al., 2018). 

The measured leaf SIRM values obtained for the samples from the commercial 

vineyard ranged from 25×10
-6

 µA m² kg
-1

 to 178×10
-6

 µA m² kg
-1

 (Table 8.7.2, 

Appendix 7). The leaf SIRM values of the samples from the organic vineyard were 

slightly higher than those obtained in the commercial and ranged from 48×10
-6

 µA m² 

kg
-1

 to 237×10
-6

 µA m² kg
-1

. The leaf χ values in the commercial vineyard ranged from 

−1.43×10
-7

 to 2.33×10
-8

 m
3
 kg

-1
, while in the organic vineyard leaf χ values ranged from 

−5.76×10
-7

 to 2.13×10
-8

 m
3
 kg

-1
. As observed by Hofman et al. (2017), who reviewed 

46 published studies, the leaf SIRM values (mass-normalised) were widely ranged from 

0.002 to 27.50×10
-3

 A m
2
 kg

-1
, while χ values were ranged from −0.9×10

-8
 to 846×10

-8
 

m
3
 kg

-1
. Besides these ranges have shown large variabilities due to varieties in 

morphological characteristics of selected species, sampling location and exposure time, 

the leaf SIRM and χ values from the investigated vineyards were low. Comparing the 

grapevine leaf SIRM values with SIRM values determined in mosses (Vuković et al., 

2015a), the SIRM leaf is lower than the moss SIRM, probably because the leaf surface 
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particle accumulation capacity appears to be lower due to the leaf smoother surfaces 

compared to mosses which have markedly higher surface and a phyllodes cuticle 

absence (Hofman et al., 2017). 

Observing the obtained soil SIRM and soil χ values in the samples from two 

vineyards, the soil SIRM values were slightly higher for the soil from the commercial 

vineyard than those obtained for the samples from the organic vineyard (Figure 5.6.1a), 

while the higher leaf SIRM values were obtained in the organic vineyard (Figure 

5.6.1b). This was in accordance to the observed results in Experiment 5 conducted in 

the organic vineyard where it was assumed that the leaves from organic vineyard 

probably rather reflected neighbour or remote air pollution due to the absence of the 

local foliar agrochemical application in the area. 

 

Figure 5.6.1 SIRM values (Am2 kg-1) in a) soil samples, b) leaf samples and χ values (m3 kg-1) in: c) soil 

samples and d) leaf samples from commercial and organic vineyards; orange box-plots represent results 

for the commercial vineyard, while green box-plots represent the organic vineyard; the middle line of the 

box represents the median, top and bottom represent first and third quartiles and whiskers represent 

maximum and minimum values; “°” represent outliers and “*” represent extremes. 
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The obtained χ values for both soil and leaf were measured in a similar range in 

both investigated vineyards (Figure 5.6.1c,d). However, soil χ values indicated some 

polluted samples from commercial vineyard (Figure 5.6.1c, orange box-plot, circled) 

parcel (parcel V; Figure 3.3) located near the highway road. In addition, observing the 

soil χ values in the organic vineyard (Figure 5.6.1c, green box-plot, circled) through the 

entire investigated season (Figure 3.4), χ values indicated that the parcel 4 is potentially 

polluted probably because of its position (near the Danube River and not surrounded 

and protected by the trees and shrubs barrier) (Figure 3.4) so some remote air pollution 

could impact the parcel.  

Observing the distribution of both soil SIRM and soil χ values for the samples 

collected through the grapevine season in investigated vineyards (Figure 5.6.2a,b,c,d), 

there were not observed significant differences between the values of both magnetic 

parameters obtained through the grapevine season in the soil from the commercial 

vineyard (Figure 5.6.2a,c). However, it can be noticed that both magnetic parameters 

indicated some sampling sites located near the road as markedly different from other 

sites (Figure 5.6.2a,c) in the commercial vineyard. According to soil SIRM, in the 

organic vineyard, the highest magnetic PM content in the soil was observed in July 

contrary to soil χ values which indicate the highest magnetic PM content in samples 

from organic vineyard collected in August (Figure 5.6.2b,d). The values of SIRM are 

indicative for the concentration, composition and grain size of magnetic PM, while χ 

values are indicative for the concentration of magnetic PM. Thus, the diversities of 

SIRM and χ as a proxy for pollution could also be a consequence of the potential 

presence of magnetic PM with different grain size and composition which could be 

identified by the ratios of SIRM/χ, where higher SIRM/χ ratio indicates smaller grain 

size (Wang et al., 2017; Salo et al., 2017). As soil χ represent an exclusive indicator of 

PM levels, due to soil χ values obtained for samples from organic vineyard, the vineyard 

parcel 4 appeared to be more influenced by potential air deposition influence of 

magnetic PM in this parcel (Figure 5.6.2d). This parcel is located together with parcel 5 

near the Danube River (Figure 3.4) which coastline is known for numerous crop fields 

and agricultural activities that could represent a remote diffuse source of dust pollution. 
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Figure 5.6.2 Soil SIRM values (Am2 kg-1) obtained for samples collected through the vineyard season in 

a) commercial and b) organic vineyards; and soil χ values (m3 kg-1) in samples from c) commercial and d) 

organic vineyards; the middle line of the box represents the median value, top and bottom represent first 
and third quartiles and whiskers represent maximum and minimum of values; “°” represent outliers and 

“*” represent extremes. 

 

In parallel, observing the distribution of the leaf SIRM and leaf χ values 

obtained for the samples from the commercial and the organic vineyards (Figure 

5.6.3a,b,c,d) only leaf SIRM indicated differences in magnetic PM levels and 

composition in the leaves through the season (Figure 5.6.3a,b). According to these 

distributions, in the commercial vineyard the highest SIRM values were observed in 

August (harvest period) and for some sites near the highway road (Figure 5.6.3a, circled 

values). In the organic vineyard, there was a prominent magnetic PM accumulation 

(Figure 5.6.3b, circled values) in the leaves from parcel 5 (which is located with parcel 

4 near the Danube River) (Figure 3.4). 
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Figure 5.6.3 Leaf SIRM values (Am2 kg-1) obtained in samples collected through the grapevine season in 

a) commercial (circled samples are the leaf samples collected from the nearest sampling sites to the 

highway road), b) organic (circled samples are the leaf samples from the parcel 5-located together with 

parcel 4 near the Danube River) and χ values (m3 kg-1) in leaf samples from c) commercial and d) organic 

vineyards; the middle line of the box represents the median value, top and bottom represent first and third 

quartiles and whiskers represent maximum and minimum of values; “°” represent outliers and “*” 

represent extremes. 
 

5.6.2 Non-destructive versus destructive method for element concentrations analyses 

Pseudo-total element concentrations in the soil and total element concentrations 

in the leaves obtained using ICP-OES and ICP-MS (Experiments 3, 4 and 5; Milićević 

et al., 2018a, b) were additionally analysed with non-destructive technique WD-XRF 

using screening Uniquant program. It was performed in order to compare the magnetic 

element concentrations in these environmental matrixes with the content of the 

magnetic parameters in the samples indicating the air pollutants content. Finally, all 
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these parallel analyses were done to investigate easy-performing and faster non-

destructive methods for indicative environmental pollution screening. 

Applying WD-XRF, a program Uniquant which is an appropriate for screening 

the element content in various samples: 22 element (Al, Ba, Ca, Co, Cr, Cu, Fe, K, Mg, 

Mn, Na, Ni, P, Pb, Rb, S, Si, Sr, Ti, V, Zn and Zr) concentrations were determined in 

the soil samples while 16 element (Al, Ca, Cu, Fe, K, Mg, Mn, Na, Ni, P, Rb, S, Si, Sr, 

Ti and Zn) concentrations were determined in the leaf sample. Because it is screening 

technique, this method was not so sensitive for the determination of the element 

concentrations present in trace and in this experiment it was not so appropriate for the 

leaf samples (Table 8.7.2, Appendix 7). It can be noticed that the element 

concentrations in soil and leaf obtained by the destructive methods were lower than 

those measured by the non-destructive methods (Table 8.7.3, Appendix 7). Namely, due 

to sample digesting (soil by aqua regia and leaves by HNO3 and H2O2), some element 

fractions associated with silicate could not be digested and dissolved totally. However, 

the non-destructive (WD-XRF technique; Uniqunat software) were less sensitive for the 

trace element concentration determination, especially for the leaf samples where many 

of the PTEs (e.g., As, Be, Bi, Cd, Co, Cr, Mo, Pb, Sb and V) were present in low 

concentrations (Experiment 2, 3 and 5). Otherwise, the concentrations of the elements 

obtained with ICP-OES and ICP-MS, and WD-XRF, except Pb and V in the soil and 

Mg, Mn, Na and Zn in the leaf samples, were significantly correlated (for soil R ranged 

from 0.40 to 0.99, and for leaf R ranged from 0.40 to 0.85; p<0.05) (Tables 7.7.4 and 

7.7.5, Appendix 7). Thus, both total and (pseudo)total element concentrations obtained 

by non-destructive and destructive methods were equally evaluated in order to estimate 

the magnetic parameters as a proxy for potential magnetic PM pollution in the vineyard 

ambient. 

5.6.2.1 Correlations between magnetic parameter values and element concentrations  

The significant (p<0.01) correlations between magnetic parameters (SIRM and 

χ) in the soil samples from both commercial and organic vineyards (R=0.84; R=0.60, 

respectively) were observed. Thus, it seems that these two magnetic parameters could 

give similar information about magnetic PM content in the soil. According to the 

correlation analysis between the magnetic parameters and element concentrations in the 

soil samples, the significant correlations were obtained between soil SIRM values and 
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pseudo-total concentrations of As, B, Ca, Cr, Mg, Ni and Sb, as well as total-content of 

Ca, Cr, Fe, K, Mg, Ni, Rb and Zn (Table 8.7.6, Appendix 7). Moreover, in the 

commercial vineyard, χ correlated with the same element concentrations with which 

SIRM values also correlated with (Table 8.7.6, Appendix 7). Thus, both magnetic 

parameters correlated with Fe, which is significant ferromagnetic, and with other PTEs 

(Table 8.8.6, Appendix 8) that could be naturally associated with total Fe content in the 

soil (Kabata-Pendias and Pendias, 2001). Those PTEs in the soil mostly originated from 

the parent rock (Experiments 3, 5), and some of them e.g., Cr, Ni (Experiments 2 and 3) 

and Sb (Experiment 4) could originate from the surrounding anthropogenic sources in 

the commercial vineyard. In addition, in the organic vineyard, the significant positive 

correlations were observed between the soil SIRM values and Bi, Co, Cu, Fe, K, V and 

Zn pseudo-total concentrations and also Al, Ba, Cu, Fe, K, Na, Rb, Si, Ti, V, Zn and Zr 

total concentrations (Table 8.7.6, Appendix 7). The χ values significantly correlated 

with Be, Bi, Cd, Co, Cu, Fe, K, Li, Mn, P, Pb, S, V and Zn pseudo-total concentrations 

and also with Al, Ba, Co, Cu, Fe, K, Mn, Ni, P, Rb, S, Si, Ti, V, Zn and Zr total 

concentrations in the soil from the organic vineyard. Finally, all these significant 

positive correlations between elements and not high SIRM and χ values implied that the 

soil from the organic vineyard was not so contaminated by airborne PM and associated 

PTEs, which mostly have a geogenic origin. 

Comparing the soil SIRM and soil χ values with pseudo-total and total PTE 

concentrations obtained in the samples, it can be assumed that these two soil samples 

were significantly different (Figure 5.6.4, green point-samples from organic vineyard; 

red points-samples from the commercial vineyard). According to PCA, it can be seen 

that almost all the determined elements were grouped in the same quadrant 

characterised the samples from the commercial vineyard. Thus, higher PTE 

concentrations in the commercial vineyard influenced higher soil SIRM and soil χ 

values, probably because in the commercial vineyard the overall PTE concentrations in 

soil were contributed by both geogenic and anthropogenic sources. Finally, soil SIRM 

and the soil χ were highly associated with the elements in these samples (Figure 5.6.4). 

Conversely, only the concentrations of As and Pb grouped in the same quadrant with 

samples from the organic vineyard (Figure 5.6.4), which was generally less polluted 

ambient than the commercial, but the concentrations of these two elements were 
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obtained in higher concentrations in the topsoil from the organic than topsoil from the 

commercial vineyard. Nevertheless, the As and Pb concentrations were measured in the 

concentrations lower than MAC and their concentrations were significantly correlated 

each to other (R=0.64; p<0.01). Aside to, the environmental implication indices (BGI, 

CF and Eri) obtained for the soil from organic vineyard implied low contamination by 

As and Pb (Tables 7.6.6, 7.6.7 and 7.6.8; Appendix 6), which indicated their 

predominantly geogenic origin. 

 

Figure 5.6.4 PCA distinguishing the soil samples from two vineyards (soil samples from organic vineyard 

are marked green and those from commercial vineyard are marked red) according to the magnetic 

parameters SIRM and χ (Sus), and element concentrations (total and pseudo-total). 

 

Observing the results for the commercial vineyard, the leaf SIRM and PTEs 

concentrations, the potential pollution sources were noticed near the particular parcels 

Thus, because in this study (Experiment 4) the samples were collected from each of the 

parcels among transect, for each parcel median, maximum and minimum were 

presented by the box-plots and these box plots were obtained for all phases through the 

grapevine season. According to these box plots graphs and applied Wilcoxon Signed 

Rank Test, the significant (p˂0.05) differences between the element concentrations and 

SIRM values through the parcels were observed only for Cr, Co and Ni in July and 

August (Figure 5.6.5a,b,c,d). The most similar spatial patterns for SIRM values and Co, 
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Cr and Ni concentrations were noticed (Figure 5.6.5a,b,c) in the harvest phase (August). 

The metal foundry in the vicinity of the vineyard parcel VI (Figure 3.3) possibly 

influenced the leaf enrichment by the particles with magnetic properties (Figure 5.6.5d) 

and Co, Cr and Ni concentrations (Figure 5.6.5a,b,c), as well. Usually, areas with long-

term industrial emissions of PTEs are expected to be highly contaminated (Massas et 

al., 2013; Kostarelos et al., 2015). 

 

Figure 5.6.5 Spatial distribution of a) Co; b) Cr; c) Ni concentrations (mg kg-1) and d) leaf SIRM values 

(μA m2 kg−1) through the parcels in the harvest phase; the middle line of the box represents the median 

value, top and bottom represent first and third quartiles and whiskers represent maximum and minimum 
of values; “°” represent outliers and “*” represent extremes (Milićević et al., 2018b). 

 

In the case of both investigated vineyards, the leaf χ values did not distinguish 

some specific polluted sampling sites and these values only correlate with a few 

elements. In the commercial vineyard leaf χ values correlated with Cr, Fe and Pb 

concentrations and in the organic vineyard with Mg and Bi concentrations. Thus, this 

magnetic parameter even measured in low quantities correlate with Fe which have very 

strong and positive response to magnetic field (Salo, 2017), and also with Bi which is in 

soil usually present as chalcopyrite (pyrite), which has ferrimagnetic properties and has 
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also strong and positive response to magnetic field (Salo, 2017). In addition, the 

correlation between χ values and Cr concentration could be explained by the association 

of Cr with Fe which have strong ferromagnetic properties. In the commercial vineyard 

the leaf SIRM values were significantly (p˂0.01 and p˂0.05) correlated with the 

pseudo-total concentrations of As, Ba, Ca, Co, Cr, Mg, Sb and Sr and total 

concentrations of Ca, Si, and Sr in the samples (Table 8.7.7, Appendix 7), and with Ba, 

Bi, Ca, Co, Cr, Fe, Li, Mg, Pb and Sr concentrations (ICP-OES and ICP-MS) in organic 

vineyard (Table 8.7.7, Appendix 7). The similar SIRM correlations with different 

element concentrations measured in the leaves were obtained in different studies, e.g., 

with Fe, Zn, Pb. Mn and Cd (Norouzi et al., 2016) and with Fe, Cr, Ni, Pb and Cu (Yin 

et al., 2013; Cao et al., 2015; Ma et al., 2015). Moreover, Fe and Mn are the 

macroelements typically present in different mediums while their correlations with Ni, 

Cu, Zn, Cr, Cd and Pb are typically related to the road traffic pollution (Hofman et al., 

2017). In addition, the other PTEs also can be grouped as traffic-related PM originating 

from abrasion of tires (Zn, Cd and Cu), brake pads and linings (Sb, Cu, Zn, Fe, Ba and 

Cr), corrosion (Fe, Cd, Zn, Cu, V and Ni), lubricating oils (V, Cd, Cu, Zn and Mo) or 

fuel additives (V, Cd, Zn and Pb) (Hofman et al., 2017 and references therein). 

Additionally, As, Cu, Mn, Ni, Pb, and Zn can originate from the combustion process 

(Wang et al., 2012; Hofman et al., 2017). 

Elements such as Co and Ni have very strong and positive ferromagnetic 

properties and their response to the magnetic field is very strong (Salo, 2017), which 

supports the obtained patterns of their similar distribution with SIRM values among the 

parcels in the commercial vineyard (Figure 5.6.5). In this experiment, the leaf SIRM 

distinguished different pollution intensities as it was also shown in the previously 

published studies. In accordance to the correlations between the leaf SIRM values and 

the PTEs concentrations, e.g., Co, Cr, and Ni, there was obvious indication of the 

anthropogenic pollution presence (Matzka and Maher, 1999; Muxworthy et al., 2003; 

Mitchell and Maher, 2009; Hofman et al., 2014; Castanheiro et al., 2016). Similar 

correlations between the SIRM values and Cr, Co and Ni concentrations in the moss 

samples were observed by Vuković et al. (2015a) and Salo et al. (2016). In parallel, 

according to PCA, the significant association between the leaf SIRM and Cr and Co 

concentrations were found for the samples from the commercial vineyard (Figure 5.6.6). 
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In addition, in the same quadrant are associated the soil samples collected in July and 

August (red marked samples) in the commercial vineyard, which proved that in these 

periods there were higher accumulations of Cr and Co in the leaves and SIRM appears 

to be a reliable proxy for these elements’ accumulation on the leaves (Figure 5.6.6). 

 

Figure 5.6.6 Association of the leaf SIRM values with Cr and Co concentrations in the commercial 

vineyard; the samples from July and August are marked with a red circle (red points); grey points 

represent the samples from the other investigated periods. 

 

In the organic vineyard, the significant correlations were also observed only 

between the element concentrations and SIRM whereas there were slightly correlations 

obtained between the leaf χ values and Bi and Mg (Table 8.7.7, Appendix 7), but there 

were significant correlations between the SIRM and the χ values (R=0.76; p<0.01). The 

significant correlations were observed between leaf SIRM values and Ba, Bi, Ca, Co, 

Cr, Fe, Li, Mg, Sr. Moreover, the highest correlations were observed for the leaf 

samples from parcel 5 (Figure 5.6.7, red marked samples). These samples were 

collected in the organic vineyard through the season from parcel 5 which is located near 

the Danube River (Figure 3.3). This parcel is not surrounded by the trees and shrubs 

planted as a barrier for the penetration of possible pollutants from adjacent plots to 

organic farms. 
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Figure 5.6.7 PCA distinguishing the magnetic PM and PTEs on the leaf (red marked samples represent 

the samples from parcel 5 and grey samples represent the samples from the other parcels) through the 

season in the organic vineyard. 
 

According to PCA, in the commercial vineyard the RF values for the PTEs 

(obtained in Experiments 3 and 5) significantly (p<0.05) associated each to other, and 

in the organic vineyard RFs for Ba, Cu, Mn, Ni and Zn associated in one quadrant also 

with the leaf SIRM (Figure 5.6.8). Thus, it can be claimed that the higher RFs and 

SIRM obtained for the leaves from the organic vineyard imply more intensive indication 

of a neighbor or remote air pollution by magnetic PM and PTEs probably because of the 

absence of the foliar agrochemical application in the vineyard this RF was higher 

because the PTEs could not enter through the root system to inner parts of grapevine 

(Experiment 5). 
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Figure 5.6.8 Ratio Factor (RF) of PTEs (Experiments 2 and 5) comparison with the leaf SIRM obtained 

for the samples from commercial (red samples 1-22) and organic (green samples 23-27) vineyards. 

 

The grapevine leaves from the investigated vineyards, probably because of the 

rough structure and plate surface, could keep the deposed particles fixed on their surface 

and give an indication of atmospheric deposition of magnetic PM and PTEs–Co, Cr and 

Ni, but also As, Sr, Mn and Zn in the commercial vineyard. Moreover, in the organic 

vineyard, the grapevine leaves could indicate magnetic PM and Bi, Co, Cr, Fe and Sr 

originating from the air deposition. Finally, according to the obtained SIRM values and 

the element concentrations, the grapevine leaves could bioindicate air pollution by 

magnetic PM and some PTEs in the vineyards. 

Finally, according to the results presented in Experiment 6, both magnetic 

parameters (SIRM and χ) could be indicative for the existence of pollution. These non-

destructive techniques could be suitable only as screening methods for the ambient 

pollution assessment, but more detailed analysis at the recognised hot spots of the 

pollution would be necessary to be performed. For example, more extensive magnetic 

measurements in the samples should be done in order to prove these obtained results. 

For WD-XRF measurements performed on the leaf material, the specific calibration 

should be done because the used Uniquant program can be only a screening method 

since it is not so sensitive to detect the PTEs present in traces in the samples.
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6 Conclusion 

6.1 Conclusion remarks 

Through the six experiments performed in the experimental, commercial and 

organic vineyards, overview of the main conclusions has been given for each 

experiment. Based on the results from Experiment 1 conducted in the experimental 

vineyard, the following items can be concluded: 

 The highest concentrations of most determined elements in the soil were isolated by 

the solutions in the following order: aqua-regia < acid solution of CH3COOH and 

chelating agent Na2EDTA < other extractants (deionised H2O during16 h and 2 h and 

weak salt solutions CaCl2 NH4NO3 and Na2NO3). 

 Significant correlations were obtained between the concentrations of Cu and S 

extracted by weak salt solutions (CaCl2 and NH4NO3) and deionised H2O, implying 

their similar behaviour during extraction or similar origin; Na2EDTA, CH3COOH 

and deionised H2O 16 h could be appropriate procedures for determining 

concentrations of Cu and Zn from the soil which probably originated from the same 

source (agrochemicals). Conversely to extraction procedure using deionised H2O 

during 2 h, prolongation of the extraction time to 16 h enabled extraction some of the 

PTEs (Cu, S and Zn) which were associated each to other, which imply their origin 

from the same source or could have similar behaviour. 

 According to the significant (p˂0.05) associations, obtained applying the cluster 

analysis, between the concentrations in the soil extracts and concentrations in the 

grapevine parts, PTEs (trace elements) bioavailable from soil to the seed and pulp 

could be extracted by deionised H2O, while PTEs bioavailable from soil to the grape 

skin could be extracted by CH3COOH, Na2EDTA, CaCl2 and NH4NO3; because of 

the additional air influence on the grapevine leaf surface, single extractions could not 

give clearly assessment of the trace elements bioavailability from soil to leaves if 

there are not in parallel estimation of the air deposition influence of the grapevine 

leaf surface.  

 Environmental implication indices (CF, PLI, Igeo and EF) identified pollution 

among the studied parcels, where moderate (T4 and T5 parcels) to extremely (T6 

parcel − near the road) pollution sites were estimated in the experimental vineyard. 
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 In all studied grapevine varieties and their parts, similar element concentrations were 

obtained, except in Prokupac in which measured higher concentrations in the outer 

grapevine parts (skin and leaf) imply the influence of air deposition. According to 

biological accumulation formula (BAC), the leaves of Riesling rain, Riesling italian, 

Cabernet sauvignon and Cabernet franc accumulated Zn from the vineyard soils 

while the leaf of Riesling rain, Burgundy and Riesling italian leaves accumulated Cu 

from the soil. The skin of Prokupac markedly accumulated Ni from the soil. 

Based on the results from Experiments 2 and 3 conducted in the commercial 

vineyard, the following items can be concluded: 

 Through the grapevine season, the soil was moderately contaminated by As, B, Co, 

Cr, Mn, Ni, Pb, Sb and Sr (1≤CF≤3), while contamination by Cd was high (6≤CF). 

Comparing with local background soil sample, some of the PTEs (Cr, As and Ni) in 

the soil seem to have a geogenic origin, while other could originate from the frequent 

applications of agrochemicals (B, Cd and Mn) or agricultural machines movement or 

traffic (Co and Sb). Even the PTE concentrations in soil were high; PTEs in the 

grapevine and wine samples were below the maximum allowable concentrations 

(MAC). 

 The Cr and Ni concentrations in some of the cultivated parcels, which multiple 

exceeded their content in the local background soil sample, pointed out 

anthropogenic sources of the elements (nearby foundry or highway) apart from its 

geogenic origin in the parent material. 

 Six single extraction procedures were studied to determine their efficiency and 

selectivity for each of the measured elements in the vineyard soil. According to 

calculated mobility factor (MF%), the most effective extractant for isolating PTE 

from the soil was Na2EDTA (specifically for extracting Al, As, Ca, Cd, Co, Cu, Fe, 

K, Mn, Pb, V, Sr and Zn). The following most efficient solution was CH3COOH 

(selective for extracting B, Be, Cr, Li and Ni); further, it was NH4NO3 (selective for 

Ba and Sr), while CaCl2 and deionised H2O were least aggressive for the elements 

extraction. 

 According to the significant (p˂0.05) associations between the concentrations in the 

soil extracts and the grapevine parts, obtained by PCA, the most suitable for 

assessing bioavailability of PTEs from the soil to the grapevine parts (seed, pulp and 
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skin) were CaCl2, NH4NO3 and Na2EDTA; CH3COOH acted aggressively, but it was 

the least suitable extraction solution for estimating the elements bioavailability in the 

soil–grapevine system; the deionised H2O was also a suitable extractant for assessing 

the bioavailability so it can be recommended as an alternative, cost-effective and 

ecological-friendly extraction procedure for assessing the bioavailability in the soil-

grapevine system. 

 Barium appeared as the most bioavailable element originating from the soil; Ni from 

the soil appeared as bioavailable to the seed, skin and leaf; Cr from the soil was only 

bioavailable to the seed, probably due to frequent pesticide applications in the seed’s 

development phase; CaCl2 and NH4NO3 extracted Mn from the soil, which 

concentrations were correlated with Mn concentrations measured in the leaf and the 

skin; in the soil-grapevine leaf system through the grapevine season, Mn, Ni and Sr 

proved to be the most bioavailable elements; unlike Cd and Co which were not 

bioavailable to the grapevine leaf. Because of the near-neutral pH and low OM, Cu 

was not highly bounded in the soil and it could be bioavailable to the leaf 

(Na2EDTA) or it could originate in both mediums (soil and leaf) from the 

agrochemical application of Cu-fungicides; Cd was strongly bound in the soil and 

was not bioavailable to the grapevine parts. 

 According to the obtained significant correlations (bioavailability assessment) 

accompanied by the environmental implication assessment (by CF and RF), the 

dominant source of Ba obtained in the inner grapevine parts was the soil, while the 

dominant source of Mn in outer grapevine parts was air deposition (foliar Mn-

pesticide treatments). 

 The environmental risk assessment calculations imply moderate pollution by PTEs in 

the topsoil, except for Cd which pointed out heavy to extreme soil pollution; the most 

enriched PTE in the topsoil, Cd, contributed to the environmental risk (RI) in the 

topsoil in veraison and harvest (July and August) phases. Beside high Cd 

contamination, only medium bioavailability risk (BRAI) was observed in the 

vineyard soil; the PTEs soluble under the low acid conditions (CH3COOH) from soil 

had a higher influence on BRAI; potential and apparent bioavailability risks could be 

caused by the moderate sorption of Cd in topsoil (BRAI versus BGI). 
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 Observing the BAC values, in the beginning of the season (May: leaf set phase and 

June: leaf flowering phase − the phases of the most intensive grapevine growth) 

higher bioaccumulation than in other investigated phases were observed for Al, Cd, 

Cu, Fe, Ni and V (May) and B, Cu and Zn (June) concentrations from the soil to the 

leaves were observed, these elements mostly originate from the application of the 

agrochemicals (pesticides); In veraison (July) phase As, Co, Cr, Mn, Pb and Sb 

mostly accumulated in the leaves and these elements mostly originated from the 

anthropogenic sources; Ba, Ca, Mg and Sr most accumulated in the leaves in the 

harvest phase probably because of decreasing grapevine agrochemical treatments in 

this phase; Cu and Na seem to be mostly accumulated in the leaf from the soil. 

Contrary in the leaves, B, Cd, Sb and Sr originated also from the other sources 

(resuspension of the polluted soil, agrochemical application or traffic). 

 Potential (non-carcinogenic) and carcinogenic risks for field workers, chronically 

exposed to the vineyard soil were not observed; both investigated grapevine species 

(Cabernet sauvignon and Sauvignon blanc) from the commercial vineyard and wines 

were safe for consumption (no non-carcinogenic and low carcinogenic risk were 

observed). 

Based on the results from Experiment 4 conducted in the commercial vineyard, 

the following items can be concluded: 

 S. girgensohnii and H. cupressiforme moss species showed to be appropriate 

biomonitor species of the airborne PTE pollution in the agricultural area with 

frequent agrochemical treatments. 

 A reliable “signal” of PTEs can be achieved after 2-month of moss bag exposure (it 

was especially the case for As, Cr, Cu, Ni, Fe and V). The PTE concentrations in 

mosses were gradually increasing with prolongation of the exposure time (2 

months<4 months<6 months). Still, 6-month moss exposure reflected the air 

pollution through the entire grapevine season. 

 In the beginning of the grapevine season (with frequent agrochemical treatments), 

the highest element enrichment was observed, especially for Cu and Ni, which 

probably originate from the Cu and Ni-based agrochemicals. Both investigated moss 

species showed temporal changes of the PTEs trough the season. The calculated 

RAFs were higher for S. girgensohnii than in H. cupressiforme (the exceptions were 
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RAFs for Co, Gd, Lu, Ni, Pb, Sc, Tb, and Yb). Both investigated moss species could 

be used in the comparable moss bag surveys across vineyards because they gave the 

similar “signal” to the ambient element content (the correlation coefficients were for 

Cr: R=0.70; Cu: R=0.56; Sb: R=0.63; and Ti: R=0.76). Both moss species identified 

additional pollution sources of PTEs. 

 Slightly higher concentrations of Cr, Co, Ni and Fe in moss bags exposed in the 

vineyard were in the parcel (VI) near the metal foundry. 

 Along transects in the vineyard parcels, a decrease in Sb concentration was only 

observed. 

 A significant correlation between the moss and leaf concentrations of Co, Cr and Ni 

suggested that the grapevine leaves also can be a potential bioiomonitor of the 

ambient pollution in the vineyard. 

Based on the results from Experiment 5 conducted in the organic vineyard, the 

following items can be concluded: 

 Among nine tested single extraction procedures, Na2EDTA and CH3COOH were 

promoted as the most effective for assessing the elements mobility (MF%). 0.44 mol 

L
-1

 CH3COOH was more effective than 0.11 mol L
-1

 CH3COOH. For assessing the 

mobility of the elements BaCl2 were more effective for macro elements and CaCl2, 

was more effective for the microelements mobility assessment; because Ca from 

CaCl2 can make interferences in element determination, NO3
-
 salts could be more 

suitable for the mobility assessment; NH4NO3 was more suitable than NaNO3 for the 

elements mobility assessment, because NH4
+

 could bind complexes with PTEs. 

Deionised H2O extracted only the soluble elements’ quantities (lower MF% than 

MF% obtained for other extractions) from the soil and prolongation of the extraction 

time had not proved as more effective for the mobility assessment for this soil type. 

 There was not observed soil contamination by PTEs in the organic vineyard, with 

exception of B in the topsoil samples, especially in July. The low Cd concentration in 

the soil from organic vineyard was observed, but it seems to be a very mobile 

element in this soil type and it had a high influence on the environmental (RI) and 

bioavailability risks (BRAI). 

 In organically grown grapes, lower PTE concentrations than in the grapes from 

experimental and commercial vineyards were obtained. 
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 According to the calculated BAC, the organically growth grapevine varieties are not 

hyper-accumulators of PTEs. 

 According to the multivariate analysis, B in the parts of the grapevine originated 

mostly from the air and Cd originated mostly from the soil. Higher concentrations of 

PTEs were obtained in outer (leaf, petiole and skin) than inner (pulp and seed) 

grapevine parts, which were also observed by the calculated RF. The leaves in the 

organic vineyard intensively reflect the air pollutants deposition. 

 The air pollution assessed by the moss bag technique in the organic vineyard implied 

that the organic vineyard ambient was less polluted than the commercial vineyard 

and urban area (urban background, suburban areas and crossroads); some quantities 

of B in the mosses which probably originated from the agrochemicals were observed 

in the organic vineyard in the period of the grapevine growth. 

 The organic growth agricultural areas represented a safer working ambient for the 

field workers and for the growing the grapes than commercial ones. 

Based on the results from Experiment 6 performed in order to test whether the 

non-destructive method could be applicable as cost-effective and easy-applicable for 

pollution screening in the commercial and the organic vineyards, the following can be 

concluded: 

 Magnetic parameters (SIRM and χ) can represent a reliable proxy for the 

environmental pollution; there were some differences between the distributions of 

SIRM and χ through the grapevine season, which were probably influenced by the 

grain size of magnetic PM. 

 More reliable parameter for indicating leaf PM was SIRM; the leaf SIRM could 

indicate the most polluted hot spots (parcels and periods) in the vineyard ambient 

recognised previously applying the chemical analyses on the same soil and leaf 

samples. 

 SIRM and χ were correlated each to other, but there were not the correlations 

between the same parameter obtained for different matrixes (soil and leaf). 

 Non-destructive WD-XRF with Uniquant software could be a suitable technique for 

PTEs screening in the soil and the leaf samples, but for the analysis of some 

materials such as plant (leaf) with PTEs presented in traces, the specific calibration 

on more similar material to plant should be done. 
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 The magnetic parameters in the soil were significantly correlated with those 

elements, which mostly have a geogenic origin. 

 The leaf SIRM could indicate site-specific pollution in the vineyard ambient; the 

grapevine leaves could be used as potential biomonitors of the ambient pollution and 

magnetic parameters could represent a proxy for the magnetic PM and some PTE 

pollution in the vineyard ambients. 

 

6.2 General conclusions 

The studies in agricultural areas have been limited only to the investigation of 

several elements in soil (mostly these prescribed by the regulations − As, B, Cd, Cr, Cu, 

Pb, Ni and Zn) and plants (fresh vegetables or fruits − As, Cd and Pb) grown on the soil. 

The use of agrochemicals, which nowadays represent the necessary means for 

improving plants growth, introduce various additions and impurities (e.g. PTEs, REEs), 

which can be accumulated in soil and further can be uptake by the plants and 

accumulated in different plant parts (food crops). Further, the pollutants present in the 

agricultural environment could have an influence on the field workers’ and consumers’ 

health. This doctoral dissertation focused on the above-mentioned issues in a more 

detailed way than it was done in available scientific literature. The aim of this 

dissertation was to investigate PTEs in the soil−plant−air system in three specific 

vineyard ambients by elaborating on: i) the elements mobility and bioavailability using 

nine single extraction procedures, accompanied with environmental risk and health risk 

assessment and ii) the grapevine leaves and mosses (S. girgensohnii and H. 

cupressiforme) as bioindicators of air pollution by the PTEs. The conclusions from all 

six experiments could be summarised in the next items: 

 The weak acid solution (CH3COOH) and chelating agent (Na2EDTA) were proved to 

be effective for extracting higher percentage (mobility factor − MF%) of the total 

element content in the soil samples while weak salt solutions (CaCl2, NH4NO3 and 

NaNO3) and deionised H2O were less effective (lower MF%). Since natural reactions 

and process in the soil usually are not too aggressive, aggressive solutions were not 

appropriate to assess PTE bioavailability from soil to plant (aqua regia or CH3COOH 

− Experiment 1 and 2). There is not a unique extractant which could uniformly assess 

the bioavailability of all elements from different soil types, but the chelating agent 
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and weak salt solutions could be promoted as the most appropriate single extraction 

procedures for assessing the PTE bioavailability among the tested extractants 

(Experiments 1, 2, 3 and 5). Deionised H2O (Experiment 1: Cu, Zn and S; 

Experiment 2: Ba, Cr, Cu, Sr, Fe, Ni and Experiment 3: Mn) can be recommended 

also as an appropriate single extraction procedure for bioavailability assessment, but 

also as a low-cost and eco-friendly extractant. 

 Various environmental implication indices differentiated geogenic from the 

anthropogenic origin of the PTEs in the vineyard and enable a better understanding 

of mobility and bioavailability of the elements. According to the environmental 

implication indices, some temporal fluctuations of PTE pollution in the vineyards 

were revealed (Experiment 3). Various equations for environmental risk assessment 

showed as appropriate way to calculate dimensionless-unit concentrations, which 

were more comparable between different ambients (Experiment 5) and which could 

be used for pointing out the most polluted locations (Experiment 1: parcel near the 

road; Experiment 2 and 3: parcel near the metal foundry and near the highway road; 

Experiment 5: parcels more exposed to the atmospheric deposition than other studied 

parcels). 

 Active moss bag technique could be appropriate for assessing air quality in the 

vineyard ambients. Both studied mosses (S. girgensohnii and H. cupressiforme) gave 

a reliable “signal” of PTE enrichment after 2-month exposure period in the vineyard 

ambient, but with prolongation of the exposure time, the PTE moss enrichment was 

increasing. The 6-month exposure period should be promoted in comparative studies 

for observing the air quality through the entire grapevine growing season surely 

covering all treatments with agrochemicals in different vineyard ambients. Even the 

grapevine leaves as biomonitors were not such sensitive as mosses, but they could be 

used to identify hot-spots of pollution. 

 According to the obtained PTE concentrations in the soil and grapevine parts,  

calculated environmental implication indices and PTE enrichment in the moss bags, 

the organic vineyard could be less polluted grapevine growing ambient than the 

experimental and the commercial vineyards. 

 Magnetic parameters could be a reliable proxy for screening the ambient pollution in 

the vineyard. Screening, cost-effective and non-destructive techniques such as WD-
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XRF with Uniquant software (semi-quantitative) and indicative SIRM and magnetic 

χ showed as appropriate for detecting the pollution hot spot in the vineyards. 

 Finally, the high PTE concentrations in the soil (especially in the commercial 

vineyard) did not have an adverse impact on the field worker health, and the 

grapevine and wine prepared from the grapes grown in the vineyards were safe for 

the consumption. The values for observed health risk for workers and consumers 

were slightly lower in the organic vineyard, which could indicate that the organic 

vineyard could be a long-term safer working ambient, and organically grown grapes 

could be safer for long-term and frequent consumption. 

In the end, these results represent the comprehensive assessment of PTE 

mobility and bioavailability from soil to grapevine, biomonitoring of the air pollution 

and environmental and health risk assessment contributing a better understanding of the 

PTE behaviour in the soil−plant−air system. In addition, the results contribute to the 

improving the moss bag technique which was for the first time conducted in the 

vineyard ambient. 
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8 Appendix 

8.1 Appendix 1: Experimental part 

 

Figure 8.1.1 a) distillatior for preparing acid (p.a.) for the samples digestion; b) distillatior for preparing 

ultra-pure water used for the samples preparation; c) pH-meter d) dryer; e) centrifuge. 

 

Table 8.1.1: The measured elements’ concentration and magnetic parameters through the experiments in 

this doctoral dissertation 

 

Sample Determined elements’ concentration and magnetic parameters 

Experiment 1 

Soil extracts Al, Fe, K, Mn, Na, P, S, Si, Cd, Co, Cr, Cu, Mo, Ni, Pb, V, Zn 

Soil pseudo-total Al, Fe, K, Mn, Na, P, S, Si, Cd, Co, Cr, Cu, Mo, Ni, Pb, V, Zn 

plant material Al, Cd, Cr, Cu, Fe, K, Ni, Pb, Zn 

Experiment 2 

Soil extracts Al, As, B, Ba, Be, Ca, Cd, Co, C,, Cu, Fe, K, Li, Mg, Mn, Na, Ni, P, Pb, S, Sb, Sr, V, Zn 

Soil pseudo-total Al, As, B, Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, K, Li, Mg, Mn, Na, Ni, P, Pb, S, Sb, Sr, V, Zn 

Plant material Al, As, B, Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, K, Li, Mg, Mn, Na, Ni, Pb, Sb, Sr, V, Zn 

Experiment 3 

Soil extracts Al, As, B, Ba, Be, Ca, Cd, Co, C,, Cu, Fe, K, Mg, Mn, Na, Ni, P, Pb, S, Sb, Sr, V, Zn 

Soil pseudo-total Al, As, B, Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, K, Mg, Mn, Na, Ni, P, Pb, S, Sb, Sr, V, Zn 

Plant material Al, As, B, Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, K, Mg, Mn, Na, Ni, Pb, Sb, Sr, V, Zn 

Experiment 4 

Moss material 
Al, As, Ba, Ca, Cd, Ce, Co, Cr, Cu, Dy, Er, Eu, Fe, Ga, Gd, Ho, La, Li, Lu, Mg, Mn, Nd, 

Ni, Pb, Pr, Sb, Sc, Sm, Sn, Sr, Tb, Rh, Ti, Tm, V, Y, Zn 

Plant material Al, As, B, Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, K, Mg, Mn, Na, Ni, Pb, Sb, Sr, V, Zn 

Experiment 5 

Soil extracts 
Al, As, B, Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, K, Li, Mg, Mn, Mo, Na, Ni, P, Pb, S, Sb, Si, 

Sr, V, Zn 

Soil pseudo-total 
Al, As, B, Ba, Be, Bi, Ca, Cd, Co, Cr, Cu, Fe, K, Li, Mg, Mn, Mo, Na, Ni, P, Pb, S, Sb, 

Si, Sr, V, Zn 

Plant material 
Al, As, B, Ba, Be, Bi, Ca, Cd, Co, Cr, Cu, Fe, K, Li, Mg, Mn, Mo, Na, Ni, P, Pb, S, Sb, 

Si, Sr, V, Zn 

Moss material 
Al, As, B, Ba, Be, Bi, Ca, Cd, Co, Cr, Cu, Fe, K, Li, Mg, Mn, Mo, Na, Ni, P, Pb, S, Sb, 

Si, Sr, V, Zn 

Experiment 6 

Soil Uniquant Al, Ba, Ca, Co, Cr, Cu, Fe, K, Mg, Mn, Na, Ni, P, Pb, Rb, S, Si, Sr, Ti, V, Zn, Zr 

Plant Uniquant Al, Ca, Cu, Fe, K, Mg, Mn, Na, Ni, P, Rb, S, Si, Sr, Ti, Zn 

Soil and plant magnetic parameters SIRM, χ 
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Table 8.1.2: Limit of detection (LOD) (µg L-1) and limit of quantification (LOQ) (µg L-1) of the method for determination element concentrations in the soil extracts 

using ICP-OES (Experiments 1, 2, 3 and 5) 
element 2 h H2O 16 h H2O CaCl2 NH4NO3 Na2EDTA CH3COOH 

λ (nm) 
LOD LOQ LOD LOQ LOD LOQ LOD LOQ LOD LOQ LOD LOQ 

Al 394.4 2.68 8.94 3.65 12.17 3.7 12.34 1.93 6.42 3.46 11.53 5.28 17.59 

Al 396.1 2.28 7.59 1.16 3.86 1.42 4.74 1.05 3.5 1.47 4.92 2.78 9.27 

As 189.0 1.43 4.78 1.59 5.31 1.17 3.89 1.18 3.92 1.59 5.29 1.41 4.72 

B 208.9 0.75 2.49 0.56 1.88 0.49 1.63 0.5 1.68 0.63 2.09 0.71 2.36 

B 249.7 0.57 1.90 0.59 1.96 0.41 1.36 0.44 1.46 / / 0.54 1.79 

Ba 493.4 0.08 0.26 0.22 0.73 0.07 0.24 0.07 0.23 / / 0.26 0.84 

Ba 455.4 / / / / / / / / 0.04 0.14 / / 

Be 234.8 0.06 0.19 0.17 0.56 0.06 0.18 0.06 0.20 0.07 0.23 0.06 0.17 

Ca 315.8 / / / / / / / / 0.94 3.12 / / 

Ca 317.9 0.49 1.62 1.70 5.66 / / 0.49 1.63 / / / / 

Ca 373.6 2 6.67 17.33 57.77 / / 2.14 7.13 / / 0.79 2.62 

Cd 214.4 / / / / / / / / 0.13 0.45 / / 

Cd 226.5 0.09 0.30 0.08 0.26 0.06 0.2 0.06 0.20 0.08 0.28 0.09 0.29 

Cd 228.8 0.14 0.46 0.31 1.04 0.13 0.42 0.13 0.44 / / 0.13 0.43 

Co 230.7 0.30 1.01 0.77 2.56 0.27 0.9 0.27 0.9 0.41 1.37 0.24 0.78 

Co 231.1 0.37 1.25 0.88 2.93 0.33 1.1 0.33 1.10 0.50 1.66 0.33 1.11 

Cr 205.5 0.16 0.52 0.16 0.52 0.18 0.59 0.16 0.53 0.19 0.62 0.16 0.51 

Cu 213.5 0.38 1.26 0.361 1.19 0.36 1.2 0.32 1.07 0.41 1.38 0.28 0.94 

Cu 224.7 / / / / / / / / 0.56 1.86 / / 

Cu 324.7 0.28 0.93 0.53 1.77 0.38 1.27 0.34 1.35 / / 0.36 1.17 

Fe 238.2 0.74 2.46 0.52 1.73 0.37 1.23 0.36 1.19 0.47 1.56 0.68 2.27 

Fe 259.9 0.59 1.96 0.45 1.49 0.31 1.03 0.3 1 0.4 1.32 0.55 1.83 

K 766.4 0.82 2.72 1.33 4.45 0.38 1.26 0.42 1.39 0.38 1.28 1.03 3.45 

K 769.8 0.98 3.26 1.52 5.06 0.6 1.99 0.67 2.23 0.65 2.17 1.22 4.05 

Li 670.7 0.02 0.06 0.01 0.04 0.01 0.04 0.01 0.04 0.02 0.06 0.02 0.08 

Mg 279.0 2.58 8.61 4.12 13.72 2.99 9.96 2.81 9.36 3.83 12.78 2.32 7.73 

Mn 257.6 0.11 0.37 0.09 0.31 0.07 0.25 0.07 0.25 0.08 0.26 0.09 0.32 

Mn 259.3 / / / / / / / / 0.1 0.34 / / 

Mn 260.5 0.18 0.59 0.16 0.51 0.20 0.66 0.18 0.6 / / 0.2 0.68 

Na 589.5 0.15 0.50 0.66 2.17 0.21 0.68 0.13 0.43 / / 0.28 0.94 

Ni 231.6 0.31 1.03 0.33 1.10 0.24 0.8 0.23 0.78 0.33 1.11 0.3 1.01 

P 177.4 2.66 8.84 1.76 5.86 1.59 5.3 1.59 5.29 2.44 8.14 2.78 9.26 

P 178.2 / / / / / / / / 2.91 9.71 / / 

P 185.9 3.95 13.17 4.16 13.88 4.56 15.18 4.23 14.11 / / 3.56 11.86 

Pb 220.3 1.35 4.50 1.15 3.82 0.88 2.93 0.87 2.89 1.23 4.11 1.36 4.52 

S 182.0 4.12 13.73 4.48 14.93 4.90 16.32 4.65 15.5 / / / / 

S 182.6 14.97 49.89 11.93 39.77 11.18 37.26 18.01 60.03 14.77 49.24 14.82 49.39 

Sb 217.5 4.20 13.20 2.49 8.29 1.76 5.84 1.71 5.71 1.81 5.98 4.3 14.33 

Sr 421.5 0.03 0.09 0.14 0.46 0.02 0.08 0.02 0.08 0.03 0.11 0.02 0.07 

V 292.4 0.56 1.86 0.54 1.81 0.41 1.37 0.39 1.3 0.44 1.47 0.56 1.85 

Zn 213.8 0.08 0.26 0.17 0.57 0.07 0.24 0.08 0.26 0.21 0.69 0.07 0.23 
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Table 8.1.3: Limit of detection (LOD) (µg L-1) and limit of quantification (LOQ) (µg L-1) of the method 

for determination the pseudo-total element concentrations in the soil using ICP-OES (Experiments 1, 2, 3 

and 5) 

 

element 
λ (nm) 

LOD LOQ 

Al 394.4 2.10 7.01 

Al 396.1 0.87 2.9 

As 189.0 2.43 8.09 

As 193.8 2.91 9.7 

As 197.30 5.63 18.77 

B 208.9 0.89 2.98 

B 249.7 2.44 8.13 

Ba 493.4 9.04 30.00 

Be 234.8 0.20 0.67 

Bi 223.1 5.48 18.26 

Ca 315.8 0.75 2.52 

Ca 3117.9 0.51 1.7 

Ca 373.6 1.88 6.29 

Cd 214.4 0.08 0.26 

Cd 226.5 0.13 0.43 

Cd 228.8 0.32 1.06 

Co 228.6 0.46 1.53 

Co 230.8 0.77 2.56 

Co 231.1 0.94 3.13 

Cr 205.5 0.29 0.96 

Cr 267.7 1.77 5.91 

Cu 213.5 0.76 2.54 

Cu 224.7 0.68 2.28 

Fe 238.2 0.37 1.26 

Fe 239.5 0.47 1.58 

Fe 259.9 0.38 1.27 

K 766.4 0.32 1.09 

K 769.8 0.67 2.25 

Li 670.7 0.42 1.41 

Mg 279.0 3.18 10.6 

Mg 280.2 0.02 0.08 

Mg 285.2 0.12 0.43 

Mn 257.6 0.06 0.22 

Mn 259.3 0.09 0.30 

Mn 260.5 0.15 0.50 

Mo 202.0 0.41 1.36 

Na 589.5 0.15 0.50 

Ni 221.6 0.54 1.80 

Ni 231.6 0.61 2.04 

P 177.4 3.50 11.67 

P 178.2 4.19 13.98 

P 185.9 6.27 20.9 

Pb 220.3 2.3 7.68 

S 180.7 4.55 15.17 

Sb 206.8 2.35 7.82 

Sb 217.5 4.17 13.9 

Sr 407.7 1.62 3.87 

Sr 421.5 5.56 18.5 

V 292.4 27.89 92.00 

Zn 206.2 0.18 0.60 

Zn 213.8 0.15 0.50 
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Table 8.1.4: Limit of detection (LOD) (µg L-1) and limit of quantification (LOQ) (µg L-1)of the method 

for determination element concentrations in the plant material (seed, pulp, skin, petiole and leaf) 

(Experiments 1, 2, 3 and 5) and the moss material (Experiment 4 and 5) using ICP-OES 

 

element 
λ (nm) 

grapevine material moss material 

LOD LOQ LOD LOQ 

Al 167.1 0.49 1.63 0.36 1.20 

Al 308.2 3.38 11.27 1.85 6.17 

Al 394.4 2.25 7.50 2.59 8.63 

Al 396.1 0.93 3.09 0.74 2.46 

As 189.0 1.37 4.58 1.59 5.31 

As 193.8 1.87 6.22 1.64 5.47 

As 197.3 2.53 8.46 2.4 8.01 

B 208.9 0.48 1.61 0.44 1.48 

B 249.8 0.44 1.46 0.43 1.46 

Ba 455.4 0.04 0.12 0.03 0.09 

Ba 493.4 0.09 0.31 0.07 0.24 

Be 234.9 0.06 0.21 0.06 0.19 

Bi 223.1 2.48 8.27 1.87 6.25 

Ca 315.9 1.22 4.07 0.9 2.99 

Ca 317.9 0.67 2.22 0.54 1.79 

Ca 373.7 2.84 9.46 1.88 6.27 

Cd 214.4 0.06 0.21 0.05 0.18 

Cd 226.5 0.07 0.23 0.06 0.21 

Cd 228.8 0.2 0.67 0.16 0.54 

Co 228.6 0.24 0.80 0.19 0.62 

Co 230.8 0.30 0.99 0.24 0.81 

Co 238.9 0.60 2.00 0.49 1.64 

Cr 205.6 0.20 0.67 0.15 0.48 

Cr 267.7 0.38 1.26 0.33 1.10 

Cu 213.6 0.35 1.16 0.3 0.99 

Cu 217.9 1.63 5.43 1.51 5.03 

Cu 224.7 0.50 1.56 0.37 1.23 

Cu 324.8 0.37 1.24 0.03 0.99 

Fe 238.2 0.40 1.33 0.36 1.96 

Fe 239.6 0.60 1.98 0.52 1.74 

Fe 259.9 0.49 1.63 0.31 1.03 

K 766.5 0.58 1.92 0.44 1.45 

K 769.9 0.80 2.68 0.77 2.57 

Li 670.8 0.01 0.04 0.01 0.05 

Mg 279.6 0.01 0.05 0.01 0.04 

Mg 280.3 0.02 0.08 0.02 0.07 

Mg 285.2 0.16 0.54 0.18 0.58 

Mn 257.6 0.06 0.19 0.06 1.18 

Mn 259.4 0.08 0.25 0.06 0.21 

Mn 260.6 0.19 0.65 0.14 0.45 

Na 588.9 0.21 0.68 0.017 0.56 

Ni 221.6 0.43 1.43 0.21 0.71 

Ni 231.6 0.28 0.94 0.26 0.87 

Ni 232.0 0.86 2.87 1.03 3.42 

Pb 220.3 0.87 2.90 0.79 2.64 

Sb 217.6 2.06 6.88 1.63 5.43 

Sr 407.8 0.01 0.05 0.01 0.04 

Sr 421.6 0.03 0.08 0.02 0.07 

V 292.4 0.41 1.36 0.44 1.48 

Zn 202.5 0.06 0.22 0.07 0.23 

Zn 206.2 0.09 0.30 0.09 0.30 

Zn 213.6 0.10 0.34 0.08 0.27 
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Table 8.1.5: Limit of detection (LOD) (µg L-1) of the method for determination element concentrations in 

the plant material (seed, pulp, skin, petiole and leaf) (Experiments 1, 2, 3 and 5) and moss material 

(Experiment 4 and 5) busing ICP-MS 

element 
λ (nm) 

Plant material Moss material 
element 
λ (nm) 

Plant material Moss material 

µg L
-1

 LOD LOD µg L
-1

 LOD LOD 

6Li 0.2231 0.0041 85Rb 0.0457 0.0405 

9Be 0.0037 0.0027 121Sb 0.0383 0.0123 

45Sc 0.0349 0.0907 123Sb 0.0193 0.0112 

51V 0.0195 0.0247 151Eu 0.0011 0.0008 

52Cr 0.0223 0.0211 153Eu 0.0010 0.0010 

53Cr 0.0343 0.0913 158Gd 0.0034 0.0019 

59Co 0.0067 0.0103 160Gd 0.0014 0.0015 

71Ga 0.0358 0.0200 159Tb 0.0025 0.0014 

75As 0.0192 0.0430 161Dy 0.0019 0.0021 

89Y 0.0058 0.0050 163Dy 0.0022 0.0017 

97Mo 0.0248 0.0256 164Dy 0.0022 0.0016 

98Mo 0.0110 0.0123 165Ho 0.0013 0.0005 

101Ru 0.0030 0.0028 166Er 0.0013 0.0008 

102Ru 0.0045 0.0017 167Er 0.0019 0.0008 

111Cd 0.0241 0.0305 168Er 0.0020 0.0007 

114Cd 0.0160 0.0188 169Tm 0.0008 0.0001 

115In 0.0043 0.0059 171Yb 0.0018 0.0010 

139La 0.0069 0.0055 172Yb 0.0016 0.0012 

140Ce 0.0083 0.0089 173Yb 0.0016 0.0017 

141Pr 0.0220 0.0011 174Yb 0.0021 0.0010 

143Nd 0.0048 0.0041 175Lu 0.0011 0.0004 

145Nd 0.0130 0.0073 203Tl 0.0174 0.0061 

146Nd 0.0050 0.0040 205Tl 0.0048 0.0028 

147Sm 0.0041 0.0015 206Pb 0.0654 0.1026 

149Sm 0.0023 0.0026 207Pb 0.0729 0.1123 

152Sm 0.0036 0.0019 208Pb 0.0358 0.1037 

154Sm 0.0031 0.0019 209Bi 0.0123 0.0100 

47Ti 0.6449 0.8780 232Th 0.0038 0.0016 

49Ti 0.8001 1.0397 
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Table 8.1.6: Recovery (%) of measured elements in the soil extracts obtained using BCR 483 CRM 

BCR 483 Cd Cr Cu Ni Pb Zn 

0.44 mol L-1 CH3COOH 

Experiment 5 87 81 92 95 91 103 

0.01 mol L-1 CaCl2 

Experiment 1 116 139 132 126 78 131 

Experiment 2 112 121 125 120 81 128 

Experiment 3 109 120 120 117 81 125 

Experiment 5 108 118 120 108 80 121 

0.1 mol L-1 NH4NO3 

Experiment 1 78 90 84 78 81 83 

Experiment 2 77 112 80 72 75 76 

Experiment 3 81 98 91 81 78 99 

Experiment 5 81 122 87 85 82 79 

0.05 mol L-1 Na2EDTA 

Experiment 1 122 130 118 135 132 115 

Experiment 2 118 128 120 130 131 110 

Experiment 3 118 125 119 128 125 108 

Experiment 5 111 115 103 109 118 103 
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Table 8.1.7: Recovery (%) of measured pseudo-total element concentrations in the soil obtained using 

CRMs (2711a, SARM 42 SAVM, ERM CC 135a and BCR 143 R) 

 
Experiment 1 Experiment 2 Experiment 3 Experiment 5 Experiment 6 

2711 a 

Al 

NA 

61 62 65 

NA 

As 87 86 88 

Ba 67 65 72 

Ca 80 75 83 

Cd 88 87 91 

Co 82 81 86 

Cr 70 68 72 

Cu 96 92 96 

Fe 93 91 95 

K 59 56 61 

Mg 82 80 87 

Mn 95 93 96 

Na 51 56 59 

Ni 94 91 95 

P 87 85 88 

Pb 91 89 96 

Sr 70 68 78 

V 94 91 99 

Zn 88 87 91 

SARM 42 SAVM 

 

Ba 

NA 

65 65 67  

Co 72 72 75 154 

Cu 118 115 118 123 

Mo 
   

ND 

Ni 78 81 79 121 

Pb 115 118 115 ND 

Sr 109 107 103 97 

V 68 72 75 113 

Zn 72 72 75 102 

ERM CC 135 a 

Al 115 120 118 106 

NA 

Ba 130 120 121 118 

Be 121 120 120 118 

Ca 107 106 108 107 

Co 71 99 102 106 

Cr 122 118 118 116 

Cu 108 106 108 109 

Fe 80 117 116 113 

K 85 90 90 91 

Mg 129 122 120 121 

Mn 121 125 118 112 

Na 108 112 112 110 

Ni 73 82 101 88 

Pb 97 100 99 99 

V 125 128 121 120 

Zn 94 97 97 99 

BCR 143 R 

Cd 

NA 

81 81 82 134 

Co 106 104 101 175 

Cr 83 88 92 ND 

Cu 101 91 80 114 

Mn 107 107 106 119 

Ni 79 82 85 117 

Pb 78 79 83 97 

Zn 102 102 110 113 

NA−not analysed; ND−not detected 
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Table 8.1.8: Range of recovery (%) of the measured element concentrations in the plant and moss 

material obtained by CRMs (MOSS2−M2 and MOSS3−M3) 

 Recovery % Exceptions % 

 MOSS2 MOSS3 MOSS2 MOSS3 

Experiment 1 plant 70−120 71−119 Cr (61%) Ni (69%), Cr (67%) 

Experiment 2 plant  70−120 70−120 Cr (69%) Cr (69%) 

Experiment 3 plant  71−116 70−120  Cr (69%) 

Experiment 4 moss and leaves 75−102 75−116 Cr (68%), La (71%); Ce (65%) Th (55%) 

Experiment 5 plant and moss 80−105 85−118  La (73%); Ce (68%) Th (62%) 

Experiment 6 leaf ND ND   

ND−the concentrations in CRM were not detected 
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8.2 Appendix 2: Experiment 1 

Table8.2.1: Descriptive statistics (Median−M, Standard Deviation–SD, Minimum–Min and Maximum–Max) of the element concentrations (mg kg-1, *µg kg-1) extracted 

from the topsoil samples from the experimental vineyard (Experiment 1; Milićević et al., 2017a) 

 
Al Fe K Mn Na P S Si Cd Co Cr Cu Mo Ni Pb V Zn 

Single extraction 

CH3COOH 

M 45 16 66 24 41 77 36 220 0.06 0.05 0.08 1.9 0.1 0.8 51.2* 0.02 1.0 

SD 11 14 15 5 7.2 70 19 28 0.02 0.04 0.02 1.2 0.2 0.3 0.6*
 

0.02 1.2 

Min 27 5.6 49 20 30 14 14 170 0.04 0.01 0.06 0.4 0.0 0.5 49.9* 0.01 0.0 

Max 59 49 88 35 50 200 74 260 0.08 0.11 0.11 4.3 0.4 1.2 51.6* 0.05 3.7 

16 h H2O 

M 25 22 7.7 0.3 13 3.8 27 58 3.9* 4.0* 0.03 1.1 16* 0.1 0.1 0.06 0.6 

SD 5.8 5.3 2 0.2 4.5 1.8 8.4 12 1.0* 2.4* 0.02 0.9 7.9* 0.2 0.2 0.02 0.5 

Min 15 14 5.9 0.2 9.2 2.1 20 37 2.3* 0.9* 0.01 0.3 3.5* 0.0 0.0 0.04 0.0 

Max 33 31 11 0.6 22 7.2 46 73 5.6* 7.7* 0.04 2.6 26* 0.4 0.4 0.07 1.6 

2 h H2O 

M 35 20 7.14 0.06 15 5.1 10 88 0.253* 6.7* 0.04 1.3 17* 0.3 0.04 0.10 0.4 

SD 20 12 2.6 0.03 4 1.9 5.5 46 0.003* 4.5* 0.03 0.3 6.8* 0.1 0.03 0.06 0.3 

Min 16 6.2 3.5 0.02 11 3.2 2.5 17 0.249* 1.7* 0.02 0.9 3.6* 0.2 0.02 0.06 0.2 

Max 79 44 11 0.1 23 8.9 19 140 0.256* 15* 0.11 1.8 29* 0.6 0.09 0.22 0.9 

Na2EDTA 

M 16 100 89 78 ** 20 4.3 167 0.08 0.6 0.04 16 19* 1.3 2.6 0.1 2.0 

SD 12 54 25 55 ** 14 1.7 128 0.04 0.6 0.04 8.0 9.9* 0.8 1.1 0.2 1.5 

Min 2.3 39 52 14 ** 1.9 1.4 44 0.03 0.0 0.00 4.1 2.6* 0.3 1.3 0.0 0.8 

Max 42 190 132 190 ** 36 7.4 463 0.16 1.8 0.09 27 37* 3.0 4.4 0.4 5.3 

CaCl2 

M 1.1 1.1 13 0.02 7.2 0.4 15 21 0.7* 1.4* 4.4* 0.15 0.02 0.13 6.8* 3.4* 0.01 

SD 1.6 1 5.2 0.05 1.2 0.3 2.1 22 0.5* 0.8* 3.6* 0.03 0.02 0.07 8.1* 1.5* 0.2 

Min 0.1 0.2 8.6 0 5.7 0 12 8.7 0.2* 0.4* 0.3* 0.10 0.00 0.02 2.6* 0.9* 0.0 

Max 5.2 3.6 23 0.13 8.8 0.8 18 77 1.3* 2.6* 12* 0.20 0.06 0.27 28* 5.7* 0.3 

NH4NO3 

M 0.6 0.7 57 0.1 11 0.6 2.8 21 1.6* 1.1* 4.8* 0.13 0.513* 0.04 5.2* 3.8* 0.001 

SD 0.4 0.4 13 0.3 1.7 0.2 0.9 22 1.1* 0.6* 1.2* 0.04 0.003* 0.02 2.6* 1.4* 0.02 

Min 0.2 0.3 44 0 7.2 0.3 1.7 8.7 1.0* 0.3* 2.9* 0.06 0.511* 0.00 0.7* 1.2* 0.001 

Max 1.3 1.3 83 0.6 12 0.8 4.3 77 4.3* 2.3* 6.3* 0.19 0.517* 0.06 9.4* 6.0* 0.03 

Pseudo-total 

Aqua regia 

M 4160 4380 2920 66 220 190 35 295 4.0 13 11 106 1.2 17 29 19 8.2 

SD 686 777 376 12 92 60 19 200 0.3 0.9 0.9 8.2 0.2 5.5 74 1.2 1.4 

MIN 3090 3500 2400 53 92 87 14 15.2 3.6 12 9.0 93 1.0 8.8 0.9 17 6.6 

MAX 5020 5720 3520 82 380 270 68 541 4.3 14 12 118 1.4 23 230 20.54 11 

**The values were not taken into consideration because of the type of used Na-salt of complexing extractant solution Na2EDTA 
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Table 8.2.2: Descriptive statistics (Mean−M, Standard Deviation−SD) of the element concentrations in the 

grapevine parts (leaf, seed, pulp and skin) (mg kg-1, **μg kg-1) (n=3) (Experiment 1; Milićević et al., 2017a) 

 
PTEs (major and trace elements)  Al Cd** Cr Cu Fe K Ni Pb Zn 

Riesling rain seed (*RRSE) M < DL 6 0.034 3.6 9.6 1403 0.15 0.032 4.8 

 
SD / 0.1 0.001 0.6 1.0 320 0.01 0.002 0.1 

Cabernet franc seed (*CSSE) M 0.9 6 0.16 4.5 11.2 2099 0.080 0.023 5.7 

 
SD 0.1 0.2 0.02 0.6 1.2 430 0.001 0.002 0.2 

Merlot seed (*MSE) M 0.1 3 0.023 4.1 10.2 1885 0.041 < DL 4.9 

 
SD 0.0 0.1 0.002 0.3 0.8 470 0.001 / 0.2 

Prokupac seed (*PSE) M 0.3 4 0.027 4.7 9.3 1108 0.050 0.042 3.8 

 
SD 0.0 0.1 0.001 0.9 1.1 320 0.001 0.006 0.1 

Cabernet sauvignon seed (*CSSE) M 0.4 3 0.038 4.6 11.4 1585 0.119 0.060 4.7 

 
SD 0.0 0.1 0.001 0.8 1.2 110 0.002 0.008 0.3 

Burgundy seed (*BSE) M 0.6 5 0.083 5.1 14.3 1444 0.102 0.021 5.7 

 
SD 0.0 0.1 0.001 1.1 1.2 260 0.006 0.002 0.2 

Cabernet sauvignon pulp (*CSP) M 0.6 6 0.420 1.4 5.2 1956 0.075 0.11 0.60 

 
SD 0.1 0.2 0.008 0.1 0.3 480 0.008 0.01 0.08 

Burgundy pulp (*BP) M 0.5 4 0.14 1.1 5.4 1796 0.050 0.169 0.40 

 
SD 0.1 0.1 0.01 0.5 0.6 420 0.004 0.009 0.06 

Riesling rain skin (*RRS) M 0.8 5 0.028 1.5 4.8 1237 0.099 0.049 1.3 

 
SD 0.1 0.1 0.001 0.6 0.6 320 0.007 0.007 0.1 

Cabernet franc skin (*CFS) M 1.7 4 0.007 1.7 5.9 1604 0.050 < DL 1.2 

 
SD 0.1 0.1 0.001 0.2 0.8 280 0.003 / 0.1 

Merlot skin (*MS) M 0.8 4 0.005 1.2 4.1 1212 0.045 < DL 0.61 

 
SD 0.1 0.1 0.001 0.1 0.2 630 0.007 / 0.07 

Prokupac skin (*PS) M 4 6 0.045 1.2 7.8 755 52 0.24 1.12 

 
SD 0.3 0.2 0.001 0.1 0.2 140 3 0.03 0.01 

Cabernet sauvignon skin (*CSS) M 1.1 2 0.22 1.2 5.2 1124 0.12 < DL 0.73 

 
SD 0.1 0.1 0.01 0.1 0.3 380 0.01 / 0.09 

Burgundy skin (*BS) M 2.3 4 0.093 1.8 6.8 1032 0.09 0.062 1.1 

 
SD 0.6 0.1 0.003 0.1 0.2 510 0.01 0.008 0.1 

Riesling rain skin (*RRS) M 70 20 0.28 140 100 2585 0.872 0.19 14 

 
SD 0.8 1.2 0.02 8 8 380 0.006 0.01 0.1 

Cabernet franc leaf (*CFL) M 52 33 0.26 63 72 1913 0.44 0.023 12.0 

 
SD 5 1.6 0.02 10 10 380 0.01 0.003 2.3 

Merlot leaf (*ML) M 79 20 0.31 29 120 1973 0.72 0.0043 7.8 

 
SD 11 2.6 0.04 3 20 520 0.06 0.0001 0.8 

Prokupac leaf (*PL) M 72 20 0.30 90 110 1080 0.72 0.365 7.3 

 
SD 12 2.1 0.01 10 10 180 0.08 0.008 0.8 

Cabernet sauvignon leaf (*CSL) M 60 20 0.29 82 100 2035 0.44 0.072 9 

 
SD 10 3 0.01 20 20 240 0.03 0.007 1.1 

Burgundy leaf (*BL) M 44 20 0.25 120 110 2588 1.4 0.039 7.6 

 
SD 8 1.6 0.02 20 20 470 0.2 0.007 0.9 

Riesling italian leaf (*RIL) M 51 20 0.24 170 89 1971 1.03 0.062 11 

 
SD 7 2.0 0.02 10 10 550 0.09 0.008 1 

**µg g-1 
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Table 8.2.3: CF and PLI calculated for the elements in the soil samples (Experiment 1; Milićević et al., 2017a) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Soil samples CF Cd CF Co CF Cr CF Cu CF Fe CF Mo CF Ni CF Pb CF V CF Zn PLI 

T1 0.96 1.02 0.89 0.98 1.06 0.83 0.77 0.64 0.94 1.06 0.90 

T2 1.03 1.05 0.94 1.06 1.13 0.86 0.57 0.28 0.99 0.97 0.83 

T3 0.91 0.93 0.89 0.92 0.81 0.85 0.38 0.10 0.89 0.82 0.65 

T4 0.97 0.96 0.92 1.00 0.80 0.92 0.46 0.23 0.95 1.22 0.77 

T5 0.99 0.99 1.06 1.01 0.80 0.96 0.60 0.56 0.97 1.30 0.90 

T6 0.83 0.88 0.80 0.83 0.69 0.72 0.94 27.3 0.82 0.89 1.16 

T10 0.94 0.96 0.93 0.93 0.74 0.81 0.98 0.96 0.91 1.07 0.92 

P 0.89 0.87 0.92 0.87 0.77 0.92 0.94 0.43 0.91 0.81 0.82 

Soil samples CF Cd CF Co CF Cr CF Cu CF Fe CF Mo CF Ni CF Pb CF V CF Zn PLI 

T1 0.96 1.02 0.89 0.98 1.06 0.83 0.77 0.64 0.94 1.06 0.90 

T2 1.03 1.05 0.94 1.06 1.13 0.86 0.57 0.28 0.99 0.97 0.83 

T3 0.91 0.93 0.89 0.92 0.81 0.85 0.38 0.10 0.89 0.82 0.65 

T4 0.97 0.96 0.92 1.00 0.80 0.92 0.46 0.23 0.95 1.22 0.77 

T5 0.99 0.99 1.06 1.01 0.80 0.96 0.60 0.56 0.97 1.30 0.90 

T6 0.83 0.88 0.80 0.83 0.69 0.72 0.94 27.3 0.82 0.89 1.16 

T10 0.94 0.96 0.93 0.93 0.74 0.81 0.98 0.96 0.91 1.07 0.92 
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Table 8.2.4: Igeo and EF calculated for the elements in the soil samples (Experiment 1; Milićević et al., 

2017a) 

Igeo 

 Cd Co Cr Cu Fe Mo Ni Pb V Zn 

T1 -0.6 -0.6 -0.7 -0.6 -0.5 -0.9 -1.0 -1.2 -0.7 -0.5 

T2 -0.5 -0.5 -0.7 -0.5 -0.4 -0.8 -1.4 -2.4 -0.6 -0.6 

T3 -0.7 -0.7 -0.7 -0.7 -0.9 -0.8 -2.0 -3.9 -0.8 -0.9 

T4 -0.6 -0.7 -0.7 -0.6 -0.9 -0.7 -1.7 -2.7 -0.7 -0.3 

T5 -0.6 -0.6 -0.5 -0.6 -0.9 -0.6 -1.3 -1.4 -0.6 -0.2 

T6 -0.9 -0.8 -0.9 -0.8 -1.1 -1.0 -0.7 4.2 -0.9 -0.8 

T10 -0.7 -0.6 -0.7 -0.7 -1.0 -0.9 -0.6 -0.7 -0.7 -0.5 

P -0.8 -0.8 -0.7 -0.8 -1.0 -0.7 -0.7 -1.8 -0.7 -0.9 

EFAl 

 Cd Co Cr Cu Fe Mo Ni Pb V Zn 

T1 1.0 1.1 0.9 1.0 1.1 0.9 0.8 0.7 1.0 1.1 

T2 1.0 1.0 0.9 1.0 1.1 0.8 0.6 0.3 1.0 1.0 

T3 1.1 1.2 1.1 1.2 1.0 1.1 0.5 0.1 1.1 1.0 

T4 1.3 1.3 1.2 1.3 1.1 1.2 0.6 0.3 1.3 1.6 

T5 1.1 1.1 1.1 1.1 0.9 1.0 0.7 0.6 1.1 1.4 

T6 1.3 1.4 1.3 1.3 1.1 1.2 1.5 44 1.3 1.4 

T10 1.3 1.3 1.2 1.3 1.0 1.1 1.3 1.3 1.2 1.4 

P 1.2 1.1 1.2 1.1 1.0 1.2 1.2 0.6 1.2 1.1 
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Table 8.2.5: BAC for Cu, Ni and Zn from soil in different grapevine parts and varieties (Experiment 1; 

Milićević et al., 2017a) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

*calculated values lower than 1 

Grapevine varieties and grapevine parts/soil Cu Ni Zn 

BAC factor grapevine parts/T2 

Riesling rain seed (*RRSE)/soil * * * 

Burgundac seed (*BSE)/soil * * * 

Burgundac pulp (*BP)/soil * * * 

Riesling rain skin (*RRS)/soil * * * 

Burgundac skin (*BS)/soil * * * 

Riesling rain leaf (*RRL)/soil 1.19 * 1.77 

Burgundac leaf (*BL)/soil 1.02 * * 

BAC factor grapevine parts/T3 

Cabernet sauvignon seed (*CSSE)/soil * * * 

Cabernet sauvignon pulp (*CSP)/soil * * * 

Cabernet sauvignon skin (*CSS)/soil * * * 

Cabernet sauvignon leaf (*CSL)/soil * * 1.36 

Riesling italian leaf (*RIL)/soil 1.66 * 1.66 

BAC factor grapevine parts/T4 

Prokupac seed (*PSE)/soil * * * 

Cabernet sauvignon seed (*CSSE)/soil * * * 

Cabernet sauvignon pulp (*CSP)/soil * * * 

Prokupac skin (*PS)/soil * 4.89 * 

Cabernet sauvignon skin (*CSS)/soil * * * 

Prokupac leaf (*PL)/soil * * * 

Cabernet sauvignon leaf (*CSL)/soil * * * 

BF factor grapevine parts/T6 

Cabernet franc seed (*CSSE)/soil * * * 

Cabernet franc skin (*CFS)/soil * * * 

Cabernet franc leaf (*CFL)/soil * * 1.66 

BF factor grapevine parts/T10 

Cabernet franc seed (*CSSE)/soil * * * 

Merlot seed (*MSE)/soil * * * 

Cabernet franc skin (*CFS)/soil * * * 

Merlot skin (*MS)/soil * * * 

Cabernet franc leaf (*CFL)/soil * * 1.38 

Merlot leaf (*ML)/soil * * * 

BAC factor grapevine parts/P 

Cabernet franc seed (*CSSE)/soil * * * 

Cabernet franc skin (*CFS)/soil * * * 

Cabernet franc leaf (*CFL)/soil * * 1.82 
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Figure 8.2.1 Overview of extracted major and trace elements according to the pseudo-total digestion. 
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8.3 Appendix 3: Experiment 2 

 

Table 8.3.1 Descriptive statistics (Median−M, Minimum, Maximum, Median of Percentage − MF% single extraction vs. pseudo-total) of the single-extracted and pseudo-total 

element concentrations (mg kg-1) from the topsoil (0–30 cm) and subsoil (30–60 cm) samples (Experiment 2; Milićević et al., 2018a) 

 

  
Al As B Ba Be Ca Cd Co Cr Cu Fe K Li Mg Mn Na Ni Pb Sb Sr V Zn 

Deionised water 2 h 

0
−

3
0

 c
m

 M 9.9 <DL 0.009 0.60 0.0034 150 0.0011 0.0065 0.022 0.63 2.72 6.07 0.0033 11 0.29 7.0 0.05 0.046 <DL 0.24 0.014 0.493 

Min 1.2 <DL 0.005 0.29 0.0017 44 0.0007 0.0011 0.003 0.11 0.27 1.38 0.0004 6 0.12 4.1 0.01 0.004 <DL 0.12 0.007 0.001 

Max 110.8 <DL 3.368 2.49 0.0110 256 0.0098 0.0217 0.334 1.23 72.76 18.10 0.0531 32 0.71 21.9 0.43 1.355 <DL 0.52 0.134 2.124 

MF% 0.016 / 0.021 0.235 0.188 1.67 0.029 0.025 0.016 1.450 0.007 0.013 0.00001 0.132 0.027 0.906 0.050 0.252 / 0.589 0.024 0.444 

3
0

−
6
0

 c
m

 M 19.4 <DL 0.009 0.88 0.0053 142 0.0015 0.0098 0.034 0.73 4.65 3.71 0.0045 12 0.31 9.1 0.07 0.086 <DL 0.26 0.016 0.860 

Min 4.1 <DL 0.002 0.26 0.0013 49 0.0007 0.0023 0.017 0.32 1.33 1.30 0.0002 4 0.18 4.4 0.03 0.004 <DL 0.09 0.006 0.235 

Max 65.3 <DL 20.726 3.24 0.0152 248 0.0080 0.0239 0.220 3.83 39.01 9.25 0.0316 25 1.19 69.3 1.29 0.544 <DL 0.39 0.079 6.839 

MF% 0.029 / 0.022 0.323 0.245 1.809 0.116 0.038 0.023 1.618 0.011 0.039 0.0001 0.151 0.029 1.104 0.052 0.314 / 0.550 0.018 1.038 

Deionised water 16 h 

0
−

3
0

 c
m

 M 10.3 <DL 0.020 0.27 0.0003 48 0.0015 0.0267 0.040 0.47 4.30 3.68 0.0090 17 0.25 2.7 0.10 0.067 <DL 0.14 0.004 0.129 

Min 0.8 <DL 0.005 0.08 0.0003 7 0.0007 0.0030 0.013 0.06 1.33 0.46 0.0014 7 0.03 1.9 0.01 0.012 <DL 0.05 0.004 0.001 

Max 46.1 <DL 3.611 1.80 0.0078 196 0.0027 0.0735 0.272 1.13 43.5 9.53 0.0566 44 0.71 35.6 5.14 0.189 <DL 0.38 0.043 1.274 

MF% 0.014 / 0.034 0.102 0.014 0.51 0.037 0.103 0.028 1.021 0.009 0.085 0.0002 0.214 0.024 0.376 0.096 0.390 / 0.323 0.006 0.189 

3
0

−
6
0

 c
m

 M 15.4 <DL 0.059 0.40 0.0003 36 0.0015 0.0279 0.067 0.44 9.60 2.00 0.0127 12 0.20 3.0 0.09 0.067 <DL 0.10 0.004 0.150 

Min 1.0 <DL 0.001 0.07 0.0003 6 0.0001 0.0031 0.004 0.06 0.78 0.22 0.0008 5 0.06 2.0 0.01 0.001 <DL 0.04 0.004 0.001 

Max 49.4 <DL 10.357 2.76 0.0026 61 0.0052 0.0702 0.224 3.05 38.0 12.9 0.0542 44 1.30 41.2 1.03 0.183 <DL 0.26 0.044 1.828 

MF% 0.018 / 0.147 0.150 0.012 0.49 0.117 0.102 0.037 1.267 0.019 0.021 0.0003 0.140 0.020 0.404 0.070 0.282 / 0.225 0.004 0.161 

CaCl2 

0
−

3
0

 c
m

 M 1.7 <DL 0.006 1.44 0.0009 / 0.0027 0.0022 0.006 0.105 1.58 33 0.0098 183 0.25 9.0 0.030 <DL <DL 2.87 0.007 0.002 

Min 0.8 <DL 0.006 0.77 0.0002 / 0.0011 0.0009 0.001 0.005 0.74 9 0.0004 59 0.01 3.9 0.003 <DL <DL 1.25 0.003 0.002 

Max 3.2 <DL 4.682 4.26 0.0025 / 0.0123 0.0335 0.011 3.042 2.46 61 0.0292 337 12.79 36.4 0.962 <DL <DL 3.89 0.014 0.335 

MF% 0.002 / 0.014 0.688 0.049 / 0.079 0.009 0.004 0.300 0.004 0.24 0.0002 2.158 0.060 1.233 0.041 / / 6.87 0.009 0.002 

3
0

−
6
0

 c
m

 M 2.0 <DL 0.006 1.40 0.0007 / 0.0022 0.0026 0.006 0.051 1.64 17 0.0098 196 0.22 13.1 0.021 <DL <DL 2.90 0.006 0.002 

Min 1.0 <DL 0.006 0.77 0.0002 / 0.0011 0.0009 0.001 0.001 0.86 7 0.0017 44 0.01 5.6 0.003 <DL <DL 1.43 0.003 0.002 

Max 4.7 <DL 24.681 5.49 0.0078 / 0.0205 0.1136 0.086 0.585 4.08 47 0.0373 357 26.07 110.0 1.614 <DL <DL 4.11 0.011 0.643 

MF% 0.003 / 0.015 0.577 0.032 / 0.224 0.012 0.004 0.135 0.004 0.19 0.0002 2.653 0.029 1.750 0.022 / / 6.17 0.007 0.002 
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NH4NO3 

0
−

3
0

 c
m

 M 2.0 <DL 0.003 33.1 0.0013 3060 <DL 0.0020 0.005 0.041 1.63 129 0.07 246 0.47 8.9 0.044 <DL <DL 5.95 0.007 0.030 

Min 0.5 <DL 0.003 20.0 0.0002 2029 <DL 0.0001 0.000 0.005 0.58 74 0.05 67 0.05 5.2 0.003 <DL <DL 3.80 0.002 0.001 

Max 6.1 <DL 0.439 66.9 0.0078 3902 <DL 0.0408 0.013 4.151 3.66 225 0.09 558 21.21 30.9 1.713 <DL <DL 7.82 0.013 0.434 

MF% 0.003 / 0.007 14.181 0.061 36.044 / 0.007 0.003 0.095 0.004 0.319 0.002 3.125 0.099 1.208 0.048 / 
 

14.005 0.009 0.063 

3
0

−
6
0

 c
m

 M 2.5 <DL 0.003 38.6 0.0013 3246 <DL 0.0018 0.006 0.069 1.66 94 0.07 295 0.47 13.5 0.039 <DL <DL 6.35 0.006 0.037 

Min 0.0 <DL 0.003 21.3 0.0002 1960 <DL 0.0001 0.001 0.002 0.43 68 0.05 57 0.05 5.4 0.004 <DL <DL 4.37 0.003 0.001 

Max 24.7 <DL 7.714 56.5 0.0342 4513 <DL 0.1432 0.017 43.849 4.42 163 0.10 553 33.31 86.3 2.475 <DL <DL 9.12 0.012 0.800 

MF% 0.004 / 0.008 13.655 0.060 42.078 / 0.007 0.004 0.175 0.004 0.969 0.001 3.750 0.060 1.772 0.035 / 
 

13.3 0.006 0.055 

Na2EDTA 

0
−

3
0

 c
m

 M. 324 0.17 <DL 13.6 0.0017 4283 0.08 6.20 0.005 6.7 178 41 0.08 186 352 / 8.03 7.90 <DL 5.07 1.357 2.890 

Min 54 0.00 <DL 4.1 0.0004 1924 0.04 1.40 0.005 4.2 62 13 0.07 73 189 / 2.94 3.54 <DL 3.33 0.544 1.141 

Max 463 0.37 <DL 20.1 0.0302 18945 0.23 7.98 0.039 25.7 284 74 0.10 324 484 / 13.66 10.8 <DL 19.61 2.630 6.270 

MF% 0.450 0.01 0.040 5.61 0.126 47.9 1.96 23.3 0.004 15.133 0.424 0.946 0.002 2.321 32.331 / 7.843 44.4 / 11.43 1.783 2.851 

3
0

−
6
0

 c
m

 M 306 0.09 <DL 13.5 0.0049 3257 0.06 5.62 0.005 5.2 154 19 0.08 183 292 / 6.12 6.49 <DL 4.64 1.112 1.395 

Min 28 0.01 <DL 4.0 0.0000 1573 0.01 0.24 0.004 1.4 26 7 0.05 58 47 / 1.34 2.14 <DL 1.83 0.129 0.501 

Max 561 0.31 <DL 21.2 0.0346 19247 0.14 8.82 0.750 394.2 334 63 0.11 333 538 / 13.59 11.3 <DL 21.6 2.507 8.065 

MF% 0.450 0.006 0.043 5.09 0.199 44.2 4.68 22.4 0.003 14.557 0.393 0.197 0.002 2.329 26.409 / 5.082 27.4 / 9.12 1.017 1.414 

CH3COOH 

0
−

3
0

 c
m

 M 44 <DL 0.10 21.1 0.15 1512 0.0113 0.27 0.085 0.010 11 96 0.19 310 38 15.9 8.94 0.04 <DL 5.63 0.025 0.778 

Min 20 <DL 0.01 14.6 0.02 762 0.0022 0.03 0.039 0.010 6 43 0.10 156 22 11.3 6.92 0.01 <DL 4.11 0.009 0.130 

Max 54 <DL 9.17 26.3 0.21 36400 0.0519 0.43 0.150 192.6 15 208 0.82 421 111 43.5 22.69 0.25 <DL 54.9 0.046 3.029 

MF% 0.062 / 0.141 8.400 7.900 16.798 0.290 1.093 0.056 0.024 0.027 0.819 0.005 3.59 3.427 2.103 8.562 0.219 / 13.2 0.036 1.028 

3
0

−
6
0

 c
m

 M. 38 <DL 0.10 21.5 0.16 1253 0.0095 0.23 0.084 0.010 11 62 0.19 295 31 21.8 12.14 0.04 <DL 5.73 0.024 0.319 

Min 15 <DL 0.05 12.3 0.00 717 0.0006 0.02 0.035 0.003 5 33 0.08 121 17 14.1 7.72 0.03 <DL 3.62 0.002 0.002 

Max 58 <DL 36.00 27.1 0.21 64455 0.0449 0.50 0.878 6.885 16 114 1.33 463 175 125.6 63.39 0.11 <DL 76.1 0.046 3.820 

MF% 0.056 / 0.250 7.286 7.740 16.373 0.764 1.043 0.052 0.027 0.024 0.657 0.004 3.66 3.171 2.850 9.319 0.151 / 11.9 0.023 0.780 

Pseudo-total 

0
−

3
0

 c
m

 M 71351 13.9 41.9 255 1.97 8561 3.90 25.8 142 43.2 42381 11516 40.2 9214 1083 750 108 16.9 3.19 42.4 65.8 82.3 

Min 60784 8.6 33.7 210 1.70 5342 3.56 21.3 94 38.1 40138 10304 35.7 7731 904 699 62 13.0 2.62 28.5 56.0 71.5 

Max 81568 17.6 59.8 284 2.41 60997 4.40 33.6 221 82.9 47782 13121 43.4 12152 1681 866 199 27.7 4.22 95.6 71.7 101.1 

C 69945 15.4 19.7 331 1.92 6696 0.28 16.5 87 51.6 40977 11268 38.0 8280 1122 817 59 28.4 5.30 104.3 105.8 85.3 

3
0

−
6
0

 c
m

 M 69049 15.6 41.4 293 2.09 8001 1.26 25.7 153 39.3 43681 9873 47.8 9397 1075 772 134 22.6 5.22 48.2 94.7 82.9 

Min 8536 1.2 11.0 129 0.16 4764 0.44 17.4 34 26.9 10236 1634 8.6 6390 767 395 33 6.9 1.57 33.6 0.9 55.8 

Max 81384 19.0 96.3 424 2.84 96473 2.37 31.2 257 90.2 52079 13715 58.9 12629 1755 1000 298 54.4 6.89 147.7 107.7 131.2 

C 69795 12.9 43.7 275 2.02 6329 2.17 21.3 78 112.5 44013 9592 38.0 8960 882 456 51 17.3 2.46 47.1 64.6 89.1 

 
MAC 

 
25 50 / / / 3 / 100 100 / / / / / / 50 100 / / / 300 

M – Median; DL – detection limit MAC – maximum allowed concentrations (Official Gazette of Republic of Serbia); C – control sample 
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Table 8.3.2 Spearman’s correlation coefficients between the element concentrations within different soil layers – topsoil and subsoil (Experiment 2; Milićević et al., 2018a) 
Spearman’s R between elements in soil (0-30 cm) 

 
Al As B Ba Be Ca Cd Co Cr Cu Fe K Li Mg Mn Na Ni Pb Sb Sr V Zn 

Al 1.00 
                     

As -0.55 1.00 
                    

B 0.09 -0.02 1.00 
                   

Ba 0.36 -0.30 -0.63 1.00 
                  

Be 0.39 -0.02 -0.63 0.84 1.00 
                 

Ca -0.22 0.47 0.26 -0.58 -0.37 1.00 
                

Cd 0.24 0.13 -0.53 0.65 0.84 -0.21 1.00 
               

Co 0.18 -0.30 0.29 0.25 0.09 -0.29 0.19 1.00 
              

Cr 0.16 0.04 0.55 -0.52 -0.36 0.57 -0.12 0.17 1.00 
             

Cu 0.04 -0.09 0.21 -0.24 -0.32 0.19 -0.01 0.16 0.30 1.00 
            

Fe 0.66 -0.18 -0.17 0.35 0.58 -0.13 0.74 0.15 0.23 0.15 1.00 
           

K 0.40 0.20 0.66 -0.40 -0.16 0.33 -0.07 0.01 0.63 0.05 0.32 1.00 
          

Li 0.42 0.24 0.10 0.05 0.31 0.40 0.29 -0.33 0.36 -0.24 0.47 0.61 1.00 
         

Mg 0.36 -0.01 0.59 -0.60 -0.44 0.58 -0.27 0.01 0.82 0.39 0.21 0.71 0.34 1.00 
        

Mn -0.27 -0.23 -0.25 0.46 0.07 -0.33 0.07 0.47 -0.41 0.17 -0.21 -0.61 -0.53 -0.53 1.00 
       

Na -0.03 -0.08 -0.32 0.39 0.30 -0.18 0.32 0.13 -0.07 -0.15 0.02 -0.26 -0.09 -0.25 0.08 1.00 
      

Ni 0.11 0.07 0.53 -0.46 -0.34 0.63 -0.09 0.23 0.94 0.34 0.18 0.61 0.36 0.79 -0.28 -0.11 1.00 
     

Pb -0.39 0.32 0.02 -0.01 -0.16 -0.10 -0.28 0.12 -0.39 0.04 -0.59 -0.27 -0.53 -0.33 0.31 -0.09 -0.35 1.00 
    

Sb 0.22 0.20 0.54 -0.57 -0.29 0.52 -0.15 -0.07 0.67 0.15 0.24 0.77 0.48 0.78 -0.58 -0.43 0.69 -0.28 1.00 
   

Sr -0.56 0.27 0.54 0.21 0.18 0.06 0.32 -0.20 -0.28 0.05 -0.14 -0.55 -0.23 -0.46 0.41 0.32 -0.23 0.00 -0.49 1.00 
  

V 0.85 -0.72 -0.13 0.54 0.46 -0.44 0.31 0.31 -0.02 0.01 0.55 -0.02 0.13 0.09 -0.02 0.23 -0.11 -0.38 -0.14 -0.33 1.00 
 

Zn 0.20 0.25 0.09 0.13 0.18 0.02 0.34 0.16 0.18 0.16 0.22 0.35 0.14 0.15 -0.17 0.28 0.18 0.25 0.22 -0.05 0.05 1.00 

Spearman’s R between elements in soil (30-60 cm) 

 
Al As B Ba Be Ca Cd Co Cr Cu Fe K Li Mg Mn Na Ni Pb Sb Sr V Zn 

Al 1.00 
                     

As 0.31 1.00 
                    

B 0.30 0.05 1.00 
                   

Ba 0.40 0.37 -0.13 1.00 
                  

Be 0.35 0.46 -0.33 0.80 1.00 
                 

Ca -0.08 -0.14 -0.02 0.53 -0.40 1.00 
                

Cd 0.25 0.64 -0.02 0.12 0.17 0.09 1.00 
               

Co 0.22 0.48 0.06 0.41 0.32 -0.63 0.48 1.00 
              

Cr 0.44 0.04 0.47 -0.11 0.00 0.41 0.19 -0.09 1.00 
             

Cu 0.32 0.36 0.30 0.01 -0.01 -0.03 0.51 0.20 0.13 1.00 
            

Fe 0.66 0.67 0.02 0.34 0.49 0.01 0.76 0.47 0.39 0.39 1.00 
           

K 0.66 0.10 0.62 -0.19 -0.21 0.39 0.17 -0.20 0.74 0.38 0.35 1.00 
          

Li 0.76 0.38 0.00 0.73 0.79 -0.27 0.10 0.26 0.32 0.10 0.60 0.24 1.00 
         

Mg 0.68 -0.07 0.55 -0.15 -0.17 0.32 0.11 -0.09 0.78 0.30 0.35 0.88 0.32 1.00 
        

Mn -0.28 0.22 0.01 0.49 0.12 -0.53 0.06 0.42 -0.34 -0.03 -0.12 -0.47 -0.04 -0.53 1.00 
       

Na 0.44 0.05 0.40 -0.16 -0.24 0.44 0.09 -0.21 0.63 0.35 0.21 0.80 0.16 0.78 -0.25 1.00 
      

Ni 0.23 -0.13 0.34 -0.22 -0.07 0.44 0.20 -0.07 0.90 0.03 0.24 0.56 0.12 0.66 -0.40 0.46 1.00 
     

Pb -0.20 0.26 -0.11 0.57 0.41 -0.62 -0.24 0.25 0.43 -0.07 -0.26 -0.51 0.19 -0.49 0.66 -0.30 -0.50 1.00 
    

Sb 0.49 0.23 0.42 -0.18 -0.04 0.47 0.44 -0.06 0.87 0.36 0.58 0.76 0.28 0.76 -0.40 0.62 0.75 -0.60 1.00 
   

Sr -0.62 -0.11 0.45 -0.10 -0.07 0.33 -0.18 -0.41 -0.33 -0.17 -0.34 -0.35 -0.39 -0.47 0.18 -0.10 -0.28 0.08 -0.28 1.00 
  

V 0.63 0.20 -0.02 0.83 0.76 -0.46 -0.05 0.34 0.19 0.03 0.40 0.07 0.88 0.22 0.12 0.07 0.05 0.36 0.02 -0.36 1.00 
 

Zn 0.37 0.70 -0.17 0.46 0.66 -0.24 0.51 0.30 0.04 0.48 0.59 0.04 0.52 0.04 -0.07 0.00 -0.07 0.26 0.19 -0.11 0.41 1.00 

p<0.01 

p<0.05 
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Table 8.3.3 Descriptive statistics (Median, Minimum, Maximum, Mean and Standard Deviation) of the element concentrations (mg kg-1) in the grapevine parts (leaf, skin, pulp, 

and seed) and wine (*mg L-1) (Experiment 2; Milićević et al., 2018a) 

 
Al As B Ba Be Ca Cd Co Cr Cu Fe K Li Mg Mn Na Ni Pb Sb Sr V Zn 

Seed 

M 0.78 0.0019 5.8 26.0 < DL 40722 0.00094 0.00385 0.0218 7.3 15.4 23731 < DL 7645 6.82 44.7 0.076 0.0005 0.00167 3.84 0.00078 7.14 

Min 0.10 0.0004 4.2 7.0 < DL 26628 0.00019 0.00012 0.0108 4.0 3.3 21238 < DL 977 0.48 13.2 0.005 0.0005 0.00006 0.77 0.00004 0.34 

Max 7.44 0.0073 7.6 58.3 < DL 53893 0.00974 0.01966 0.3322 14.5 20.1 38603 < DL 8844 21.03 466.0 0.549 1.4156 0.01644 8.13 0.02186 10.93 

Pulp 

M 0.79 0.0004 2.5 1.5 < DL 2003 0.00014 0.00006 0.0057 0.8 2.8 11432 < DL 704 0.26 33.1 0.014 0.0003 0.00081 0.30 0.00125 3.00 

Min 0.28 0.0001 1.3 0.4 < DL 1117 0.00004 0.00005 0.0045 0.3 1.2 8378 < DL 549 0.15 0.5 0.002 0.0002 0.00003 0.08 0.00003 1.68 

Max 6.31 0.0024 5.0 3.4 < DL 3636 0.00409 0.05530 2.4625 25.9 12.0 18840 < DL 966 2.25 59.7 0.111 0.5618 0.00332 1.79 0.00451 6.79 

Skin 

M 0.55 0.0002 6.9 3.9 < DL 3512 0.00025 0.00116 0.0075 1.1 5.2 25923 < DL 1090 0.81 12.8 0.045 0.0003 0.00086 0.89 0.00097 2.00 

Min 0.27 0.0000 0.0 1.8 < DL 2371 0.00004 0.00003 0.0043 0.8 4.1 14757 < DL 919 0.44 0.0 0.003 0.0002 0.00001 0.41 0.00003 1.13 

Max 10.83 0.0033 9.7 8.9 < DL 4643 0.30453 0.41281 0.0811 7.5 9.0 31568 < DL 1225 3.33 22.7 0.098 0.7741 0.01811 1.56 0.00911 4.60 

whole berry 

M 0.32 0.0002 4.4 3.3 < DL 3882 0.00030 0.00014 0.0050 1.3 3.7 16687 < DL 1209 0.90 21.6 0.032 0.0002 0.00053 0.58 0.00023 0.70 

Min 0.17 0.0001 2.3 1.1 < DL 2012 0.00003 0.00005 0.0039 0.8 2.4 12001 < DL 840 0.48 4.3 0.008 0.0002 0.00002 0.24 0.00002 0.19 

Max 6.93 0.0022 6.2 8.9 < DL 5862 0.00377 0.00447 0.0092 8.8 8.3 22317 < DL 1562 3.26 34.6 0.203 0.0003 0.00873 1.20 0.00214 1.12 

MAC (ff) 
 

0.1 
    

0.05 
          

1 
    

Leaf 

M 55 0.08 20 15.9 0.0025 30461 0.0019 0.07 0.20 4.4 107 6477 0.25 2896 56 53 1.14 0.20 0.0106 44 0.10 16 

Min 22 0.03 14 7.41 0.0003 25411 0.0004 0.03 0.05 3.2 56 4587 0.09 1954 27 5 0.02 0.01 0.0003 18 0.04 11 

Max 98 0.31 48 37.2 0.0192 39573 0.0108 0.25 2.83 6.4 251 9238 0.36 4958 185 120 5.38 2.43 0.4410 64 0.22 29 

Sauvignon blanc (wite wine) 

*Mean 18 0.0017 19.7 0.09 < DL 63 0.002 1.29E-04 0.00028 < DL 33 313 < DL 85.5 0.84 9.3 < DL < DL 0.02 2.11 0.003 9.3 

SD 3 0.0002 0.3 0.04 < DL 1 0.001 0.0000005 1.07E-06 < DL 10 1 < DL 0.2 0.02 0.4 < DL < DL 0.01 0.03 0.001 0.8 

Cabernet sauvignon (red wine) 

*Mean 10 0.0002 42 0.074 < DL 68 0.002 0.005 0.03 < DL 25 626 < DL 97 1.11 20 0.7 0.086 0.002 2.86 0.0014 6 

SD 8 0.0001 1 0.006 < DL 3 0.001 0.003 0.01 < DL 15 11 < DL 2 0.02 2 0.5 0.006 0.001 0.06 0.0007 0.5 

*MAC (RS) 
 

0.2 
    

0.1 
  

3.0 5 
      

0.3 
   

5 

*MAC (A) 
 

0.1 
    

0.05 
  

5.0 
       

0.2 
   

5 

*MAC (G) 8 0.1 
    

0.01 
  

5.0 
       

0.3 
   

5 

*MAC (I) 
         

10 
       

0.3 
   

5 

*MAC (OIV) 
 

0.2 80 
   

0.01 
  

1.0 
     

60 
 

0.2 
   

5 

*MAC (C) 5 wv 10 0.2 80 
   

0.01 
 

0.1 1.0 10 
    

20 0.1 0.3 
   

5 

*MAC (C) 5 rv 10 0.2 80 
   

0.01 
 

0.1 1.0 20 
    

20 0.1 0.3 
   

5 

*MAC (C) 16 wv 
     

0.01 
  

1.0 10 
      

0.2 
   

5 

*MAC (C) 16 rv 
      

0.01 
  

1.0 20 
      

0.2 
   

5 
M. – Median; DL– detection limit; MAC – maximum allowed concentrations prescribed by national and international gazettes: MAC(ff) – Officiall Gazette of Republic of Serbia. prescribed values for fresh fruit; Values prescribed for the wine: 

*MAC (RS) – Republic of Serbia; *MAC (A) – Australia; *MAC (G) – Germany; *MAC (I)-Italy; *MAC (OIV) – International Organisation of Vine and Wine; *MAC (C) 5 wv and *MAC (C) 16 wv – Croatian National Gazettes for wite wine; 

*MAC (C) 5 rv and *MAC (C) 16 rv – Croatian National Gazettes for red wine. 
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Table 8.3.4 Spearman’s correlation coefficients between the elements in the soil and the grapevine parts (leaf, skin, pulp and seed) (Experiment 2; Milićević et al., 2018a) 

Topsoil layer (0–30 cm)–grapevine parts 

soil–leaf R p soil–skin R p soil–pulp R p soil–seed R p 

Ba 2h  H2O–Ba leaf 0.70 <0.01 Ba 2h  H2O–Ba skin 0.73 <0.01 Ba 2h  H2O–Ba pulp 0.80 <0.01 Ba 2h  H2O–Ba seed 0.82 <0.01 

Ba 16h H2O–Ba leaf 0.60 <0.01 Ba 16h H2O–Ba skin 0.86 <0.01 Ba 16h H2O–Ba pulp 0.77 <0.01 Ba 16h H2O–Ba seed 0.89 <0.01 

Ba CaCl2–Ba leaf 0.60 <0.01 Ba CaCl2–Ba skin 0.90 <0.01 Ba CaCl2–Ba pulp 0.91 <0.01 Ba CaCl2–Ba seed 0.95 <0.01 

Ba NH4NO3–Ba leaf 0.68 <0.01 Ba NH4NO3–Ba skin 0.66 <0.01 Ba NH4NO3–Ba pulp 0.66 <0.01 Ba NH4NO3–Ba seed 0.75 <0.01 

Ba Na2EDTA–Ba leaf 0.57 <0.01 Ba Na2EDTA–Ba skin 0.53 <0.01 Ba Na2EDTA–Ba pulp 0.51 <0.01 Ba Na2EDTA–Ba seed 0.54 <0.01 

Ba CH3COOH–Ba leaf 0.75 <0.01 Ba CH3COOH–Ba skin 0.53 <0.01 Sr 2h  H2O–Sr pulp 0.57 <0.01 Cr 2h  H2O–Ni seed 0.52 <0.01 

Ni CaCl2–Ni leaf 0.53 <0.01 Sr CaCl2–Sr skin 0.82 <0.01 Sr 16h H2O–Srpulp 0.65 <0.01 Cu 2h  H2O–Ni seed 0.56 <0.01 

Cu Na2EDTA–Cu leaf 0.56 <0.01 Sr 2h H2O–Sr skin 0.50 <0.01 Ba CH3COOH–Ba pulp 0.43 <0.05 Ni 2h  H2O–Ni seed 0.55 <0.01 

Mn CaCl2–Mn leaf 0.42 <0.05 Fe 16h H2O–Fe skin 0.56 <0.01 Sr CaCl2–Sr pulp 0.40 <0.05 Ba CH3COOH–Ba seed 0.49 <0.05 

Mn NH4NO3–Mn leaf 0.47 <0.05 V 16h H2O–V skin 0.44 <0.01 Sr Na2EDTA–Sr pulp 0.40 <0.05    
Ni NH4NO3–Ni leaf 0.45 <0.05 Cu Na2EDTA–Cu skin 0.40 <0.05       
Be NH4NO3–Be leaf 0.50 <0.05 Zn Na2EDTA–Zn skin 0.44 <0.05       
V Na2EDTA– V leaf 0.41 <0.05 Ni CaCl2–Ni skin 0.40 <0.05       

   Sr NH4NO3–Sr skin 0.46 <0.05       
   Mn NH4NO3–Mn skin 0.41 <0.05       

Subsoil layer (30–60 cm)–grapevine parts 

soil–leaf R p soil–skin R p soil–pulp R p  soil–seed R p 

Ba 2h  H2O–Ba leaf 0.58 <0.01 Ba 2h  H2O–Ba skin 0.66 <0.01 Ba 2h  H2O–Ba pulp 0.82 <0.01  Ba 2h  H2O–Ba seed 0.76 <0.01 

Ba 16h H2O–Ba leaf 0.61 <0.01 Ba 16h H2O–Ba skin 0.82 <0.01 Ba 16h H2O–Ba pulp 0.80 <0.01  Ba 16h H2O–Ba seed 0.81 <0.01 

Ba CaCl2–Ba leaf 0.58 <0.01 Ba CaCl2–Ba skin 0.91 <0.01 Ba CaCl2–Ba pulp 0.91 <0.01  Ba CaCl2–Ba seed 0.96 <0.01 

Ba NH4NO3–Ba leaf 0.57 <0.01 Ba NH4NO3–Ba skin 0.77 <0.01 Ba NH4NO3–Ba pulp 0.70 <0.01  Ba NH4NO3–Ba seed 0.77 <0.01 

Ba Na2EDTA–Ba leaf 0.70 <0.01 Ba Na2EDTA–Ba skin 0.73 <0.01 Ba Na2EDTA–Ba pulp 0.65 <0.01  Ba Na2EDTA–Ba seed 0.68 <0.01 

Ba CH3COOH–Ba leaf 0.62 <0.01 Ba CH3COOH–Ba skin 0.60 <0.01 Ba CH3COOH–Ba pulp 0.51 <0.01  Ba CH3COOH–Ba 

seed 

0.52 <0.01 

Sr 16h H2O–Sr leaf 0.52 <0.01 Sr CaCl2–Sr skin 0.78 <0.01 Sr 2h  H2O–Sr pulp 0.52 <0.01  Ni CaCl2–Ni seed 0.62 <0.01 

Ni CaCl2–Ni leaf 0.50 <0.05 Sr NH4NO3–Sr skin 0.61 <0.01 Sr 16h H2O–Sr pulp 0.51 <0.01  Ni NH4NO3–Ni seed 0.60 <0.01 

Ni NH4NO3–Ni leaf 0.43 <0.05 Al Na2EDTA–Al skin 0.51 <0.01 Sr CaCl2–Sr pulp 0.64 <0.01  Sr CaCl2–Sr seed 0.41 <0.05 

V CaCl2–V leaf 0.44 <0.05 Ni CaCl2–Ni skin 0.50 <0.05 Sr NH4NO3–Sr pulp 0.58 <0.01  Ni 2h  H2O–Ni seed 0.4 <0.05 

   Ni NH4NO3–Ni skin 0.44 <0.05 Sr Na2EDTA–Sr pulp 0.56 <0.01  Ni 16h  H2O–Ni seed 0.41 <0.05 

      Al 16h H2O–Al pulp 0.42 <0.05     
      Cu 16h H2O–Cu pulp 0.44 <0.05     
      V 16h H2O–V pulp 0.40 <0.05     
      V Na2EDTA–V pulp 0.44 <0.05     
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Table 8.3.5 CF calculated for the potentially toxic elements measured in the vineyard soil samples (Experiment 

2; Milićević et al., 2018a) 

 

 Al As B Ba Be Cd Co Cr Cu Fe Mn Na Ni Pb Sb Sr V Zn 

Sample CF (0−30 cm) 

1 0.99 0.95 2.12 0.79 1.05 13.94 1.63 1.60 1.09 1.04 1.19 0.99 1.75 0.89 0.49 0.45 0.62 0.97 

2 0.95 0.90 2.05 0.79 1.01 13.31 1.55 1.37 1.19 1.00 1.25 0.92 1.57 0.79 0.53 0.43 0.60 0.96 

3 0.94 0.88 2.05 0.80 1.01 13.50 1.70 1.43 0.78 1.00 1.38 0.88 1.72 0.75 0.54 0.40 0.61 0.88 

4 1.00 0.89 1.84 0.80 1.07 13.79 1.58 1.48 0.76 1.03 1.09 0.95 1.74 0.61 0.57 0.41 0.63 0.92 

5 1.06 0.88 1.77 0.81 1.11 14.27 1.44 1.30 1.61 1.07 0.97 0.90 1.39 0.54 0.59 0.41 0.65 0.95 

6 1.06 0.86 1.71 0.83 1.12 13.82 1.29 1.08 0.75 1.04 0.90 0.92 1.06 0.55 0.57 0.42 0.64 0.94 

7 1.13 0.91 1.77 0.83 1.26 14.45 1.50 1.33 0.80 1.09 0.87 0.98 1.57 0.53 0.56 0.40 0.68 0.95 

8 1.06 0.87 1.98 0.83 1.16 14.12 1.54 1.81 0.83 1.06 0.97 0.91 2.68 0.56 0.67 0.41 0.63 0.97 

9 1.12 0.89 2.12 0.84 1.15 15.47 1.99 2.33 0.85 1.17 1.00 1.05 3.41 0.46 0.70 0.41 0.68 1.06 

10 0.91 1.14 1.91 0.72 0.97 13.25 1.42 1.66 0.83 0.98 0.90 1.00 1.86 0.81 0.60 0.57 0.57 1.07 

11 0.98 0.93 2.07 0.77 1.06 13.84 1.64 1.53 0.81 1.02 1.05 1.00 1.77 0.67 0.60 0.46 0.62 1.03 

12 0.95 0.91 2.32 0.81 1.01 14.06 2.04 1.42 1.04 1.00 1.50 1.03 1.82 0.98 0.55 0.43 0.60 1.19 

13 1.02 0.83 2.35 0.82 1.08 13.51 1.68 1.35 0.74 1.02 1.08 1.00 1.40 0.55 0.54 0.42 0.64 0.89 

14 1.10 0.87 2.03 0.86 1.11 14.46 1.56 1.52 0.81 1.10 1.06 1.02 1.61 0.50 0.54 0.45 0.65 1.15 

15 1.07 0.67 2.57 0.67 0.91 13.48 1.63 2.54 0.93 1.06 0.86 0.91 2.90 0.51 0.80 0.32 0.64 1.03 

16 1.15 0.78 2.66 0.71 0.90 12.63 1.59 1.74 0.93 1.03 0.91 0.86 1.95 0.66 0.71 0.31 0.65 0.97 

17 1.17 0.56 2.97 0.77 0.91 12.51 1.74 1.66 0.91 1.02 1.28 0.89 2.17 0.63 0.60 0.32 0.65 0.92 

18 1.02 0.78 2.60 0.66 0.89 12.74 1.52 1.94 0.84 1.03 0.81 1.06 2.13 0.52 0.61 0.27 0.64 0.94 

19 0.99 1.03 2.45 0.73 1.01 13.24 1.43 1.57 0.81 0.98 0.90 0.91 1.81 0.72 0.69 0.38 0.59 0.96 

20 1.02 0.97 3.04 0.73 1.04 13.75 1.56 1.74 0.81 1.03 0.83 0.90 2.04 0.65 0.64 0.39 0.61 1.11 

21 1.02 0.98 2.14 0.74 1.09 14.49 1.63 2.01 0.87 1.08 0.89 0.91 2.33 0.53 0.67 0.41 0.61 0.95 

22 0.87 0.93 2.12 0.65 0.90 13.12 1.44 1.88 0.85 0.99 0.97 0.93 2.28 0.49 0.57 0.89 0.54 0.84 

23 1.00 1.01 2.36 0.73 1.00 13.06 1.49 1.51 0.81 1.00 0.96 0.90 1.76 0.73 0.67 0.38 0.59 0.97 

24 1.02 0.98 2.46 0.70 1.02 13.67 1.57 1.68 0.83 1.06 0.85 0.90 1.99 0.63 0.75 0.35 0.59 1.02 

25 1.05 0.97 2.26 0.73 1.06 14.23 1.62 1.69 0.88 1.10 0.94 0.91 2.12 0.58 0.72 0.37 0.60 1.04 

26 0.88 0.93 2.38 0.63 0.89 13.57 1.44 1.74 0.90 1.06 1.04 0.86 2.21 0.46 0.73 0.92 0.53 0.89 

CF (30−60 cm) 

1 0.84 1.20 0.93 1.03 1.00 0.56 1.24 1.70 0.33 0.92 1.52 1.49 2.34 2.08 1.74 1.02 1.40 0.83 

2 0.86 1.21 0.86 1.08 1.03 0.58 1.07 1.68 0.50 0.90 1.37 1.48 2.10 1.82 1.59 1.07 1.42 1.01 

3 0.88 1.24 0.98 1.13 1.03 0.58 1.38 1.75 0.32 0.94 1.93 1.59 2.48 1.84 1.72 1.06 1.45 0.93 

4 0.94 1.21 0.81 1.06 1.09 0.58 1.28 1.97 0.31 0.99 1.47 1.31 2.75 1.35 1.97 0.85 1.45 0.93 

5 1.04 1.26 0.86 1.26 1.21 0.59 1.25 1.72 0.80 1.04 1.53 1.68 2.06 1.63 1.90 1.07 1.59 0.99 

6 0.98 1.17 0.78 1.12 1.14 0.54 1.22 1.32 0.29 0.98 1.19 1.50 1.46 1.30 1.59 1.04 1.49 0.92 

7 1.12 1.32 0.79 1.22 1.40 0.60 1.22 1.75 0.33 1.09 1.14 1.65 2.33 1.32 1.76 1.02 1.67 0.96 

8 1.05 1.18 0.84 1.19 1.30 0.59 1.10 2.38 0.32 1.04 1.07 1.66 4.02 1.10 2.27 1.02 1.54 0.94 

9 1.05 1.21 0.84 1.09 1.23 0.64 1.41 3.30 0.35 1.18 0.95 1.74 5.87 0.91 2.60 0.94 1.61 1.11 

10 0.93 1.28 0.84 1.05 1.06 0.58 1.12 1.92 0.35 0.97 1.12 2.00 2.50 3.15 1.94 1.41 1.42 1.47 

11 0.97 1.19 0.84 1.08 1.12 0.57 1.11 1.77 0.75 0.99 1.09 1.73 2.34 1.26 2.23 1.12 1.48 0.99 

12 0.93 1.26 1.04 1.19 1.12 0.61 1.47 1.81 0.36 1.00 1.99 1.68 2.63 1.64 1.85 1.01 1.50 0.92 

13 0.83 1.18 1.17 1.06 1.02 0.53 1.21 1.46 0.32 0.91 1.74 1.46 1.92 1.74 1.50 1.00 1.43 0.87 

14 1.00 1.27 0.90 1.16 1.14 0.58 1.36 1.81 0.36 1.07 1.82 1.68 2.22 1.64 1.82 1.03 1.55 0.97 

15 0.94 0.73 1.21 0.92 0.79 0.46 0.97 2.34 0.31 0.88 0.97 1.93 2.96 0.66 2.16 1.50 1.42 0.72 

16 1.17 1.12 1.19 1.09 0.96 0.51 1.18 2.30 0.35 0.97 1.25 1.82 2.66 1.63 2.19 0.83 1.61 0.90 

17 1.13 0.77 1.28 1.14 0.94 0.52 1.24 2.35 0.36 0.97 1.34 1.95 2.92 1.41 2.09 0.84 1.60 0.90 

18 1.02 1.05 1.06 0.95 0.92 0.53 1.04 2.63 0.35 0.97 0.95 2.19 3.09 1.17 2.19 0.77 1.53 0.91 

19 1.05 1.47 1.23 1.54 1.15 0.60 1.19 3.15 0.33 1.12 1.75 1.75 2.68 1.62 2.80 1.02 1.55 0.97 

20 1.06 1.31 2.20 0.99 1.17 0.57 1.20 2.68 0.39 1.06 0.87 1.71 2.93 1.27 2.38 0.90 1.50 0.98 

21 0.12 0.10 0.25 0.47 0.08 0.20 0.82 0.44 0.24 0.23 1.03 0.87 0.64 0.79 0.64 3.11 0.01 0.63 

22 0.83 1.20 0.93 0.89 0.87 0.54 1.03 2.65 0.33 0.95 1.26 1.85 3.28 1.07 2.43 3.13 1.28 0.76 

23 1.14 1.43 1.16 0.96 0.78 1.08 1.22 1.96 0.41 1.08 1.19 2.14 2.32 0.65 2.59 0.94 1.12 0.95 

24 1.00 1.21 1.41 0.75 0.74 1.09 1.32 2.20 0.37 1.07 0.88 1.50 3.16 0.40 2.35 0.71 0.98 0.96 

25 1.00 1.22 0.97 0.86 0.69 1.04 1.21 2.01 0.45 1.03 1.19 1.94 2.67 0.68 2.28 0.97 0.97 0.91 

26 0.88 1.09 0.96 0.73 0.52 1.01 1.18 2.58 0.36 1.01 1.29 1.86 3.19 0.44 2.29 1.75 0.86 0.82 
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Table 8.3.6 BAC of the elements in different grapevine parts from the soil (0–30 cm and 30–60 cm) (Experiment 2; Milićević et al., 2018a) 

 Al As B Ba Be Ca Cd Co Cr Cu Fe K Li Mg Mn Na Ni Pb Sb Sr V Zn 

BAC seed/soil (0-30) 

M 1.1E-05 1.3E-04 0.14 0.085 / 4.76 2.4E-04 1.5E-04 1.1E-04 0.14 3.6E-04 2.03 / 0.73 0.0059 0.06 5.9E-04 3.7E-05 4.2E-04 0.065 8.0E-06 0.080 

Min 1.3E-06 2.5E-05 0.08 0.029 / 0.53 4.6E-05 3.6E-06 5.6E-05 0.09 7.7E-05 1.70 / 0.09 4.0E-04 0.02 3.5E-05 2.3E-05 1.8E-05 0.014 5.8E-07 0.004 

Max 1.1E-04 4.6E-04 0.18 0.213 / 7.65 2.6E-03 6.9E-04 1.8E-03 0.31 4.8E-04 3.40 / 1.12 0.0186 0.58 5.7E-03 0.093 5.7E-03 0.174 3.2E-04 0.136 

BAC seed/soil (30-60) 

M 1.1E-05 1.3E-04 0.14 0.074 / 4.47 7.7E-04 1.5E-04 1.6E-04 0.16 3.3E-04 2.49 / 0.80 0.0062 0.05 4.8E-04 3.9E-

05 

3.1E-04 0.064 9.4E-06 0.085 

Min 1.4E-06 2.0E-05 0.06 0.016 / 0.28 8.2E-05 3.9E-06 5.2E-05 0.07 8.0E-05 1.55 / 0.08 5.0E-04 0.01 3.7E-05 9.7E-

06 

1.0E-05 0.009 3.9E-07 0.004 

Max 1.1E-04 1.0E-03 0.56 0.189 / 8.12 7.8E-03 7.5E-04 0.0016 0.36 1.6E-03 13.6 / 1.30 0.0180 0.69 4.9E-03 0.062 4.4E-03 0.169 5.6E-04 0.149 

BAC pulp/soil (0-30) 

M 1.3E-05 3.2E-05 0.07 0.005 / 0.24 3.7E-05 2.6E-06 4.09E-05 0.02 6.6E-05 1.00 / 0.08 3.0E-04 0.04 1.2E-04 3.3E-04 2.8E-04 0.007 2.7E-05 0.038 

Min 3.6E-06 6.6E-06 0.03 0.002 / 0.06 1.1E-05 1.9E-06 2.7E-05 0.01 2.6E-05 0.65 / 0.05 1.0E-04 0.00 2.0E-05 1.0E-05 8.7E-06 0.002 3.8E-07 0.019 

Max 9.6E-05 1.6E-04 0.11 0.012 / 0.50 1.1E-03 0.0021 0.022 0.59 3.0E-04 1.66 / 0.10 0.0021 0.08 8.4E-04 0.042 1.2E-03 0.019 7.1E-05 0.077 

BAC pulp/soil (30-60) 

M 1.6E-05 2.9E-05 0.06 0.005 / 0.24 1.2E-04 2.6E-06 3.8E-05 0.02 6.1E-05 1.20 / 0.08 2.0E-04 0.04 9.4E-05 2.7E-04 1.8E-04 0.006 1.9E-05 0.038 

Min 3.8E-06 6.1E-06 0.03 0.001 / 0.02 3.5E-05 1.9E-06 2.2E-05 0.01 2.3E-05 0.67 / 0.05 1.0E-04 0.00 1.8E-05 7.0E-06 6.0E-06 0.001 2.59E-

07 

0.018 

Max 1.1E-04 8.6E-04 0.43 0.011 / 0.48 7.3E-03 3.2E-03 0.019 0.66 2.9E-04 6.52 / 0.10 0.0020 0.10 7.4E-04 0.074 7.7E-04 0.022 4.3E-03 0.106 

BAC skin/soil (0-30) 

M 7.6E-06 1.6E-05 0.16 0.014 / 0.41 9.2E-05 4.1E-05 4.1E-05 0.03 1.2E-04 2.23 / 0.12 8.0E-04 0.02 2.8E-04 1.6E-05 2.8E-04 0.018 1.7E-05 0.024 

Min 3.4E-06 1.4E-06 0.01 0.008 / 0.06 1.0E-05 1.0E-06 2.4E-05 0.02 9.3E-05 1.26 / 0.09 3.0E-04 0.00 1.9E-05 9.2E-06 4.4E-06 0.009 3.6E-07 0.014 

Max 1.5E-04 2.4E-04 0.23 0.033 / 0.67 0.075 0.018 6.8E-04 0.12 2.2E-04 2.93 / 0.16 0.0028 0.03 1.2E-03 0.051 0.0070 0.046 1.3E-04 0.045 

BAC skin/soil (30-60) 

M 8.6E-06 1.5E-05 0.17 0.013 / 0.42 2.3E-04 4.3E-05 4.2E-05 0.03 1.2E-04 2.49 / 0.11 0.0008 0.01 2.6E-04 1.3E-05 1.9E-04 0.017 1.1E-05 0.024 

Min 3.6E-06 1.3E-06 0.01 0.005 / 0.03 3.4E-05 1.2E-06 2.1E-05 0.02 8.9E-05 1.35 / 0.08 3.0E-04 0.00 1.5E-05 6.2E-06 2.8E-06 0.003 2.3E-07 0.013 

Max 1.6E-04 2.0E-04 0.74 0.028 / 0.74 0.24 0.016 6.2E-04 0.13 5.8E-04 13.2 / 0.18 0.0021 0.03 1.0E-03 0.030 0.004 0.039 1.4E-03 0.056 

BAC leaf/soil (0-30) 

M 0.0007 0.006 0.46 0.068 1.3E-03 3.48 0.0005 0.0028 0.0015 0.10 0.0026 0.57 0.006 0.32 0.05 0.07 0.0095 0.0110 3.4E-03 0.971 0.0015 0.189 

Min 0.0003 0.002 0.31 0.034 1.1E-04 0.45 0.0001 0.0012 0.0004 0.06 0.0013 0.37 0.002 0.16 0.02 0.01 0.0002 0.0008 9.5E-05 0.380 0.0006 0.116 

Max 0.0014 0.024 1.12 0.131 9.3E-03 5.88 0.0028 0.0090 0.0230 0.14 0.0056 0.86 0.009 0.54 0.17 0.15 0.0562 0.1355 0.15 1.499 0.0035 0.332 

BAC leaf/soil (30-60) 

M 0.0009 0.005 0.48 0.059 1.4E-03 3.96 0.0016 0.0030 0.0015 0.11 0.003 0.65 0.006 0.32 0.05 0.07 0.0080 0.0083 2.7E-03 0.884 0.0011 0.198 

Min 0.0003 0.002 0.26 0.022 9.5E-05 0.29 0.0003 0.0016 0.0002 0.06 0.001 0.34 0.002 0.16 0.02 0.01 0.0001 0.0004 6.0E-05 0.151 0.0004 0.107 

Max 0.0061 0.086 1.68 0.117 9.8E-03 6.63 0.0108 0.0095 0.0201 0.16 0.022 3.40 0.023 0.50 0.22 0.15 0.0471 0.3514 0.10 1.326 0.0833 0.330 
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Table 8.3.7 Calculated RF between the parts of the grapevine exposed to air (the grapevine leaves and grape skin) versus these parts which are not directly exposed to air 

pollution (the grape pulp and seed) (Experiment 2; Milićević et al., 2018a) 

 

 Al As B Ba Be Ca Cd Co Cr Cu Fe K Li Mg Mn Na Ni Pb Sb Sr V Zn 

RF leaf/seed 

Med. 67 33.50 3.17 0.72 / 0.77 2.79 40.41 5.92 0.69 6.34 0.29 / 0.41 7.53 0.94 18.6 71.8 4.47 10.7 151.27 2.29 

Min 4.85 11.7 2.27 0.49 / 0.49 0.07 8.57 0.21 0.23 3.53 0.12 / 0.27 4.95 0.10 0.38 0.12 0.13 5.36 1.98 1.21 

Max 418 712 11.29 1.31 / 1.22 53.3 1324 259 0.99 39.2 0.39 / 3.41 104 3.23 243 755 498 46.7 3925 43.2 

RF leaf/pulp 

Med. 51.61 212 7.82 11.84 / 15.6 8.73 993 35.81 5.59 32.61 0.61 / 3.84 208 1.65 64.3 130 17.44 133 112.51 4.58 

Min 5.12 30.2 3.89 7.55 / 9.02 0.50 0.59 0.02 0.21 12.1 0.24 / 2.21 61.33 0.51 0.86 0.08 0.48 28.6 11.93 3.07 

Max 290 1011 22.25 20.8 / 25.9 193 4207 461 13.8 115 1.09 / 6.11 448 95.21 1387 2428 17023 280 4705 11.1 

RF skin/seed 

Med. 0.76 0.16 1.16 0.17 / 0.09 0.25 0.45 0.41 0.19 0.36 1.06 / 0.14 0.11 0.21 0.57 0.44 0.61 0.23 0.98 0.26 

Min 0.05 0.02 0.00 0.11 / 0.06 0.01 0.01 0.02 0.08 0.26 0.38 / 0.11 0.07 0.00 0.03 0.00 0.02 0.10 0.01 0.15 

Max 112 8.27 1.54 0.32 / 0.15 400 103 6.40 0.87 1.57 1.25 / 1.12 1.85 0.98 17.4 1570 195 1.07 55.7 3.92 

RF skin/pulp 

Med. 0.77 0.83 2.57 2.72 / 1.75 1.21 5.21 1.07 1.83 2.07 2.23 / 1.55 3.18 0.35 4.42 0.85 1.18 2.73 0.72 0.71 

Min 0.07 0.08 0.00 1.41 / 0.87 0.08 0.01 0.001 0.04 0.35 0.78 / 1.06 0.45 0.01 0.02 0.00 0.12 0.50 0.22 0.31 

Max 28.03 17.47 3.81 5.15 / 3.52 2160 6521 15.4 5.75 4.11 3.17 / 2.00 5.26 3.42 45.0 3006 90.6 7.32 325 1.05 
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Table 8.3.8 Non-carcinogenic and carcinogenic risk assessment for workers in the vineyard chronically exposed 

to the potentially toxic elements in the soil (Experiment 2; Milićević et al., 2018a) 

 
Non-carcinogenic risk – HI (Hazardous Index) Carcinogenic risk – R 

Sample HQ(o) HQ(i) HQ(d) HI R(o) R(i) R(d) R 

1 0.28 0.007 0.005 0.29 3.36E-05 8.40E-07 1.02E-06 3.54E-05 

2 0.26 0.007 0.005 0.27 2.94E-05 7.19E-07 9.68E-07 3.11E-05 

3 0.27 0.008 0.005 0.28 3.02E-05 7.53E-07 9.47E-07 3.19E-05 

4 0.27 0.007 0.005 0.28 3.12E-05 7.79E-07 9.57E-07 3.29E-05 

5 0.26 0.006 0.005 0.28 2.82E-05 6.87E-07 9.41E-07 2.98E-05 

6 0.25 0.006 0.005 0.26 2.46E-05 5.70E-07 9.28E-07 2.60E-05 

7 0.27 0.006 0.005 0.29 2.90E-05 7.03E-07 9.81E-07 3.07E-05 

8 0.28 0.007 0.005 0.29 3.63E-05 9.48E-07 9.39E-07 3.82E-05 

9 0.32 0.007 0.005 0.33 4.47E-05 1.22E-06 9.58E-07 4.68E-05 

10 0.27 0.006 0.006 0.28 3.62E-05 8.71E-07 1.23E-06 3.83E-05 

11 0.27 0.007 0.005 0.28 3.22E-05 8.03E-07 9.96E-07 3.40E-05 

12 0.28 0.008 0.005 0.30 3.03E-05 7.51E-07 9.78E-07 3.20E-05 

13 0.27 0.007 0.004 0.28 2.85E-05 7.10E-07 8.87E-07 3.00E-05 

14 0.28 0.007 0.005 0.29 3.16E-05 7.99E-07 9.37E-07 3.34E-05 

15 0.29 0.006 0.004 0.30 4.62E-05 1.32E-06 7.23E-07 4.82E-05 

16 0.28 0.006 0.004 0.29 3.44E-05 9.12E-07 8.38E-07 3.61E-05 

17 0.28 0.008 0.003 0.29 3.13E-05 8.72E-07 6.03E-07 3.27E-05 

18 0.27 0.006 0.004 0.28 3.75E-05 1.01E-06 8.40E-07 3.93E-05 

19 0.27 0.006 0.005 0.28 3.37E-05 8.21E-07 1.11E-06 3.56E-05 

20 0.28 0.006 0.005 0.29 3.60E-05 9.13E-07 1.04E-06 3.79E-05 

21 0.29 0.006 0.005 0.30 4.03E-05 1.05E-06 1.05E-06 4.24E-05 

22 0.26 0.006 0.005 0.28 3.78E-05 9.79E-07 1.00E-06 3.98E-05 

23 0.27 0.006 0.005 0.28 3.26E-05 7.92E-07 1.09E-06 3.45E-05 

24 0.28 0.006 0.005 0.29 3.51E-05 8.83E-07 1.05E-06 3.70E-05 

25 0.29 0.006 0.005 0.30 3.52E-05 8.88E-07 1.04E-06 3.71E-05 

26 0.27 0.006 0.005 0.28 3.56E-05 9.10E-07 1.00E-06 3.76E-05 
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Table 8.3.9 Non-carcinogenic assessment for consumers of grapevine (adults and children) and consumers of 

wine (adults) from the investigated vineyard and carcinogenic risk (R) assessment applying adjustable formula 

for children and adults (Experiment 2; Milićević et al., 2018a) 

 

Consumers 

Sample HI male HI children R adjustable 

1 0.23 0.10 1.03E-05 

2 0.24 0.08 7.13E-06 

3 0.43 0.10 9.27E-06 

4 0.32 0.10 8.24E-06 

5 0.22 0.08 7.99E-06 

6 0.18 0.07 8.42E-06 

7 0.18 0.06 6.69E-06 

8 0.13 0.05 6.53E-06 

9 0.20 0.08 6.93E-06 

10 0.15 0.06 7.39E-06 

11 0.24 0.10 8.55E-06 

12 0.21 0.07 7.53E-06 

13 0.17 0.06 5.90E-06 

14 0.42 0.12 9.11E-06 

15 0.20 0.06 1.37E-05 

16 0.24 0.09 9.92E-06 

17 0.64 0.11 6.44E-06 

18 0.34 0.08 8.07E-06 

19 0.34 0.09 6.44E-06 

20 0.19 0.07 6.71E-06 

21 0.16 0.06 8.05E-06 

22 0.19 0.06 7.99E-06 

white wine 0.22 / 7.05E-07 

red wine 0.21 / 2.881E-06 
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8.4 Appendix 4: Experiment 3 

Table 8.4.1 Descriptive statistics of physicochemical parameters: pH−acidity (-), SOM−soil organic 

matter (%), CEC−cation exchange capacity (cmol kg-1), N (%), C (%) and H (%) (Experiment 3; 

Milićević et al., 2018b) 

 
0–30 cm and 30–60 cm April May June July August 

pH 

(H2O) 

M 7.51 7.86 7.51 7.57 7.29 

SD 0.38 0.32 0.33 0.74 0.76 

Range 7.06–7.88 7.70–8.43 7.28–7.74 6.54–8.57 7.06–7.88 

C 6.57 

SD 0.16 

pH 

(1 M KCl) 

M 6.46 6.85 6.29 6.08 6.42 

SD 0.24 0.38 0.33 0.81 0.87 

Range 6.33–6.92 6.56–7.47 6.06–6.52 5.15–7.31 6.33–6.92 

C 5.09 

SD 0.15 

pH 

(0.1 M CaCl2) 

M 6.73 7.27 6.74 6.68 6.91 

SD 0.21 0.33 0.43 0.77 0.83 

Range 6.53–7.06 6.98–7.77 6.43–7.04 5.60–7.71 6.53–7.06 

C 5.57 

SD 0.12 

SOM 

(%) 

M 0.81 0.96 0.89 0.96 0.79 

SD 0.08 0.13 0.27 0.12 0.17 

Range 0.76–0.81 0.72–1.03 0.70–1.09 0.81–2.06 0.48–0.96 

C 0.92 

SD 0.09 

CEC 

(cmol kg
-1

) 

M 28.45 27.89 28.02 27.64 26.58 

SD 3.10 2.02 3.76 2.29 2.88 

Range 22.03–30.34 24.03–28.35 22.13–32.20 23.92–29.34 22.72–31.34 

C 22.06 

SD 2.63 

N 

(%) 

M 0.13 0.16 0.16 0.14 0.14 

SD 0.02 0.03 0.02 0.01 0.03 

Range 0.11–0.16 0.10–0.16 0.14–0.21 0.13–0.15 0.08–0.16 

C 0.16 

SD 0.04 

C 

(%) 

M 1.68 1.57 1.71 1.37 1.61 

SD 0.22 0.50 0.27 0.09 1.04 

Range 1.36–1.87 1.04–2.25 0.52–1.98 1.29–1.49 1.06–4.09 

C 1.65 

SD 0.41 

H 

(%) 

M 0.80 0.77 0.80 0.81 0.77 

SD 0.04 0.07 0.05 0.03 0.11 

Range 0.79–0.89 0.74–0.89 0.62–0.98 0.78–0.85 0.53–0.84 

C 0.74 

SD 0.05 
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Table 8.4.2 Descriptive statistics of pseudo-total element concentrations (mg kg-1) in soil (n=182) through the grapevine season (Experiment 3; Milićević et al., 2018b) 
 Al As B Ba Be Ca Cd Co Cr Cu Fe K Mg Mn Na Ni P Pb S Sb Sr V Zn 

April (0-30 cm) 

M 66429 13.2 40.5 227 1.87 7933 2.14 24.7 138.7 45.1 41517 10691 8746 1181 685 111.5 317 16.8 58.7 2.8 38.5 61.4 84.1 

Min 56451 10.6 30.8 187 1.67 5013 2.00 19.7 89.3 36.1 37535 9273 7158 885 624 61.2 243 13.2 17.5 2.4 31.3 54.4 68.7 

Max 75969 15.2 59.9 251 2.11 47888 3.10 33.0 264.8 117.8 58350 11991 11670 1625 875 188.4 480 27.1 92.0 4.5 87.6 71.0 179.1 

April (30-60 cm) 

M 65071 17.2 24.1 294 1.73 7293 0.28 23.5 164.9 47.2 43082 9198 9207 1041 595 141.5 328 36.0 122.1 5.7 93.5 115.2 82.3 

Min 52445 11.9 13.7 202 1.33 5193 0.20 18.9 95.0 37.2 39115 8078 7277 750 496 82.8 190 23.9 60.4 4.1 60.8 96.3 73.2 

Max 75762 19.1 61.3 335 1.99 83337 0.37 28.9 223.8 111.6 48020 10284 12042 1470 670 223.7 539 49.7 539.2 6.7 133.3 124.1 85.7 

May (0-30 cm) 

M 67933 13.8 41.7 237 1.91 7654 2.21 26.2 132.9 44.4 42023 10351 8724 1090 675 110.0 380 20.1 96.8 3.1 40.7 63.9 85.8 

Min 54581 9.9 30.1 189 1.60 4764 1.94 19.4 118.5 36.7 38752 8563 7176 899 536 61.1 258 13.2 73.0 2.2 22.7 53.7 76.2 

Max 137629 28.3 77.0 515 4.15 43391 4.43 50.6 284.1 123.8 85368 20743 16245 2619 1522 212.7 813 36.3 266.3 6.2 85.5 131.9 182.4 

May (30-60 cm) 

M 66044 16.5 21.0 306 1.80 6835 0.27 24.0 160.0 48.8 43194 9254 8816 1106 691 132.4 361 35.8 108.9 5.1 62.5 109.8 79.9 

Min 44414 11.6 15.8 160 1.13 4420 0.18 15.9 98.8 39.5 34007 6654 6942 808 430 69.0 244 19.6 75.4 4.5 86.8 83.8 65.8 

Max 75431 20.5 77.0 348 2.19 118262 0.45 28.9 523.0 87.1 47903 10929 11154 1597 866 277.2 494 45.0 751.0 8.3 43.6 126.0 90.7 

June (0-30 cm) 

M 66812 14.3 37.8 250 1.95 7492 2.18 25.2 140.5 41.7 42516 10393 8432 1170 687 106.1 332 18.6 104.4 3.0 43.7 62.8 79.9 

Min 57661 13.4 34.2 196 1.73 5437 2.14 22.4 123.3 39.2 40651 9723 7702 871 592 63.1 306 13.1 60.4 2.7 36.2 57.1 74.0 

Max 73511 16.6 50.3 265 2.10 51011 2.35 29.3 180.8 72.6 45122 11797 9644 1477 773 188.1 486 29.8 126.7 3.8 86.6 67.6 86.0 

June (30-60 cm) 

M 61786 16.8 17.8 291 1.80 6931 0.34 22.3 144.6 43.6 42292 8434 7872 1163 724 128.7 361 35.7 124.2 5.0 87.2 111.1 79.7 

Min 30793 10.0 14.5 124 0.87 5003 0.24 15.6 94.4 28.2 29682 5542 6962 776 592 88.3 235 10.8 80.2 3.8 70.1 49.4 45.5 

Max 70495 20.5 31.6 328 1.98 189642 0.39 23.9 172.6 99.6 46426 10863 10380 1503 802 169.2 515 53.5 1060 6.7 130.3 119.7 104.8 

July (0-30 cm) 

M 67305 13.4 37.2 241 1.91 7098 2.18 25.3 124.4 43.9 42813 12104 8925 1104 675 106.5 362 17.7 102.4 3.1 40.8 63.2 81.0 

Min 55298 9.8 29.8 188 1.62 5093 1.92 20.2 96.6 37.1 39704 10255 7174 875 492 61.6 232 10.7 59.2 2.4 27.8 53.6 68.7 

Max 78817 16.5 64.5 370 2.10 65679 2.42 31.4 200.5 138.6 48140 9263 12553 3261 844 197.8 487 25.7 124.2 3.9 94.5 69.7 92.4 

July (30-60 cm) 

M 70186 15.6 38.0 303 2.63 7127 1.19 22.9 149.3 40.7 44353 9629 9022 991 802 129.6 324 27.1 53.8 1.2 52.8 61.9 87.6 

Min 44538 10.4 17.9 188 1.84 5278 0.26 16.5 39.9 32.1 37807 7508 7501 701 573 69.4 22 18.1 10.7 0.3 31.7 38.5 63.4 

Max 81124 19.0 52.9 345 3.10 113533 2.07 177.1 219.4 112.0 46864 11142 13023 1488 1005 373.6 464 59.9 141.1 38.2 173.0 180.6 98.2 

August (0-30 cm) 

M 71509 13.7 41.6 262 2.00 8298 3.91 25.9 137.8 43.2 42299 11402 9006 1084 756 106.2 336 16.7 91.2 3.2 42.6 66.8 82.2 

Min 60784 8.6 33.7 215 1.70 5342 3.56 21.3 93.9 38.1 40138 10304 7731 904 701 62.0 241 13.0 52.5 2.6 28.5 57.4 71.5 

Max 81568 17.6 59.8 284 2.41 48874 4.40 33.6 221.0 82.9 47782 13109 12152 1681 866 199.3 553 27.7 145.7 4.2 93.2 71.7 101.1 

August (30-60 cm) 

M 68017 15.5 39.8 298 2.18 7281 1.25 25.6 145.3 38.2 43092 9421 8833 1106 766 130.3 333 23.8 71.4 4.8 48.2 96.6 82.9 

Min 8536 1.2 11.0 129 0.16 4764 0.44 17.4 34.4 26.9 10236 1634 6390 767 395 32.6 47 11.5 21.9 1.6 36.4 0.9 55.8 

Max 81384 19.0 96.3 424 2.84 96473 1.39 31.2 256.8 90.2 52079 12646 12629 1755 1000 298.1 536 54.4 142.1 6.9 147.7 107.7 131.2 

Local back ground (C) 

Mean 69453 14.47 27.4 315 1.97 5796 0.24 19 70 46.6 42692 10040 8538 1013 685 56.9 347.3 30.6 87.3 4.6 46.5 105 83.1 

SD 3806 1.43 9.0 30 0.12 211 0.03 4.0 19 6.4 878 1336 307 95 92 2.3 1.3 2.6 1.1 1 3.1 13 2 

RSD % 5.5 9.9 32.0 9.4 5.9 3.6 9.4 20.5 27.0 14.0 2.1 13.3 3.6 9.4 13.5 3.9 0.4 8.4 1.2 21.7 6.5 12.1 2.4 

MAC  25 50    3  100 100      50  100      
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Table 8.4.3 Descriptive statistics of element concentrations (mg kg-1) (Median–M, Minimum–Min and Maximum–Max) extracted from the topsoil and the subsoil 

samples by deionised H2O during 2 h extraction (Experiment 3; Milićević et al., 2018b) 

 
Al As B Ba Be Ca Cd Co Cr Cu Fe K Mg Mn Na Ni P Pb S Sb Sr V Zn 

April 0-30 cm 
M 9.0 <DL 0.51 0.66 0.0037 137 0.0007 0.0068 0.02 0.30 2.67 5.99 15.0 0.35 11.7 0.042 1.04 0.034 10.0 <DL 0.249 0.009 0.68 

Min 2.5 / 0.08 0.26 0.0008 97 0.0004 0.0001 0.005 0.03 0.57 3.12 3.5 0.12 7.9 0.012 0.57 0.010 2.7 / 0.119 0.007 0.07 
Max 24.9 / 4.75 2.14 0.0101 412 0.0015 0.0242 0.07 1.48 7.64 11.44 64.6 1.75 46.3 0.194 2.21 0.086 20.2 / 4.689 0.025 2.49 

April 30-60 cm 
M 10.7 <DL 0.59 0.93 0.0037 162 0.0008 0.0050 0.01 0.64 1.53 3.91 12.1 0.45 17.1 0.038 0.70 0.055 10.7 <DL 0.286 0.010 0.44 

Min 3.5 / 0.11 0.28 0.0018 68 0.0004 0.0006 0.004 0.22 0.52 2.18 3.7 0.10 8.6 0.005 0.37 0.014 4.0 / 0.137 0.007 0.12 

Max 41.0 / 14.17 2.45 0.0117 380 0.0014 0.0337 0.03 8.30 10.76 7.45 39.2 1.23 54.3 0.224 1.65 0.355 18.0 / 2.653 0.075 1.86 

Maj 0-30 cm 

M 8.6 <DL 0.11 0.51 0.0034 127 0.0009 0.0095 0.01 0.70 2.03 4.94 11.3 0.34 6.0 0.085 1.24 0.028 25.2 <DL 0.113 0.017 1.20 
Min 0.4 / 0.10 0.05 0.0032 42 0.0008 0.0088 0.003 0.08 0.25 2.11 4.1 0.04 3.0 0.035 0.04 0.017 3.4 / 0.055 0.016 0.08 

Max 37.6 / 14.47 1.58 0.0065 226 0.0017 0.0337 0.30 1.38 13.94 14.54 25.3 1.80 17.9 0.230 5.54 0.086 38.0 / 0.456 0.035 4.81 

May 30-60 cm 
M 8.9 <DL 0.19 0.68 0.0035 45 0.0009 0.0095 0.01 0.78 1.86 2.06 11.6 0.39 6.3 0.085 0.63 0.035 27.9 <DL 0.096 0.018 1.16 

Min 1.2 / 0.10 0.04 0.0032 200 0.0008 0.0086 0.00 0.12 0.54 0.87 3.4 0.04 3.7 0.015 0.04 0.017 4.8 / 0.058 0.016 0.07 
Max 71.9 / 29.02 1.46 0.0035 225 0.0009 0.0236 0.41 1.13 32.85 6.58 19.3 1.33 35.9 0.197 2.89 0.092 40.3 / 0.318 0.036 5.30 

                        June 0-30 cm. 

M 27.8 <DL 0.01 0.49 0.0024 82 0.0100 0.0092 0.05 0.67 11.27 4.88 11.4 0.36 5.7 0.110 0.91 0.029 10.2 <DL 0.083 0.036 0.45 
Min 14.3 / 0.00 0.09 0.0024 52 0.0044 0.0007 0.02 0.33 3.53 3.00 4.3 0.19 3.6 0.047 0.63 0.007 3.3 / 0.053 0.016 0.003 

Max 52.7 / 0.24 1.09 0.0024 178 0.0235 0.0149 0.12 0.93 25.05 18.37 19.4 1.18 13.1 0.210 1.80 0.051 18.9 / 0.175 0.063 1.02 

June 30-60 cm 
M 32.8 <DL 0.00 0.62 0.0024 83 0.0092 0.0076 0.07 0.75 12.55 5.51 11.1 0.55 7.6 0.148 0.62 0.039 12.3 <DL 0.078 0.035 0.94 

Min 13.0 / 0.00 0.15 0.0023 40 0.0036 0.0016 0.02 0.30 3.77 0.03 4.7 0.22 4.6 0.050 0.40 0.017 5.6 / 0.038 0.016 0.16 
Max 93.5 / 0.18 1.35 0.0024 589 0.0195 0.0175 0.18 4.79 42.32 12.88 22.8 1.20 12.2 0.451 1.61 0.105 21.8 / 1.007 0.098 4.64 

July 0-30 cm 
M 10.0 <DL 0.41 0.54 0.0023 78 0.0096 0.0064 0.02 0.53 3.49 6.32 10.3 0.42 4.8 0.100 1.03 0.041 9.7 <DL 0.074 0.022 0.13 

Min 4.8 / 0.10 0.11 0.0003 35 0.0022 0.0005 0.01 0.36 1.52 2.25 4.0 0.06 2.0 0.032 0.45 0.010 5.4 / 0.031 0.006 0.003 

Max 44.9 / 1.92 1.07 0.0024 150 0.0165 0.0142 0.12 1.10 20.26 9.82 15.5 1.05 18.6 0.231 2.15 0.307 17.2 / 0.114 0.059 2.23 

                         July 30-60 cm 

M 18.1 <DL 0.41 1.40 0.0024 58 0.0059 0.0059 0.04 0.78 6.98 3.61 8.1 0.19 7.3 0.084 0.38 0.023 14.2 <DL 0.063 0.026 0.24 
Min 6.0 / 0.14 0.27 0.0023 15 0.0011 0.0011 0.01 0.34 2.31 0.69 3.4 0.12 2.4 0.012 0.05 0.001 8.7 / 0.016 0.004 0.003 
Max 46.7 / 0.98 3.65 0.0024 196 0.0126 0.0126 0.11 1.34 20.52 5.95 14.5 0.82 47.6 0.840 1.08 0.175 27.1 / 0.113 0.056 3.89 

August 0-30 cm 
M 11.1 <DL 0.01 0.62 0.0038 139 0.0011 0.0065 0.02 0.63 3.17 5.44 11.9 0.30 6.9 0.053 1.10 0.042 9.3 <DL 0.251 0.016 0.37 

Min 1.2 / 0.00 0.29 0.0017 44 0.0007 0.0011 0.003 0.11 0.53 1.38 5.6 0.12 4.1 0.014 0.32 0.004 4.1 / 0.118 0.007 0.00 
Max 110.8 / 1.04 2.49 0.0110 256 0.0098 0.0217 0.33 1.23 72.76 15.04 31.9 0.71 21.9 0.429 2.98 1.355 15.0 / 0.517 0.134 2.12 

August 30-60 cm 
M 19.4 <DL 0.01 0.96 0.0053 132 0.0015 0.0098 0.03 0.62 4.92 3.68 13.4 0.32 8.5 0.068 0.62 0.075 10.0 <DL 0.266 0.018 0.86 

Min 5.2 / 0.00 0.26 0.0017 49 0.0007 0.0023 0.02 0.32 1.33 1.30 4.1 0.18 4.4 0.027 0.19 0.004 5.8 / 0.087 0.006 0.23 

Max 65.3 / 20.73 3.24 0.0152 248 0.0080 0.0239 0.22 3.83 39.01 9.25 24.9 1.19 69.3 1.293 1.91 0.544 17.7 / 0.391 0.079 6.84 

 

 



Appendix, Appendix 4, Experiment 3 

214 
 

Table 8.4.4 Descriptive statistics of element concentrations (mg kg-1) (Median–M, Minimum–Min and Maximum–Max) extracted from the topsoil and the subsoil 

samples by deionised H2O during 16 h extraction (Experiment 3; Milićević et al., 2018b) 

 

Al As B Ba Be Ca Cd Co Cr Cu Fe K Mg Mn Na Ni P Pb S Sb Sr V Zn 

April0-30 cm 

M 8.5 <DL 0.43 0.79 0.0041 193 0.002 0.005 0.009 0.44 2.11 7.1 18.7 0.67 31.7 0.06 0.82 0.024 11.3 <DL 0.310 0.014 0.26 

Min 1.8 / 0.18 0.16 0.00027 112 0.001 0.003 0.004 0.19 0.53 4.3 5.5 0.09 19.6 0.01 0.37 0.002 6.7 / 0.212 0.001 0.07 

Max 60.4 / 6.48 3.09 0.01218 288 0.005 0.015 0.184 2.42 48.89 15.5 35.1 3.46 90.2 0.24 2.57 0.093 17.8 / 0.484 0.114 0.92 

April 30-60 cm 

M 12.6 <DL 0.53 1.04 0.00531 189 0.002 0.003 0.012 0.48 2.35 4.8 15.1 0.80 32.4 0.07 0.59 0.020 12.0 <DL 0.287 0.017 0.30 

Min 3.0 / 0.18 0.25 0.00073 81 0.001 0.003 0.002 0.22 0.73 2.9 5.7 0.13 25.3 0.01 0.16 0.010 3.8 / 0.192 0.001 0.00 

Max 60.7 / 12.28 3.53 0.01601 241 0.004 0.016 0.144 5.03 38.71 14.6 31.7 2.23 164.3 0.22 1.27 0.108 23.1 / 0.438 0.079 0.78 

Maj 0-30 cm 

M 8.7 <DL 0.39 0.50 0.00339 150 0.001 0.011 0.015 0.35 1.40 5.6 14.8 0.34 5.6 0.07 0.87 0.048 3.5 <DL 0.190 0.017 0.63 

Min 1.0 / 0.10 0.04 0.00328 23 0.001 0.006 0.003 0.01 0.09 0.8 2.3 0.01 2.2 0.02 0.06 0.018 0.1 / 0.002 0.015 0.10 

Max 34.3 / 17.10 3.23 0.00724 252 0.002 0.270 0.358 1.23 13.68 21.1 38.8 2.25 14.3 0.28 3.68 0.096 25.1 / 0.429 0.036 1.61 

May 30-60 cm 

M 10.1 <DL 0.42 0.71 0.0034 144 0.001 0.011 0.020 0.29 2.72 2.3 15.5 0.38 6.2 0.07 0.30 0.028 2.9 <DL 0.155 0.017 0.58 

Min 1.1 / 0.10 0.02 0.00325 20 0.001 0.009 0.003 0.00 0.17 0.5 2.5 0.01 1.9 0.00 0.02 0.015 0.2 / 0.008 0.016 0.07 

Max 65.9 / 7.65 4.35 0.00844 219 0.003 0.064 0.474 1.22 9.37 13.9 37.9 3.23 35.9 0.27 3.09 0.148 24.7 / 0.438 0.047 1.83 

June 0-30 cm 

M 13.1 <DL 0.08 0.76 0.00237 56 0.050 0.400 0.024 0.75 5.25 4.6 14.7 0.53 3.4 0.22 0.42 0.033 14.1 <DL 0.112 0.029 0.89 

Min 8.0 / 0.02 0.05 0.00158 3.8 0.004 0.332 0.005 0.61 1.27 3.0 6.1 0.06 1.9 0.02 0.14 0.014 9.8 / 0.083 0.015 0.51 

Max 34.7 / 0.64 1.36 0.0024 107 0.051 0.711 0.033 1.37 6.75 10.3 20.3 1.01 8.7 0.57 0.94 0.110 21.1 / 0.156 0.049 1.56 

June 30-60 cm 

M 14.7 <DL 0.14 0.62 0.00236 36 0.050 0.518 0.021 0.99 4.53 3.3 11.2 0.43 3.9 0.19 0.28 0.054 13.6 <DL 0.102 0.030 0.89 

Min 5.0 / 0.01 0.08 0.00169 2.6 0.004 0.255 0.005 0.51 0.98 2.2 5.3 0.11 2.1 0.01 0.10 0.020 7.9 / 0.058 0.009 0.00 

Max 55.0 / 0.34 1.55 0.00241 311 0.051 4.235 0.064 8.42 15.56 5.5 22.0 1.27 7.5 0.86 0.67 0.148 18.1 / 0.502 0.051 3.07 

July 0-30 cm 

M 21.5 <DL 0.40 0.81 0.00699 85 0.011 0.462 0.033 0.91 7.35 6.4 16.8 0.59 3.1 0.21 0.85 0.097 14.6 <DL 0,185 0.023 0.54 

Min 5.6 / 0.19 0.11 0.0023 10 0.003 0.330 0.017 0.65 3.65 2.3 6.9 0.04 0.6 0.01 0.36 0.042 9.8 / 0,084 0.006 0.08 

Max 54.7 / 0.65 1.85 0.01339 235 0.019 1.918 0.063 2.76 15.03 10.1 24.5 1.63 18.4 0.80 2.11 0.234 24.4 / 0,481 0.049 1.99 

July 30-60 cm 

M 22.8 <DL 0.28 0.93 0.00918 88 0.008 0.425 0.036 0.84 8.03 4.3 18.0 0.40 3.6 0.13 0.44 0.096 12.0 <DL 0.181 0.030 0.64 

Min 8.1 / 0.07 0.09 0.00384 28 0.003 0.232 0.018 0.46 4.02 2.0 6.7 0.07 0.6 0.02 0.14 0.020 7.5 / 0.090 0.012 0.03 

Max 61.5 / 1.01 3.00 0.01445 269 0.030 9.276 0.070 18.54 15.59 8.5 34.0 2.24 60.6 0.73 2.06 1.631 19.5 / 0.391 0.060 2.52 

August 0-30 cm 

M 10.3 <DL 0.01 0.27 0.00027 42 0.001 0.027 0.038 0.44 3.78 3.4 19.3 0.26 2.8 0.10 0.40 0.065 9.0 <DL 0.138 0.004 0.16 

Min 1.2 / 0.01 0.08 0.00026 7 0.001 0.003 0.013 0.06 1.33 0.5 6.5 0.03 1.9 0.01 0.02 0.012 3.4 / 0.051 0.004 0.00 

Max 46.1 / 3.61 1.80 0.0078 196 0.003 0.074 0.272 1.13 43.48 9.5 43.7 0.71 35.6 5.14 1.46 0.189 13.0 / 0.381 0.043 1.27 

August 30-60 cm 

M 12.6 <DL 0.06 0.45 0.00027 36 0.001 0.026 0.054 0.48 8.18 2.0 12.4 0.22 3.1 0.09 0.18 0.067 7.6 <DL 0.108 0.004 0.13 

Min 1.0 / 0.00 0.07 0.00026 6 0.000 0.003 0.004 0.14 0.78 0.2 5.6 0.06 2.0 0.01 0.01 0.001 1.6 / 0.043 0.004 0.00 

Max 49.4 / 10.36 2.76 0.00261 61 0.005 0.070 0.224 3.05 38.02 12.9 44.4 1.30 41.2 1.03 0.89 0.183 16.2 / 0.263 0.044 1.83 
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Table 8.4.5 Descriptive statistics of element concentrations (mg kg-1) (Median–M, Minimum–Min and Maximum–Max) extracted from the topsoil and the subsoil 

samples by 0.01 CaCl2 during 3 h extraction (Experiment 3; Milićević et al., 2018b) 

 
Al As B Ba Be Cd Co Cr Cu Fe K Mg Mn Na Ni P Pb S Sb Sr V Zn 

April0-30 cm 

M 1.61 <DL 0.21 1.95 0.0008 0.0020 0.0050 0.0051 0.176 1.50 32.3 224 1.72 9.5 0.043 0.36 <DL 1.61 <DL 2.96 0.008 0.138 

Min 1.07 / 0.01 0.84 0.0002 0.0011 0.0011 0.0036 0.034 1.11 17.8 56 0.19 6.2 0.003 0.14 / 1.07 / 2.14 0.004 0.002 

Max 3.79 / 6.38 4.75 0.0024 0.0112 0.1026 0.0138 1.093 2.57 47.0 365 27.32 53.7 0.751 0.59 / 3.79 / 3.95 0.014 0.466 

April 30-60 cm 

M 1.46 <DL 0.82 2.22 0.0007 0.0022 0.0056 0.0071 0.105 1.67 17.5 256 2.24 14.1 0.072 0.24 <DL 1.46 <DL 3.23 0.006 0.070 

Min 0.93 / 0.08 0.77 0.0002 0.0011 0.0009 0.0009 0.006 0.91 10.2 44 0.09 9.6 0.003 0.09 / 0.93 / 1.73 0.003 0.002 

Max 4.01 / 18.05 4.30 0.0022 0.0127 0.0782 0.0677 0.501 14.90 45.1 356 29.62 95.6 0.835 0.66 / 4.01 / 3.96 0.015 0.759 

Maj 0-30 cm 

M 4.27 <DL 0.31 1.15 0.0010 0.0009 0.0050 0.0094 0.022 2.50 26.1 156 2.51 7.1 0.059 0.27 <DL 4.55 <DL 1.99 0.005 0.192 

Min 0.62 / 0.02 0.55 0.0000 0.0005 0.0008 0.0014 0.006 0.30 11.3 47 0.03 2.1 0.000 0.10 / 1.75 / 0.82 0.000 0.001 

Max 5.99 / 16.06 3.53 0.0030 0.0075 0.1442 0.4113 0.261 3.61 65.3 405 26.17 27.9 11.691 1.95 / 12.32 / 3.75 0.023 16.883 

May 30-60 cm 

M 3.32 <DL 0.43 1.14 0.0010 0.0009 0.0054 0.0085 0.008 1.91 11.5 164 3.29 10.1 0.114 0.12 <DL 4.42 <DL 1.85 0.005 0.012 

Min 1.83 / 0.01 0.48 0.0001 0.0006 0.0001 0.0023 0.006 0.86 3.5 38 0.00 2.8 0.004 0.01 / 1.26 / 0.81 0.000 0.001 

Max 6.89 / 30.95 2.91 0.0028 0.0133 0.1100 0.4076 0.686 5.47 28.4 254 21.75 88.9 2.383 0.67 / 7.86 / 2.57 0.012 4.157 

June 0-30 cm. 

M 8.29 <DL 0.63 1.94 0.0008 0.0011 0.0064 0.0210 0.042 4.11 27.3 222 2.49 14.9 0.104 0.44 <DL 4.07 <DL 0.00 0.010 0.119 

Min 4.28 / 0.01 0.84 0.0001 0.0009 0.0005 0.0048 0.006 2.17 11.9 71 0.10 8.9 0.011 0.14 / 1.62 / 0.00 0.002 0.002 

Max 10.86 / 2.37 4.30 0.0040 0.0125 0.1112 0.0542 13.682 5.23 52.6 373 26.41 22.7 0.864 0.98 / 8.91 / 0.00 0.022 0.960 

June 30-60 cm 

M 8.32 <DL 0.82 1.62 0.0008 0.0010 0.0063 0.0174 0.006 4.10 14.6 223 1.37 18.6 0.058 0.39 <DL 2.64 <DL 0.00 0.009 0.099 

Min 2.30 / 0.08 0.65 0.0003 0.0009 0.0017 0.0042 0.006 1.44 7.9 42 0.18 6.9 0.017 0.12 / 0.18 / 0.00 0.002 0.002 

Max 11.27 / 1.19 5.11 0.0034 0.0180 0.1120 0.0312 3.404 5.92 30.3 385 45.62 35.4 1.148 0.42 / 4.82 / 0.16 0.016 0.279 

July 0-30 cm 

M 8.11 <DL 0.01 2.12 0.0008 0.0010 0.0062 0.0147 0.183 3.16 30.6 235 3.75 18.3 0.186 0.56 <DL 3.61 <DL 0.18 0.008 0.674 

Min 5.88 / 0.01 0.81 0.0000 0.0003 0.0023 0.0079 0.006 2.33 14.7 55 0.32 -0.1 0.008 0.95 / 2.38 / 0.00 0.002 0.002 

Max 11.98 / 11.22 4.90 0.0042 0.0285 0.0991 0.0311 770.117 5.14 45.8 352 34.26 64.8 0.895 2.87 / 7.08 / 0.99 0.015 1.996 

July 30-60 cm 

M 9.23 <DL 0.01 2.61 0.0008 0.0009 0.0058 0.0188 0.154 3.50 19.5 269 1.92 26.9 0.124 0.37 <DL 3.71 <DL 0.04 0.008 0.548 

Min 5.39 / 0.01 0.67 0.0001 0.0002 0.0003 0.0034 0.006 2.74 10.2 55 0.24 3.3 0.005 0.18 / 1.68 / 0.00 0.000 0.120 

Max 12.52 / 0.62 5.05 0.0047 0.0141 0.1162 0.0484 6.760 48.14 33.1 368 24.08 142.9 1.170 0.87 / 7.86 / 1.51 0.016 1.472 

August 0-30 cm 

M 1.73 <DL 0.01 1.80 0.0010 0.0031 0.0022 0.0059 0.130 1.58 29.4 0 194.32 0.6 9.322 0.04 0.271494 1.73 <DL 2.93 0.006 0.002 

Min 0.80 / 0.01 0.77 0.0002 0.0011 0.0009 0.0007 0.005 0.74 9.1 0 59.36 0.0 3.922 0.00 0.051933 0.80 / 1.25 0.003 0.002 

Max 3.19 / 4.68 4.26 0.0025 0.0123 0.0335 0.0110 3.042 2.46 46.9 0 336.86 12.8 36.391 0.96 0.79131 3.19 / 3.89 0.013 0.150 

August 30-60 cm 

M 1.88 <DL 0.01 1.72 0.0007 0.0028 0.0030 0.0053 0.051 1.55 17.5 0 234.36 0.3 13.405 0.03 0.138636 1.88 <DL 2.98 0.006 0.002 

Min 0.98 / 0.01 0.77 0.0002 0.0011 0.0009 0.0007 0.001 0.86 6.8 0 44.22 0.0 5.633 0.00 0.06977 0.98 / 1.43 0.003 0.002 

Max 4.72 / 24.68 5.49 0.0078 0.0205 0.1136 0.0856 0.295 4.08 46.6 0 356.84 26.1 41.01 1.61 0.438309 4.72 / 4.11 0.011 0.643 
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Table 8.4.6 Descriptive statistics of element concentrations (mg kg-1) (Median–M, Minimum–Min and Maximum–Max) extracted from the topsoil and the subsoil 

samples by 0.1 mol L-1 NH4NO3 during 2 h extraction (Experiment 3; Milićević et al., 2018b) 

 
Al As B Ba Be Ca Cd Co Cr Cu Fe K Mg Mn Na Ni P Pb S Sb Sr V Zn 

April0-30 cm 

M 2.08 <DL 0.0031 36.0 0.0008 3234 <DL 0.0023 0.006 0.027 1.85 134 310 3.15 9.2 0.063 0.096 <DL 0.921 <DL 6.79 0.006 0.026 

Min 0.79 / 0.0030 23.9 0.0002 2229 / 0.0004 0.003 0.007 0.86 86 78 0.52 6.3 0.010 0.021 / 0.452 / 5.28 0.001 0.001 

Max 6.47 / 1.1099 57.0 0.0157 3765 / 0.1342 0.017 0.274 4.94 174 498 41.37 47.8 1.293 0.147 / 2.401 / 8.80 0.017 0.538 

April 30-60 cm 

M 3.17 <DL 0.0222 36.9 0.0012 3207 <DL 0.0041 0.008 0.025 1.92 99 346 4.02 11.9 0.076 0.052 <DL 0.947 <DL 6.72 0.008 0.024 

Min 0.47 / 0.0031 24.3 0.0002 2109 / 0.0009 0.002 0.002 0.79 71 63 0.19 8.3 0.007 0.021 / 0.368 / 4.96 0.001 0.001 

Max 7.53 / 5.9736 58.8 0.0114 3920 / 0.1023 0.024 0.126 6.05 158 535 47.44 79.6 1.471 0.271 / 2.217 / 8.18 0.018 0.376 

Maj 0-30 cm 

M 4.26 <DL 0.8745 25.9 0.0020 1739 <DL 0.0098 0.016 0.037 1.88 18 77 2.96 9.0 0.117 0.047 0.0212 1.141 <DL 3.17 0.089 0.243 

Min 2.74 0 0.0336 8.4 0.0001 1160 / 0.0021 0.008 0.003 0.53 4 16 0.02 5.0 0.018 0.044 0.0004 0.003 / 1.47 0.024 0.002 

Max 8.03 0 11.0044 41.7 0.0021 2320 / 0.1971 0.218 46.951 5.94 36 141 25.20 30.6 2.346 0.225 0.0549 3.977 / 5.18 0.200 1.949 

May 30-60 cm 

M 4.16 <DL 0.7074 25.7 0.0020 1729 <DL 0.0097 0.019 0.038 2.04 32 68 2.28 7.7 0.164 0.046 0.0216 1.497 <DL 3.16 0.088 0.260 

Min 2.75 0 0.0017 8.1 0.0019 1112 / 0.0003 0.009 0.007 0.75 12 19 0.09 4.6 0.017 0.004 0.0024 0.003 / 1.47 0.000 0.002 

Max 9.59 0 4.7722 54.1 0.0039 2980 / 0.2765 0.214 0.829 6.75 64 155 30.60 21.0 1.741 0.949 0.0428 6.378 / 5.52 0.177 2.311 

June 0-30 cm. 

M 2.27 0.016566 0.0067 24.2 0.0198 28459 <DL 0.0067 0.007 0.005 0.83 82 146 1.82 15.2 0.110 0.043 0.0141 0.081 <DL 7.44 0.123 0.215 

Min 1.89 0.016377 0.0066 12.2 0.0091 14955 / 0.0049 0.003 0.004 0.39 49 20 0.05 8.5 0.008 0.043 0.0115 0.080 / 4.81 0.063 0.001 

Max 4.94 0.016734 0.0068 32.8 0.0239 35567 / 0.1022 0.017 1.098 3.62 133 222 20.59 23.0 0.929 0.044 0.0142 0.082 / 10.72 0.647 0.865 

June 30-60 cm 

M 1.84 0.016442 0.0067 23.2 0.0244 28512 <DL 0.0062 0.005 0.004 0.53 56 122 0.83 16.2 0.052 0.043 0.0140 0.080 <DL 6.30 0.097 0.048 

Min 1.51 0.015961 0.0065 6.3 0.0148 18480 / 0.0048 0.003 0.001 0.19 18 8 0.08 9.2 0.005 0.042 0.0136 0.078 / 1.51 0.061 0.001 

Max 3.04 0.01666 0.0068 30.1 0.0298 40857 / 0.1323 0.010 0.250 0.97 85 205 42.93 25.5 1.560 0.043 0.0142 0.081 / 9.45 1.179 0.959 

July 0-30 cm 

M 2.04 0.016388 0.0067 18.4 0.0221 27148 <DL 0.0053 0.005 0.026 0.59 92 101 2.22 14.1 0.124 0.043 0.0139 0.080 <DL 7.45 0.136 0.134 

Min 1.57 0.016054 0.0065 13.1 0.0117 19271 / 0.0048 0.003 0.004 0.18 52 21 0.14 10.0 0.006 0.042 0.0136 0.078 / 3.85 0.062 0.001 

Max 3.85 0.016606 0.0067 32.9 0.0287 37025 / 0.1534 0.015 0.476 1.37 129 232 39.27 20.9 1.294 0.043 0.0141 0.081 / 10.07 1.114 0.796 

July 30-60 cm 

Median 2.36 0.016462 0.0067 24.1 0.0191 27148 <DL 0.0050 0.006 0.004 0.83 71 141 1.17 18.2 0.117 0.043 0.0140 0.080 <DL 7.89 0.070 0.003 

Min 1.42 0.015661 0.0064 9.1 0.0060 19271 / 0.0048 0.000 0.001 0.14 35 14 0.05 6.3 0.000 0.041 0.0133 0.076 / 2.30 0.062 0.001 

Max 7.49 0.045142 0.0068 34.8 0.0317 37025 / 0.1799 0.020 0.143 2.76 92 271 26.77 25.5 2.060 0.043 0.1284 0.081 / 10.61 0.856 0.891 

August 0-30 cm 

M 1.96 <DL 0.0031 37.2 0.0012 2991 <DL 0.0018 0.005 0.041 1.56 126 281 1.08 9.1 0.051 0.065 <DL 1.693 <DL 5.96 0.006 0.052 

Min 0.45 / 0.0030 20.0 0.0002 2029 / 0.0001 0.001 0.005 0.58 74 67 0.07 5.2 0.003 0.020 / 0.897 / 3.80 0.002 0.001 

Max 6.06 / 0.4391 66.9 0.0078 3902 / 0.0408 0.013 4.151 3.66 181 558 21.21 30.9 1.713 0.293 / 5.440 / 7.82 0.010 0.434 

August 30-60 cm 

M 2.63 <DL 0.0031 40.7 0.0013 3064 <DL 0.0018 0.006 0.067 1.71 91 331 0.67 13.6 0.045 0.040 <DL 1.705 <DL 6.43 0.006 0.045 

Min 0.35 / 0.0030 21.3 0.0002 1960 / 0.0001 0.001 0.002 0.72 68 57 0.05 5.4 0.004 0.020 / 0.477 / 4.37 0.003 0.001 

Max 24.69 / 7.7141 56.5 0.0342 4513 / 0.1432 0.017 43.849 4.42 163 553 33.31 86.3 2.475 0.210 / 4.117 / 9.12 0.012 0.800 
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Table 8.4.7 Descriptive statistics of element concentrations (mg kg-1) (Median–M, Minimum–Min and Maximum–Max) extracted from the topsoil and the subsoil 

samples by 0.05 mol L-1 Na2EDTA during 1 h extraction (Experiment 3; Milićević et al., 2018b) 

 
Al As B Ba Be Ca Cd Co Cr Cu Fe K Li Mg Mn Na Ni P Pb S Sb Sr V Zn 

April 0-30 cm 

M 318 0.141 0.300 14.9 0.0038 3121 0.075 5.56 0.029 7.1 167 44 0.082 199 308 / 7.6 7.2 8.5 0.5 <DL 5.1 1.1 3.44 

Min 76 0.040 0.017 4.4 0.0001 1932 0.044 2.16 0.005 4.7 68 26 0.053 78 205 / 3.9 2.4 4.5 0.4 / 3.6 0.5 0.95 

Max 437 0.312 9.560 20.0 0.0231 16035 0.106 6.83 0.268 36.7 289 74 0.100 272 423 / 16.3 29.4 11.1 13.2 / 18.0 2.6 6.28 

April 30-60 cm 

M 313 0.121 0.125 15.6 0.0067 2834 0.057 5.56 0.020 6.1 155 23 0.078 201 291 / 6.5 1.5 7.4 0.5 <DL 4.8 1.0 1.81 

Min 26 0.028 0.017 3.6 0.0019 1797 0.016 0.27 0.005 1.7 26 14 0.065 63 61 / 1.0 0.1 2.6 0.4 / 2.8 0.1 0.34 

Max 469 0.309 25.726 19.4 0.0241 15950 0.135 8.70 0.213 33.2 466 62 0.114 267 504 / 21.8 22.6 15.2 15.1 / 16.4 3.8 4.11 

Maj 0-30 cm 

M 560 0.137 0.316 21.8 0.0043 3329 0.075 7.35 0.302 9.3 7 56 0.107 229 408 / 9.2 25.7 11.8 30.1 <DL 5.4 2.5 6.42 

Min 222 0.082 0.031 8.9 0.0000 1880 0.024 5.51 0.117 4.6 6 27 0.052 93 252 / 4.1 7.3 7.5 4.2 / 4.0 1.5 0.79 

Max 1149 0.347 17.099 51.3 0.0362 24613 0.150 18.17 10.979 50.0 18 119 0.201 531 909 / 22.9 135.3 20.0 48.6 / 28.8 4.9 11.37 

May 30-60 cm 

M 561 0.105 0.347 21.9 0.0097 3073 0.055 7.29 0.275 7.2 373 31 0.111 237 381 / 8.2 13.6 9.6 28.4 <DL 5.8 2.1 2.07 

Min 71 0.085 0.004 7.0 0.0022 1963 0.025 2.90 0.060 2.9 74 7 0.048 84 246 / 5.1 0.2 4.9 5.7 / 3.7 0.3 0.26 

Max 745 0.247 32.655 29.9 0.0287 28469 0.122 13.62 4.701 32.8 802 78 0.169 321 683 / 17.0 55.5 14.0 46.0 / 38.1 4.7 8.19 

June 0-30 cm. 

M 233 0.077 0.017 9.5 0.0018 2507 0.033 3.45 0.005 4.1 129 21 0.045 196 210 / 4.0 4.4 4.7 0.4 <DL 5.7 0.7 1.92 

Min 57 0.041 0.016 3.9 0.0003 1451 0.002 1.33 0.003 0.0 48 9 0.019 43 134 / 2.6 1.3 2.9 0.4 / 0.0 0.3 0.004 

Max 291 0.220 4.722 15.4 0.0160 17010 0.079 6.34 0.063 15.6 247 64 0.061 264 341 / 7.8 20.3 8.3 16.7 / 17.0 2.0 5.03 

June 30-60 cm 

M 182 0.040 0.017 8.1 0.0021 2209 0.005 3.38 0.009 0.0 98 6 0.033 87 170 / 3.7 1.0 2.7 0.4 <DL 3.9 0.5 0.004 

Min 8.6 0.013 0.016 2.3 0.0001 517 0.0001 0.13 0.005 0.0 30 0 0.002 70 33 / 0.3 0.1 0.1 0.4 / 0.0 0.1 0.004 

Max 477 0.086 1.818 10.6 0.0188 14421 0.050 5.69 0.059 14.1 301 20 0.055 209 351 / 6.0 8.9 7.2 12.6 / 16.9 1.8 5.25 

July 0-30 cm 

M 240 0.052 0.016 9.4 0.0018 2216 0.036 4.00 0.005 4.4 143 26 0.054 159 218 / 4.8 7.8 4.2 0.4 <DL 5.5 0.8 3.27 

Min 0.53 0.006 0.016 0.001 0.0014 1.88 0.002 0.002 0.003 0.0 0 3 0.0001 1 0 / 0.0 0.1 0.03 0.4 / 0.01 0.0 0.004 

Max 541 1.332 1.501 16.9 0.0179 13884 0.077 6.86 0.078 27.1 329 49 0.100 258 408 / 13.9 38.4 9.7 14.2 / 13.4 2.3 6.64 

July 30-60 cm 

M 275 0.051 0.016 8.6 0.0045 2543 0.020 3.74 0.005 2.4 131 16 0.070 181 178 / 4.1 2.1 4.2 0.4 <DL 5.3 0.7 2.23 

Min 23 0.013 0.016 3.2 0.0013 1091 0.002 0.32 0.004 0.0 32 1 0.020 76 65 / 1.1 0.1 1.3 0.4 / 2.9 0.1 0.004 

Max 457 0.196 0.017 18.3 0.0285 17412 0.089 5.25 0.020 14.3 239 30 0.088 311 392 / 10.0 15.2 6.5 21.5 / 16.7 1.6 6.04 

August 0-30 cm 

M 322 0.182 0.017 14.7 0.0025 3976 0.077 6.03 0.005 6.5 179 37 0.079 209 351 / 8.3 9.8 7.4 0.5 <DL 4.9 1.2 2.34 

Min 62 0.003 0.016 4.4 0.0018 1926 0.038 1.58 0.005 4.1 63 10 0.060 68 207 / 3.2 2.6 3.8 0.4 / 3.1 0.5 0.89 

Max 461 0.366 17.382 20.2 0.0286 19065 0.228 7.94 0.038 23.9 283 68 0.096 300 486 / 13.6 72.4 10.7 17.9 / 19.2 2.6 5.95 

August 30-60 cm 

M 306 0.160 0.017 15.1 0.0043 3216 0.058 5.73 0.005 5.6 170 19 0.076 206 292 / 6.6 3.2 6.5 0.5 <DL 4.4 1.0 1.17 

Min 28 0.006 0.015 4.3 0.0009 2140 0.007 0.22 0.004 1.4 26 3 0.051 60 47 / 1.4 0.1 2.1 0.4 / 1.6 0.1 0.005 

Max 507 0.313 34.067 21.2 0.0338 19240 0.144 8.80 0.750 394.1 335 59 0.101 331 538 / 13.6 33.6 11.3 11.3 / 21.3 2.5 7.77 
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Table 8.4.8 Descriptive statistics of element concentrations (mg kg-1) (Median−M, Minimum−Min and Maximum−Max) extracted from the topsoil and the subsoil 

samples by 0.11 mol L-1 CH3COOH during 16 h extraction (Experiment 3; Milićević et al., 2018b) 

 
Al As B Ba Be Ca Cd Co Cr Cu Fe K Mg Mn Na Ni P Pb S Sb Sr V Zn 

April0-30 cm 

M 45.6 <DL 0.90 21.8 0.146 1310 0.013 0.300 0.094 0.010 13.1 90.6 339 49.6 11.3 6.9 4.8 0.035 0.27 <DL 5.8 0.014 0.744 

Min 35.7 / 0.13 13.7 0.039 826 0.005 0.070 0.035 0.010 8.1 50.8 155 37.4 7.1 4.6 0.9 0.008 0.26 / 4.9 0.003 0.002 

Max 64.1 / 12.19 25.9 0.199 3345 0.042 0.559 0.165 3.025 15.7 129.1 421 94.6 57.2 29.6 17.3 0.088 2.41 / 48.2 0.024 1.818 

April 30-60 cm 

M 42.1 <DL 1.26 22.7 0.160 1167 0.014 0.264 0.108 0.010 12.7 61.6 322 48.8 13.5 8.0 1.2 0.042 0.27 <DL 5.9 0.019 0.426 

Min 17.3 / 0.15 12.2 0.003 702 0.002 0.027 0.053 0.010 9.7 46.0 128 18.5 7.1 4.8 0.2 0.035 0.27 / 3.9 0.001 0.002 

Max 114.0 / 27.70 27.1 0.213 3579 0.050 0.592 0.274 3.495 16.9 105.1 424 120.5 109.0 55.3 3.7 0.158 0.56 / 81.0 0.043 1.349 

Maj 0-30 cm 

Mn 35.9 0.053 0.88 19.6 0.150 1094 0.015 0.506 0.076 0.011 9.3 90.2 316 62.3 6.2 2.8 7.5 0.043 11.32 <DL 5.5 0.020 0.928 

Min 14.9 0.001 0.15 15.2 0.019 617 0.000 0.119 0.025 0.010 1.2 51.4 150 45.3 0.3 1.8 1.4 0.020 2.73 / 4.1 0.003 0.002 

Max 82.6 0.164 22.18 40.5 0.337 6472 0.053 1.842 4.483 3.486 28.6 244.9 659 181.4 29.6 6.5 48.0 0.149 23.66 / 47.4 0.067 5.980 

May 30-60 cm 

M 26.7 0.038 1.02 20.0 0.160 1086 0.009 0.363 0.079 0.011 5.9 52.5 319 49.8 9.2 2.4 1.5 0.033 9.57 <DL 5.5 0.010 0.464 

Min 6.3 0.008 0.10 12.6 0.014 662 0.001 0.022 0.009 0.010 0.4 23.4 141 31.4 4.0 1.5 0.1 0.002 0.74 / 3.8 0.000 0.002 

Max 54.6 0.148 40.14 23.9 0.197 11451 0.079 0.838 2.106 3.355 17.9 149.3 468 352.3 109.0 4.5 11.3 0.162 22.14 / 87.4 0.068 4.918 

June 0-30 cm. 

M 41.6 0.045 0.03 18.1 0.013 28459 0.022 0.297 0.121 0.414 8.1 83.1 286 38.2 10.6 2.0 0.1 0.033 0.33 <DL 3.6 0.019 0.692 

Min 33.7 0.011 0.03 12.0 0.002 14955 0.013 0.022 0.057 0.010 5.9 55.5 123 27.8 2.0 1.3 0.1 0.001 0.31 / 2.8 0.018 0.006 

Max 50.4 0.047 0.03 20.3 0.022 35567 0.063 0.543 0.165 4.907 12.5 155.3 349 107.3 19.0 3.2 0.1 0.096 0.34 / 35.5 0.030 2.340 

June 30-60 cm 

M 39.9 0.045 0.03 18.3 0.013 28512 0.018 0.309 0.108 0.063 8.4 52.7 271 40.5 9.6 2.0 0.1 0.034 0.33 <DL 3.3 0.019 0.652 

Min 12.1 0.011 0.03 5.0 0.001 18480 0.010 0.112 0.055 0.009 6.9 40.7 92 20.1 6.1 1.1 0.1 0.019 0.31 / 2.2 0.018 0.005 

Max 58.6 0.046 0.48 21.3 0.037 40857 0.033 0.557 0.183 15.595 15.2 93.2 358 107.1 28.0 3.1 0.1 0.239 0.34 / 70.8 0.052 3.972 

July 0-30 cm 

M 48.4 0.051 0.03 17.9 0.013 27148 0.031 0.320 0.118 0.220 10.0 94.2 276 36.3 8.7 2.1 0.1 0.032 17.40 <DL 3.5 0.019 1.601 

Min 24.8 0.005 0.03 8.9 0.000 19271 0.018 0.013 0.053 0.009 5.9 27.9 114 23.6 1.0 1.2 0.1 0.002 10.28 / 0.9 0.018 0.093 

Max 59.3 0.102 0.03 22.2 0.046 37025 0.178 0.710 0.243 12.38 11.5 144.0 374 118.1 43.2 3.6 0.1 0.394 21.99 / 33.5 0.048 4.134 

July 30-60 cm 

M 43.8 0.044 0.03 18.8 0.015 27148 0.026 0.266 0.124 0.238 9.4 69.4 302 31.6 17.4 1.6 0.1 0.034 6.60 <DL 3.7 0.019 1.199 

Min 13.8 0.0002 0.03 10.4 0.003 19271 0.006 0.026 0.059 0.010 4.4 53.5 96 14.0 4.1 1.1 0.1 0.001 1.96 / 2.4 0.018 0.006 

Max 66.2 0.083 0.03 23.1 0.049 37025 0.063 0.621 0.209 4.620 12.6 84.8 413 124.6 154.8 2.8 0.1 0.261 13.34 / 59.0 0.045 4.007 

August 0-30 cm 

M 44.2 <DL 0.06 22.0 0.158 1394 0.011 0.283 0.077 0.010 11.5 93.3 323 37.2 15.9 9.1 4.6 0.036 14.76 <DL 5.6 0.024 0.845 

Min 26.7 / 0.01 14.6 0.035 762 0.002 0.030 0.039 0.010 5.7 42.6 156 21.6 11.3 6.9 0.7 0.015 5.98 / 4.1 0.009 0.130 

Max 53.5 / 9.17 26.3 0.208 6442 0.048 0.427 0.150 19.26 15.4 138.8 421 111.4 43.5 22.7 31.1 0.254 24.35 / 54.9 0.042 3.029 

August 30-60 cm 

M 38.3 <DL 0.10 21.7 0.169 1192 0.010 0.267 0.076 0.010 10.3 61.9 323 35.1 21.8 12.1 0.9 0.036 13.77 <DL 5.7 0.022 0.646 

Min 15.2 / 0.05 12.3 0.002 717 0.001 0.019 0.035 0.003 4.6 32.5 121 17.1 14.1 7.7 0.0 0.034 0.27 / 3.8 0.002 0.002 

Max 57.8 / 36.00 27.1 0.214 6659 0.045 0.497 0.878 6.885 16.3 113.5 463 175.3 125.6 63.4 10.9 0.108 21.07 / 76.1 0.046 3.820 
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Table 8.4.9 Descriptive statistics of CF (-) calculated for PTEs (Experiment 3; Milićević et al., 2018b) 

 
Al As B Ba Be Cd Co Cr Cu Fe Mn Ni P Pb S Sb Sr V Zn 

April 0-30 cm 

M 0.96 0.91 1.48 0.72 0.95 8.93 1.28 1.99 0.99 0.97 1.17 1.96 0.91 0.55 0.67 0.62 0.83 0.59 1.01 

Min 0.81 0.73 1.13 0.59 0.85 8.35 1.02 1.28 0.79 0.88 0.87 1.08 0.70 0.43 0.20 0.52 0.67 0.52 0.83 

Max 1.09 1.05 2.19 0.80 1.07 12.94 1.71 3.79 2.58 1.37 1.60 3.31 1.38 0.89 1.05 0.98 1.88 0.68 2.15 

April 30-60 cm 

M 0.94 1.19 0.88 0.93 0.88 1.17 1.22 2.36 1.04 1.01 1.03 2.49 0.94 1.18 1.40 1.25 2.01 1.10 0.99 

Min 0.76 0.82 0.50 0.64 0.68 0.86 0.98 1.36 0.82 0.92 0.74 1.45 0.55 0.78 0.69 0.89 1.31 0.92 0.88 

Max 1.09 1.32 2.24 1.06 1.01 1.53 1.50 3.21 2.45 1.12 1.45 3.93 1.55 1.62 6.18 1.47 2.87 1.18 1.03 

May 0-30 cm 

M 0.98 0.95 1.52 0.75 0.97 9.21 1.36 1.90 0.97 0.98 1.08 1.93 1.10 0.66 1.11 0.68 0.87 0.61 1.03 

Min 0.79 0.68 1.10 0.60 0.81 8.09 1.01 1.70 0.80 0.91 0.89 1.07 0.74 0.43 0.84 0.48 0.49 0.51 0.92 

Max 1.98 1.96 2.81 1.63 2.11 18.51 2.62 4.07 2.71 2.00 2.58 3.73 2.34 1.19 3.05 1.35 1.84 1.26 2.19 

May 30-60 cm 

M 0.95 1.14 0.77 0.97 0.92 1.12 1.25 2.29 1.07 1.01 1.09 2.33 1.04 1.17 1.25 1.11 1.87 1.05 0.96 

Min 0.64 0.80 0.58 0.51 0.57 0.76 0.83 1.42 0.87 0.80 0.80 1.21 0.70 0.64 0.86 0.99 0.94 0.80 0.79 

Max 1.09 1.42 2.82 1.10 1.11 1.89 1.50 7.49 1.91 1.12 1.58 4.87 1.42 1.47 8.60 1.80 3.09 1.20 1.09 

June 0-30 cm 

M 0.96 0.99 1.38 0.79 0.99 9.08 1.31 2.01 0.91 1.00 1.15 1.86 0.96 0.61 1.20 0.65 0.94 0.60 0.96 

Min 0.83 0.93 1.25 0.62 0.88 8.92 1.16 1.77 0.86 0.95 0.86 1.11 0.88 0.43 0.69 0.58 0.78 0.55 0.89 

Max 1.06 1.15 1.84 0.84 1.07 9.82 1.52 2.59 1.59 1.06 1.46 3.30 1.40 0.98 1.45 0.83 1.86 0.65 1.03 

June 30-60 cm 

M 0.89 1.16 0.65 0.92 0.92 1.41 1.16 2.07 0.96 0.99 1.15 2.26 1.04 1.17 1.42 1.10 1.88 1.06 0.96 

Min 0.44 0.69 0.53 0.39 0.44 1.02 0.81 1.35 0.62 0.70 0.77 1.55 0.68 0.35 0.92 0.82 1.51 0.47 0.55 

Max 1.02 1.42 1.15 1.04 1.01 1.61 1.24 2.47 2.18 1.09 1.48 2.97 1.48 1.75 12.14 1.47 2.80 1.14 1.26 

July 0-30 cm 

M 0.97 0.93 1.36 0.77 0.97 9.12 1.31 1.78 0.96 1.00 1.09 1.87 1.04 0.58 1.17 0.69 0.88 0.60 0.97 

Min 0.80 0.68 1.09 0.60 0.82 8.03 1.05 1.38 0.81 0.93 0.86 1.08 0.67 0.35 0.68 0.53 0.60 0.51 0.83 

Max 1.13 1.14 2.36 1.18 1.07 10.09 1.63 2.87 3.04 1.13 3.22 3.47 1.40 0.84 1.42 0.85 2.03 0.67 1.11 

July 30-60 cm 

M 1.01 1.08 1.39 0.96 1.34 4.96 1.19 2.14 0.89 1.04 0.98 2.28 0.93 0.89 0.62 0.26 1.14 0.59 1.05 

Min 0.64 0.72 0.65 0.60 0.94 1.10 0.86 0.57 0.70 0.89 0.69 1.22 0.06 0.59 0.12 0.06 0.68 0.37 0.76 

Max 1.17 1.31 1.93 1.10 1.57 8.64 9.19 3.14 2.46 1.10 1.47 6.56 1.34 1.96 1.62 8.32 3.72 1.72 1.18 

August 0-30 cm 

M 1.03 0.95 1.52 0.83 1.02 16.34 1.34 1.97 0.95 0.99 1.07 1.87 0.97 0.54 1.05 0.69 0.92 0.64 0.99 

Min 0.88 0.60 1.23 0.68 0.86 14.85 1.10 1.35 0.84 0.94 0.89 1.09 0.69 0.42 0.60 0.57 0.61 0.55 0.86 

Max 1.17 1.22 2.19 0.90 1.22 18.35 1.74 3.17 1.82 1.12 1.66 3.50 1.59 0.91 1.67 0.92 2.00 0.68 1.22 

August 30-60 cm 

M 0.98 1.07 1.46 0.95 1.11 5.21 1.33 2.08 0.84 1.01 1.09 2.29 0.96 0.78 0.82 1.04 1.04 0.92 1.00 

Min 0.12 0.09 0.40 0.41 0.08 1.82 0.90 0.49 0.59 0.24 0.76 0.57 0.14 0.37 0.25 0.34 0.78 0.01 0.67 

Max 1.17 1.31 3.52 1.34 1.45 5.78 1.62 3.68 1.98 1.22 1.73 5.23 1.54 1.78 1.63 1.50 3.18 1.03 1.58 
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Table 8.4.10 MF% (Median–M) (-) for each of the elements (Experiment 3; Milićević et al., 2018b) 

 
Al As B Ba Be Ca Cd Co Cr Cu Fe K Mg Mn Na Ni P Pb S Sb Sr V Zn 

0-30 cm 2 h H2O 

M 0.016 / 0.38 0.23 0.16 1.16 0.043 0.03 0.017 1.239 0.008 14.7 0.13 0.030 0.93 0.068 0.31 0.18 11.2 / 0.30 0.029 0.72 

30-60 cm 2 h H2O 

M 0.022 / 0.65 0.30 0.19 1.14 0.333 0.03 0.020 1.537 0.011 0.04 0.11 0.030 1.11 0.066 0.19 0.11 15 / 0.175 0.017 0.73 

0-30 cm 16 h H2O 

M 0.017 0.16 0.63 0.26 0.177 0.92 0.06 0.10 0.020 1.38 0.010 14.4 0.18 0.030 0.61 0.094 0.19 0.30 13 / 0.41 0.028 0.56 

30-60 cm 16 h H2O 

M 0.022 0.13 0.83 0.26 0.186 0.72 0.415 0.11 0.021 1.335 0.013 0.04 0.16 0.031 0.81 0.070 0.11 0.19 12.1 / 0.23 0.017 0.47 

0-30 cm CaCl2 

M 0.01 / 0.16 0.68 0.04 / 0.06 0.02 0.01 0.23 0.01 77 2.2 0.10 1.6 0.06 0.11 / 3.44 / 4.40 0.01 0.13 

30-60 cm CaCl2 

M 0.0060 / 0.54 0.58 0.043 / 0.34 0.02 0.007 0.14 0.0061 0.19 2.30 0.10 2.47 0.049 0.067 / 2.93 / 2.11 0.0067 0.10 

0-30 cm NH4NO3 

M 0.0036 / 0.02 11.8 0.11 39.8 / 0.021 0.005 0.078 0.0029 240 1.43 0.16 1.48 0.077 0.014 0.088 0.97 / 14.01 0.10 0.10 

30-60 cm NH4NO3 

M 0.0047 / 0.03 9.9 0.12 40.7 / 0.030 0.006 0.058 0.0032 0.75 1.40 0.12 2.04 0.053 0.013 0.052 0.68 / 8.25 0.06 0.11 

0-30 cm Na2EDTA 

M 0.47 0.86 0.05 5.8 0.18 42.2 2.37 21.9 0.00 14.6 0.32 94 2.11 26.7 / 6.67 3.08 40.0 0.58 / 13.3 1.96 3.75 

30-60 cm Na2EDTA 

M 0.46 0.58 0.08 4.4 0.33 41.0 7.19 21.38 0.01 12.1 0.38 0.21 2.08 25.4 / 4.74 1.02 19.8 0.76 / 8.12 1.32 2.18 

0-30 cm CH3COOH 

M 0.06 0.33 0.25 8.0 6.77 18.6 0.82 1.24 0.066 0.026 0.024 239 3.30 3.83 1.59 2.93 0.727 0.22 11.7 1.36 12.9 0.032 1.25 

30-60 cm CH3COOH 

M 0.058 0.28 0.69 6.7 6.02 17.4 2.94 1.19 0.061 0.026 0.022 0.63 3.54 3.51 2.38 2.26 0.156 0.14 8.0 0.80 8.10 0.020 0.83 
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Table 8.4.11 Descriptive statistics of Eri (i=As, Cd, Cr, Cu, Ni, Pb, and Zn) (-) and RI (-)for the topsoil 

and the subsoil (Experiment 3; Milićević et al., 2018b) 

Eri As Cd Cr Cu Ni Pb Zn RI=ƩEri 

April 0-30 cm 

M 4.56 268 3.97 4.95 9.79 2.74 1.01 295 

Min 3.65 250 2.56 3.96 5.38 2.16 0.83 269 

Max 5.25 388 7.59 12.92 16.55 4.44 2.15 437 

April 30-60 cm 

M 5.93 35 4.73 5.18 12.43 5.88 0.99 70 

Min 4.10 26 2.72 4.08 7.27 3.91 0.88 49 

Max 6.61 46 6.41 12.23 19.65 8.12 1.03 100 

May 0-30 cm 

M 4.76 276 3.81 4.87 9.66 3.28 1.03 304 

Min 3.42 243 3.40 4.02 5.36 2.15 0.92 262 

Max 9.79 555 8.14 13.57 18.67 5.93 2.19 613 

May 30-60 cm 

M 5.70 34 4.58 5.35 11.63 5.86 0.96 68 

Min 4.01 23 2.83 4.34 6.06 3.21 0.79 44 

Max 7.09 57 14.98 9.55 24.34 7.36 1.09 121 

June 0-30 cm 

M 4.96 272 4.03 4.57 9.31 3.04 0.96 299 

Min 4.63 268 3.53 4.30 5.54 2.15 0.89 289 

Max 5.74 295 5.18 7.95 16.52 4.88 1.03 336 

June 30-60 cm 

M 5.82 42 4.14 4.78 11.30 5.83 0.96 75 

Min 3.47 31 2.70 3.09 7.75 1.77 0.55 50 

Max 7.08 48 4.95 10.92 14.86 8.75 1.26 96 

July 0-30 cm 

M 4.65 273 3.56 4.82 9.35 2.90 0.97 300 

Min 3.38 241 2.77 4.07 5.41 1.75 0.83 259 

Max 5.72 303 5.74 15.20 17.36 4.20 1.11 352 

July 30-60 cm 

M 5.38 149 4.28 4.46 11.38 4.43 1.05 180 

Min 3.58 33 1.14 3.51 6.10 2.95 0.76 51 

Max 6.55 259 6.29 12.28 32.80 9.79 1.18 328 

August 0-30 cm 

M 4.74 490 3.95 4.73 9.33 2.72 0.99 517 

Min 2.98 445 2.69 4.18 5.45 2.12 0.86 464 

Max 6.09 551 6.33 9.09 17.50 4.53 1.22 595 

August 30-60 cm 

M 5.37 156 4.16 4.19 11.44 3.90 1.00 186 

Min 0.43 55 0.99 2.95 2.86 1.87 0.67 64 

Max 6.57 173 7.36 9.89 26.17 8.89 1.58 234 
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Table 8.4.12 Descriptive statistics of BGI (-) representing the element absorptions in the topsoil (Experiment 3; Milićević et al., 2018b) 

BGI Al As B Ba Be Ca Cd Co Cr Cu Fe K Mg Mn Na Ni P Pb S Sb Sr V Zn 

April 

M 1.01 0.81 1.74 0.79 1.09 0.94 7.81 1.04 0.88 0.93 0.97 0.00 0.95 1.02 1.19 0.83 1.05 0.49 0.41 0.51 0.46 0.56 1.03 

Min 0.84 0.72 0.98 0.70 0.97 0.16 5.57 0.90 0.67 0.79 0.81 0.00 0.85 0.74 0.99 0.64 0.68 0.38 0.08 0.40 0.34 0.49 0.88 

Max 1.15 0.89 2.25 1.01 1.25 1.35 11.06 1.57 1.47 1.37 1.35 0.00 1.06 1.59 1.41 0.93 1.58 0.67 1.31 0.80 0.66 0.62 2.17 

May 

M 1.03 0.86 1.77 0.82 1.09 1.09 8.05 1.08 0.82 0.96 0.98 0.00 1.00 1.02 0.98 0.86 1.11 0.58 0.90 0.59 0.48 0.58 1.10 

Min 0.85 0.76 1.00 0.62 0.87 0.16 4.90 0.87 0.38 0.69 0.87 0.00 0.90 0.76 0.79 0.46 0.54 0.40 0.21 0.46 0.26 0.47 0.93 

Max 2.35 1.82 4.44 1.77 2.46 2.73 16.96 2.27 2.25 2.57 2.27 0.01 2.30 2.24 2.31 2.03 2.19 1.03 2.00 1.36 1.05 1.28 2.58 

June 

M 1.06 0.86 2.01 0.84 1.11 1.02 6.47 1.14 0.92 1.00 0.99 0.00 1.02 1.08 0.96 0.82 1.00 0.56 0.82 0.55 0.52 0.58 1.01 

Min 0.97 0.79 1.36 0.80 0.98 0.27 5.54 1.02 0.82 0.40 0.91 0.00 0.89 0.88 0.84 0.63 0.78 0.45 0.09 0.50 0.39 0.54 0.82 

Max 1.87 1.41 3.24 1.58 1.98 2.01 8.98 1.77 1.92 1.96 1.52 0.01 1.25 1.48 1.11 1.14 1.33 1.22 1.41 1.01 0.72 1.16 1.78 

July 

M 0.98 0.86 1.04 0.80 0.70 1.01 1.83 1.07 0.85 1.07 0.97 0.00 0.98 1.10 0.85 0.84 1.10 0.59 1.80 2.82 0.83 1.02 0.96 

Min 0.88 0.79 0.89 0.72 0.55 0.13 0.99 0.13 0.66 0.49 0.87 0.00 0.87 0.90 0.66 0.36 0.80 0.24 0.77 0.09 0.27 0.30 0.84 

Max 1.24 1.00 1.98 1.23 1.08 2.18 7.71 1.38 3.55 1.39 1.12 0.01 1.12 3.34 1.17 1.11 11.28 0.86 9.56 10.11 1.11 1.73 1.09 

August 

M 1.03 0.88 1.02 0.86 0.91 1.06 3.16 1.05 0.85 1.11 0.97 1.17 0.99 0.97 0.99 0.80 1.08 0.73 1.31 0.64 0.89 0.68 0.98 

Min 0.94 0.82 0.62 0.57 0.83 0.09 2.87 0.82 0.56 0.50 0.81 1.00 0.91 0.66 0.82 0.67 0.71 0.42 0.68 0.55 0.47 0.62 0.69 

Max 1.22 1.10 1.13 0.94 1.09 1.38 3.83 1.30 1.21 1.50 1.12 1.43 1.16 1.34 1.29 1.13 1.50 1.26 3.31 0.77 1.05 0.75 1.36 
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Table 8.4.13 Descriptive statistics of BRAI (-) calculated for topsoil and subsoil using element 

concentrations extracted by Na2EDTA (regular equation) and CH3COOH (modify equation); The 

BRAIprobable (using concentrations of As, Cd, Cr, Cu, Ni, Pb and Zn) and BRAIapparent (using 

concentrations of As, Cd, Co, Cr, Cu, Mn, Ni, Pb, V and Zn) for both regular and modify equations are 

presented (Experiment 3; Milićević et al., 2018b) 

 
BRAIEDTAprobbable BRAIEDTAapparent BRAICH3COOHprobbable BRAICH3COOHapparent 

April 0-30 cm 

M 1.49 1.55 1.00 1.00 

Min 1.33 1.18 1.00 1.00 

Max 1.76 1.68 1.40 1.13 

April 30-60 cm 

M 1.80 1.92 1.00 1.00 

Min 1.16 1.27 1.00 1.00 

Max 2.66 2.79 2.06 1.72 

May 0-30 cm 

M 1.59 1.79 1.00 1.00 

Min 1.40 1.53 1.00 1.00 

Max 1.87 1.97 1.00 1.00 

May30-60 cm 

M 2.04 2.22 1.00 1.00 

Min 1.48 1.63 1.00 1.00 

Max 2.66 3.08 1.46 1.40 

June 0-30 cm 

M 1.24 1.30 1.00 1.00 

Min 1.09 1.06 1.00 1.00 

Max 1.65 1.91 1.00 1.00 

June 30-60 

M 1.09 1.25 1.00 1.00 

Min 1.00 1.00 1.00 1.00 

Max 1.55 1.81 1.46 1.44 

July 0-30 cm 

M 1.25 1.28 1.00 1.00 

Min 1.00 1.00 1.00 1.00 

Max 1.50 1.67 1.00 1.00 

July 30-60 cm 

M 1.09 1.28 1.00 1.00 

Min 1.00 1.00 1.00 1.00 

Max 1.17 1.52 1.00 1.00 

August 0-30 cm 

M 1.41 1.59 1.09 1.05 

Min 1.17 1.09 1.00 1.00 

Max 1.87 1.82 2.00 1.36 

August 30-60 

M 1.24 1.51 1.04 1.00 

Min 1.09 1.03 1.00 1.00 

Max 1.87 1.82 2.00 1.36 
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Table 8.4.14 Descriptive statistic (Median−M, Minimum−Min and Maximum−Max) of element concentrations (mg kg-1) in the leaf samples (n=75) collected through 

the entire grapevine season (Experiment 3; Milićević et al., 2018b) 

 Al As B Ba Be Ca Cd Co Cr Cu Fe K Mg Mn Na Ni Pb Sb Sr V Zn 

May 

M 138 0.043 30.5 7.6 0.00371 11371 0.0074 0.037 0.140 9.53 134 6595 1302 49 42 3.10 0.28 0.00 11 0.153 21.1 

Min 98 0.016 14.2 3.2 0.00155 6625 0.0007 0.024 0.025 6.32 85 4757 1007 22 8 0.03 0.01 0.00 3 0.066 13.3 

Max 186 0.105 74.6 17.2 0.01150 25175 0.0780 0.110 0.770 15.83 253 9590 1831 274 103 9.69 1.90 0.66 38 0.239 44.8 

June 

M 62 0.042 41.8 12.3 0.00245 20719 0.0020 0.031 0.078 8.67 115 7612 1983 41 121 1.40 0.14 0.01 26 0.055 23.1 

Min 44 0.016 22.9 5.2 0.000004 14465 0.0004 0.019 0.045 5.41 103 6843 1701 25 10 0.03 0.01 0.00 13 0.001 16.3 

Max 83 0.088 57.4 27.1 0.01620 27603 0.1653 0.039 0.175 14.47 137 10071 2651 234 191 2.09 3.91 0.01 40 0.095 30.1 

July 

M 91 0.094 30.6 13.8 0.00263 24198 0.0026 0.070 0.351 5.22 131 7762 2242 59 101 2.26 0.44 0.02 30 0.108 13.3 

Min 67 0.035 16.6 5.4 0.00046 17848 0.0001 0.034 0.205 4.23 88 5716 1495 26 25 0.03 0.11 0.00 13 0.052 9.1 

Max 139 0.205 47.9 28.3 0.01673 35906 0.0139 0.214 1.793 13.44 367 12095 3883 274 136 6.59 1.22 0.24 45 0.439 20.6 

August 

M 53 0.075 20.3 17.3 0.00236 29917 0.0019 0.074 0.203 4.40 102 7215 2816 55 54 1.76 0.15 0.01 45 0.052 15.7 

Min 22 0.031 14.2 8.3 0.00025 25411 0.0004 0.033 0.049 3.21 56 4587 1954 27 5 0.03 0.01 0.00 18 0.000 11.2 

Max 89 0.310 47.5 37.2 0.01919 39573 0.0108 0.249 2.835 6.36 228 9238 3993 185 120 6.02 0.70 0.44 64 0.136 29.2 
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Table 8.4.15 Descriptive statistics (Median−M, Minimum−Min and Maximum−Max) of BAC (-) for elements through the entire grapevine season (Experiment 3; 

Milićević et al., 2018b) 

 
Al As B Ba Be Ca Cd Co Cr Cu Fe K Mg Mn Na Ni Pb Sb Sr V Zn 

BAC 0-30 cm 

May 

M 0.0022 0.0031 0.70 0.0312 0.0019 1.58 0.0034 0.0014 0.0011 0.19 0.0033 0.64 0.15 0.0439 0.07 0.0293 0.0153 0.0013 0.29 0.002376 0.24 

Min 0.0008 0.0006 0.22 0.0142 0.0010 0.30 0.0003 0.0007 0.0001 0.06 0.0012 0.33 0.07 0.0120 0.01 0.0002 0.0003 0.0005 0.07 0.000996 0.11 

Max 0.0030 0.0081 1.62 0.0660 0.0061 3.69 0.0392 0.0040 0.0059 0.39 0.0064 0.93 0.22 0.1547 0.18 0.0792 0.0892 0.1913 1.17 0.003799 0.46 

June 

M 0.0009 0.0028 1.04 0.0479 0.0012 2.72 0.0009 0.0011 0.0006 0.19 0.0027 0.70 0.25 0.0366 0.17 0.0137 0.0069 0.0019 0.51 0.000910 0.29 

Min 0.0006 0.0011 0.67 0.0237 0.0000 0.50 0.0002 0.0008 0.0003 0.13 0.0023 0.62 0.22 0.0171 0.01 0.0002 0.0005 0.0009 0.25 0.000016 0.20 

Max 0.0012 0.0062 1.58 0.1023 0.0077 4.19 0.0750 0.0016 0.0013 0.31 0.0031 0.98 0.28 0.2157 0.25 0.0318 0.1758 0.0048 0.98 0.001466 0.38 

July 

M 0.0014 0.0069 0.77 0.0569 0.0014 3.23 0.0012 0.0029 0.0028 0.12 0.0031 0.73 0.26 0.0546 0.14 0.0166 0.0288 0.0052 0.76 0.001734 0.17 

Min 0.0010 0.0024 0.46 0.0281 0.0003 0.37 0.0000 0.0013 0.0018 0.04 0.0020 0.50 0.12 0.0096 0.04 0.0002 0.0079 0.0009 0.24 0.000826 0.11 

Max 0.0019 0.0156 1.39 0.1117 0.0086 4.94 0.0057 0.0079 0.0142 0.28 0.0082 1.21 0.41 0.2291 0.21 0.0719 0.0647 0.0740 1.18 0.006401 0.24 

August 

M 0.0007 0.0057 0.46 0.0699 0.0012 3.58 0.0005 0.0028 0.0014 0.10 0.0025 0.61 0.31 0.0521 0.07 0.0146 0.0103 0.0026 1.00 0.000805 0.18 

Min 0.0003 0.0021 0.31 0.0339 0.0001 0.81 0.0001 0.0012 0.0004 0.06 0.0013 0.40 0.16 0.0196 0.01 0.0002 0.0008 0.0008 0.42 0.000001 0.12 

Max 0.0012 0.0244 1.12 0.1312 0.0093 5.88 0.0028 0.0090 0.0230 0.13 0.0051 0.85 0.49 0.1650 0.15 0.0655 0.0448 0.1482 1.50 0.002072 0.33 

BAC 30-60 cm 

May 

M 0.0022 0.0026 1.30 0.0261 0.0021 1.73 0.0269 0.0016 0.0010 0.20 0.0030 0.71 0.16 0.0462 0.06 0.0269 0.0107 0.0009 0.14 0.001402 0.29 

Min 0.0015 0.0010 0.22 0.0120 0.0012 0.11 0.0018 0.0008 0.0001 0.07 0.0018 0.55 0.11 0.0151 0.01 0.0001 0.0002 0.0004 0.03 0.000565 0.16 

Max 0.0035 0.0073 2.83 0.0547 0.0064 4.21 0.3384 0.0048 0.0057 0.36 0.0061 1.37 0.23 0.2271 0.19 0.0683 0.0423 0.1150 0.75 0.002249 0.53 

June 

M 0.0010 0.0028 2.32 0.0506 0.0013 2.84 0.0065 0.0014 0.0005 0.22 0.0028 0.98 0.24 0.0400 0.16 0.0112 0.0040 0.0012 0.27 0.000506 0.33 

Min 0.0006 0.0009 1.02 0.0243 0.0000 0.14 0.0012 0.0008 0.0003 0.08 0.0024 0.67 0.22 0.0215 0.02 0.0002 0.0003 0.0004 0.10 0.000009 0.18 

Max 0.0023 0.0054 3.59 0.0826 0.0085 4.25 0.5260 0.0021 0.0013 0.34 0.0046 1.26 0.35 0.2040 0.28 0.0201 0.0964 0.0031 0.51 0.001114 0.41 

July 

M 0.0014 0.0063 0.84 0.0446 0.0012 3.33 0.0036 0.0031 0.0024 0.13 0.0029 0.78 0.25 0.0590 0.12 0.0137 0.0149 0.0126 0.51 0.001425 0.16 

Min 0.0009 0.0023 0.51 0.0251 0.0002 0.19 0.0001 0.0006 0.0013 0.05 0.0019 0.53 0.13 0.0200 0.04 0.0002 0.0045 0.0005 0.13 0.000308 0.10 

Max 0.0020 0.0133 2.62 0.0866 0.0085 5.46 0.0231 0.0095 0.0250 0.26 0.0091 1.21 0.37 0.2474 0.23 0.0637 0.0402 0.2974 1.21 0.006954 0.23 

August 

M 0.0007 0.0049 0.50 0.0621 0.0012 4.10 0.0020 0.0030 0.0015 0.12 0.0024 0.77 0.31 0.0498 0.07 0.0125 0.0075 0.0020 0.89 0.000561 0.20 

Min 0.0003 0.0018 0.26 0.0215 0.0001 0.29 0.0003 0.0016 0.0002 0.06 0.0012 0.42 0.16 0.0227 0.01 0.0008 0.0004 0.0005 0.15 0.000001 0.11 

Max 0.0061 0.0859 1.68 0.1169 0.0098 6.63 0.0108 0.0095 0.0201 0.16 0.0222 3.40 0.50 0.2208 0.15 0.0549 0.0238 0.1022 1.33 0.052076 0.33 
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Figure8.4.1 a) PCA representing the relations between the element concentrations (mg kg-1) and physicochemical parameters pH (-), SOM (%), CEC (cmol kg-1), N 

(%), C (%), H (%) and b) PCA Q-Q plot representing differences between the sampling phases (-) through the season (Experiment 3; Milićević et al., 2018b). 
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Figure 8.4.2 Eri (-) distribution through the season calculated for both soil layers for a) As; b) Cd; c) Cr; d) Cu; e) Ni; f) Pb; g) Zn and h) RI (-) for the vineyard soil 

distribution through the season (Experiment 3; Milićević et al., 2018b). 

a b c 

d e f 

g h 
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Figure 8.4.3 BGI (-) representing the element absorption in the topsoil through the season a) April; b) May; c) June; d) July; e) August; and f) BGI (-) for Cd through 

the season. (Experiment 3; Milićević et al., 2018b). 
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8.5 Appendix 5: Experiment 4 

Table 8.5.1 Descriptive statistics (Mean, Median, Minimum, Maximum, Standard Deviation‒SD) of the element concentrations (mg kg-1) in the unexposed (Initial) and exposed S. 

girgensohnii and H. cupressiforme for three consecutive periods of 2 months (1M2, 2M2 and 3M2), 4 months (M4), and 6 months (M6); RAF ‒ median values of relative 

accumulation factor (Experiment 4; Milićević et al., 2017b) 

 

Mean SD Median Min Max RAF Median Min Max RAF Median Min Max RAF Median Min Max RAF Median Min Max RAF

Al 286 7 726 414 943 1.5 611 475 1000 1.1 550 362 3076 0.9 832 529 1084 1.9 1446 1052 1933 4.1

As 0.06 0.03 0.29 0.16 0.5 3.8 0.27 0.16 0.46 3.5 0.21 0.14 0.61 2.5 0.35 0.17 0.51 4.8 0.6 0.4 0.95 9.0

Ba 27 2 32 26 46 0.2 45 32 63 0.7 41 30 53 0.5 40 31 51 0.5 48 42 65 0.8

Ca 3196 296 4945 3585 7127 0.5 7251 4915 8250 1.3 5730 4152 7404 0.8 6710 4541 7770 1.1 7778 5210 9177 1.4

Cd 0.15 0.002 0.21 0.17 0.36 0.4 0.372 0.181 0.758 1.5 0.290 0.192 0.498 0.9 0.284 0.186 0.508 0.9 0.297 0.223 0.63 1.0

Ce 0.28 0.1 0.52 0.27 0.86 0.9 0.87 0.56 1.68 2.1 0.78 0.35 2.44 1.8 1.44 0.83 1.9 4.1 2.53 1.8 3.63 8.0

Co 0.4 0.03 0.52 0.39 0.87 0.3 0.53 0.35 0.73 0.3 0.48 0.24 1.24 0.2 0.7 0.54 0.96 0.8 0.81 0.54 1.00 1.0

Cr 0.18 0.04 1.29 0.48 5.15 6.2 1.43 0.76 5.87 6.9 1.40 0.56 17 6.8 1.97 1.03 11 9.9 3.9 2.2 17.8 20.7

Cu 2.9 0.4 25 4.4 582 7.6 13 4.4 80 3.5 10.0 5.7 38 2.4 20.7 7.1 197 6.1 27.3 15.2 173 8.4

Dy 0.006 0.002 0.05 0.03 0.07 7.3 0.04 0.02 0.08 5.7 0.04 0.01 0.16 5.7 0.07 0.03 0.09 10.7 0.14 0.1 0.18 22.3

Er 0.0037 0.0004 0.02 0.01 0.04 4.4 0.02 0.01 0.04 4.4 0.02 0.01 0.08 4.4 0.03 0.02 0.04 7.1 0.07 0.05 0.09 17.9

Eu 0.0031 0.001 0.01 0.01 0.02 2.2 0.01 0.01 0.03 2.2 0.01 0.005 0.05 2.2 0.02 0.01 0.03 5.5 0.04 0.03 0.06 11.9

Fe 344 35 728 459 964 1.1 750 618 1170 1.2 658 468 2374 0.9 961 581 1637 1.8 1682 1177 2479 3.9

Ga 0.047 0.006 0.2 0.09 0.31 3.3 0.29 0.15 0.47 5.2 0.22 0.07 0.89 3.7 0.34 0.17 0.44 6.2 0.65 0.48 0.87 12.8

Gd 0.006 0.004 0.06 0.03 0.1 9.0 0.04 0.02 0.1 5.7 0.05 0.02 0.21 7.3 0.09 0.04 0.11 14.0 0.17 0.12 0.24 27.3

Ho 0.001 0.001 0.009 0.005 0.014 8.0 0.006 0.003 0.013 5.0 0.007 0.002 0.032 6.0 0.012 0.006 0.017 11.0 0.025 0.019 0.034 24.0

La 0.16 0.03 0.41 0.22 0.66 1.6 0.4 0.24 0.78 1.5 0.33 0.13 1.14 1.1 0.71 0.42 0.92 3.4 1.21 0.84 1.74 6.6

Li 0.003 0.001 0.051 0.0003 0.209 16.0 0.03 0.021 0.06 9.0 0.024 0.01 0.208 7.0 0.049 0.027 0.17 15.3 0.0074 0.0054 0.104 1.5

Lu 0.001 0.001 0.0027 0.00155 0.00408 1.7 0.0007 0.00003 0.00238 -0.3 0.00038 0.00004 0.00761 -0.6 0.00423 0.00226 0.00605 3.2 0.00757 0.00542 0.01048 6.6

Mg 1270 53 1540 1329 1710 0.2 1554 710 1960 0.2 1584 666 3314 0.2 1629 1277 1964 0.3 1617 907 3092 0.3

Mn 217 19 316 217 957 0.5 626 256 1155 1.9 375 232 747 0.7 436 225 853 1.0 408 178 724 0.9

Nd 0.05 0.03 0.37 0.18 0.61 6.4 0.3 0.18 0.66 5.0 0.30 0.13 1.14 5.0 0.54 0.3 0.75 9.8 1.03 0.73 1.46 19.6

Ni 1.1 0.1 3.3 1.7 150 2.0 1.3 0.4 4.6 0.2 2.1 1 9.4 0.9 2.5 1.3 6 1.3 3.4 2.5 5.3 2.1

Pb 4.3 0.3 4.8 3.5 6.8 0.1 5.0 3.7 28 0.2 5.1 4.1 7 0.2 5.8 4.2 8.8 0.3 7.7 5.3 8.7 0.8

Pr 0.016 0.008 0.1 0.05 0.16 5.3 0.08 0.05 0.17 4.0 0.08 0.04 0.29 4.0 0.14 0.07 0.2 7.8 0.27 0.19 0.4 15.9

Sb 0.04 0.01 0.13 0.08 0.24 2.3 0.17 0.1 0.28 3.3 0.14 0.09 0.32 2.5 0.19 0.14 0.91 3.8 0.26 0.15 0.61 5.5

Sc 0.04 0.03 0.11 0.05 0.16 1.8 0.12 0.02 0.23 2.0 0.05 0.01 0.52 0.3 0.16 0.08 0.29 3.0 0.26 0.19 0.44 5.5

Sm 0.007 0.005 0.07 0.04 0.12 9.0 0.05 0.03 0.12 6.1 0.06 0.02 0.23 7.6 0.1 0.05 0.14 13.3 0.2 0.14 0.29 27.6

Sn 0.02 0.01 0.18 0.03 0.31 8.0 0.22 0.06 0.47 10.0 0.15 0.06 0.41 6.5 0.24 0.1 0.4 11.0 0.36 0.17 0.87 17.0

Sr 7.1 0.7 15 9 23 1.1 17 12 21 1.4 15 11 18 1.1 16 9.5 20 1.3 19 13 22 1.7

Tb 0.004 0.003 0.0088 0.0044 0.0141 1.2 0.0017 0.0001 0.0117 -0.6 0.0026 0.0001 0.045 -0.4 0.0137 0.009 0.0306 2.4 0.02 0.0105 0.038 4.0

Th 0.0107 0.0001 0.08 0.04 0.14 6.5 0.08 0.05 0.18 6.5 0.07 0.03 0.34 5.5 0.14 0.07 0.19 12.1 0.26 0.17 0.36 23.3

Ti 5.4 0.7 15 5 20 1.8 24 14 37 3.4 22 9 61 3.1 38 15 58 6.0 70 51 95 12.0

Tm 0.0006 0.0002 0.004 0.002 0.013 5.7 0.003 0.001 0.006 4.0 0.003 0.002 0.012 4.0 0.005 0.003 0.022 7.3 0.01 0.008 0.019 15.7

V 0.5 0.1 1.3 0.7 1.7 1.6 1.3 0.9 2.1 1.6 1.1 0.7 4.9 1.2 1.8 1.1 2.4 2.6 3.0 2.2 4.1 5.0

Y 0.055 0.008 0.24 0.13 0.35 3.4 0.21 0.12 0.38 2.8 0.21 0.1 0.84 2.8 0.33 0.18 0.44 5.0 0.67 0.46 0.9 11.2

Yb 0.003 0.001 0.02 0.01 0.03 5.7 0.01 0.01 0.03 2.3 0.02 0.01 0.06 5.7 0.03 0.01 0.04 9.0 0.05 0.04 0.07 15.7

Zn 25 5 40 28 595 0.7 61 30 203 1.2 52 28 206 1.1 49 29 164 1.0 72 40 293 1.8

S. girgensohnii

Element
Initial 1M2 2M2 3M2 M4 M6
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Mean SD Median Min Max RAF Median Min Max RAF Median Min Max RAF Median Min Max RAF Median Min Max RAF

Al 547 30 878 669 1349 0.6 844 622 1019 0.5 845 713 1228 0.5 1225 898 1836 1.2 1524 1016 2166 1.8

As 0.15 0.02 0.52 0.37 0.72 2.5 0.42 0.26 0.57 1.8 0.37 0.24 0.57 1.5 0.53 0.30 0.87 2.5 0.72 0.37 1.13 3.8

Ba 21 1 22 19 25 0.0 26 20 34 0.2 25 21 37 0.2 28 26 41 0.3 34 29 42 0.6

Ca 5176 190 6073 5332 6865 0.2 6862 5569 7427 0.3 6472 5276 9135 0.3 7406 6515 8659 0.4 7244 5056 8594 0.4

Cd 0.2 0.1 0.317 0.245 0.491 0.6 0.298 0.234 0.407 0.5 0.279 0.225 0.414 0.4 0.335 0.270 0.555 0.7 0.288 0.217 0.391 0.4

Ce 1.1 0.1 1.06 0.72 1.76 0.0 1.66 1.22 2.23 0.5 1.34 1.06 2.51 0.2 2.50 1.66 4.29 1.3 3.18 1.92 4.67 1.9

Co 0.26 0.03 0.53 0.33 0.76 1.0 0.41 0.26 0.54 0.6 0.4 0.34 0.57 0.5 0.64 0.46 1.23 1.5 0.71 0.42 0.99 1.7

Cr 0.67 0.1 1.8 1.2 6.2 1.7 1.7 1.0 5.5 1.5 1.8 1.3 3.5 1.7 2.52 1.54 11.8 2.8 2.9 1.6 14.5 3.3

Cu 4.3 0.7 45 11 165 9.5 6.6 4.3 42 0.5 9.6 6.6 21 1.2 23 8.9 161 4.3 25 14 205 4.8

Dy 0.058 0.001 0.11 0.07 0.19 0.9 0.09 0.06 0.13 0.6 0.08 0.07 0.16 0.4 0.14 0.10 0.27 1.4 0.17 0.11 0.25 1.9

Er 0.0274 0.0002 0.05 0.03 0.09 0.8 0.04 0.03 0.07 0.5 0.04 0.03 0.08 0.5 0.06 0.04 0.13 1.2 0.08 0.05 0.12 1.9

Eu 0.012 0.001 0.03 0.02 0.05 1.5 0.02 0.02 0.03 0.7 0.02 0.02 0.03 0.7 0.03 0.02 0.06 1.5 0.05 0.03 0.07 3.2

Fe 471 4 839 607 1196 0.8 857 573 1193 0.8 788 623 1022 0.7 1163 757 2137 1.5 1407 856 2458 2.0

Ga 0.27 0.03 0.39 0.27 0.58 0.4 0.48 0.38 0.64 0.8 0.38 0.29 0.65 0.4 0.66 0.47 0.26 1.4 0.70 0.45 1.14 1.6

Gd 0.0064 0.0002 0.14 0.09 0.23 20.9 0.11 0.08 0.16 16.2 0.10 0.08 0.18 14.6 0.16 0.10 0.32 24.0 0.21 0.13 0.31 31.8

Ho 0.01 0.0003 0.02 0.01 0.04 1.0 0.02 0.01 0.02 1.0 0.02 0.01 0.03 1.0 0.02 0.02 0.05 1.0 0.03 0.02 0.05 2.0

La 0.5 0.03 0.78 0.53 1.29 0.6 0.74 0.53 0.99 0.5 0.58 0.43 1.21 0.2 1.15 0.77 2.00 1.3 1.41 0.86 2.11 1.8

Li 0.02 0.01 0.05 0.0003 0.21 1.5 0.04 0.03 0.10 1.0 0.04 0.03 0.10 1.0 0.07 0.05 0.15 2.5 0.07 0.05 0.23 2.5

Lu 0.0032 0.0003 0.010 0.0035 0.010 2.1 0.004 0.002 0.008 0.3 0.002 0.001 0.007 -0.4 0.008 0.004 0.014 1.5 0.01 0.005 0.01 2.1

Mg 1349 64 1427 1244 1645 0.1 1450 1164 1582 0.1 1468 1229 2403 0.1 1480 1264 1701 0.1 1486 1108 2843 0.1

Mn 70 9 92 71 137 0.3 96 77 474 0.4 97 68 470 0.4 171 77 547 1.4 168 76 348 1.4

Nd 0.36 0.01 0.77 0.49 1.23 1.1 0.64 0.43 0.87 0.8 0.58 0.43 0.98 0.6 0.95 0.62 1.76 1.6 1.21 0.75 1.84 2.4

Ni 0.8 0.3 5.7 1.4 36 6.1 1.3 0.2 9.6 0.6 4.5 1.9 23 4.6 2.7 1.5 5.3 2.4 3.1 1.3 6.9 2.9

Pb 2.0 0.4 5.12 3.58 8.06 1.6 3.48 2.47 4.93 0.7 4.29 3.3 9.35 1.1 5.3 3.8 7.0 1.7 5.09 3.07 6.64 1.5

Pr 0.096 0.003 0.20 0.13 0.33 1.1 0.16 0.12 0.24 0.7 0.14 0.11 0.26 0.5 0.24 0.16 0.45 1.5 0.33 0.19 0.49 2.4

Sb 0.04 0.03 0.11 0.06 0.19 1.8 0.13 0.07 0.37 2.3 0.12 0.07 0.34 2.0 0.18 0.10 0.30 3.5 0.17 0.01 0.37 3.3

Sc 0.044 0.02 0.16 0.11 0.24 2.6 0.14 0.08 0.20 2.2 0.10 0.04 0.19 1.3 0.25 0.13 0.37 4.7 0.29 0.17 0.53 5.6

Sm 0.0758 0.004 0.16 0.10 0.26 1.1 0.12 0.08 0.18 0.6 0.11 0.08 0.19 0.5 0.19 0.12 0.35 1.5 0.24 0.15 0.36 2.2

Sn 0.1 0.2 0.13 0.02 0.29 0.3 0.21 0.04 0.44 1.1 0.16 0.04 0.82 0.6 0.23 0.08 0.48 1.3 0.29 0.07 0.59 1.9

Sr 19 0.8 21 18 24 0.1 21 17 24 0.1 22 15 28 0.2 25 23 29 0.3 23 16 29 0.2

Tb 0.0063 0.0002 0.02 0.01 0.03 2.2 0.01 0.01 0.02 0.6 0.01 0.01 0.02 0.6 0.02 0.02 0.05 2.2 0.03 0.02 0.08 3.8

Th 0.11 0.02 0.17 0.11 0.33 0.5 0.18 0.14 0.25 0.6 0.15 0.11 0.29 0.4 0.27 0.17 0.45 1.5 0.32 0.19 0.51 1.9

Ti 25 3 20 9 34 -0.2 39 25 50 0.6 35 26 64 0.4 56 33 76 1.2 71 51 99 1.8

Tm 0.004 0.002 0.007 0.005 0.012 0.8 0.006 0.004 0.009 0.5 0.006 0.005 0.011 0.5 0.009 0.005 0.017 1.3 0.012 0.007 0.017 2.0

V 1.1 0.02 1.99 1.56 2.97 0.8 1.99 1.59 2.56 0.8 1.8 1.4 2.37 0.6 2.63 1.9 3.63 1.4 3.0 2.1 4.5 1.7

Y 0.30 0.02 0.55 0.36 0.94 0.8 0.47 0.33 0.70 0.6 0.41 0.32 0.87 0.4 0.67 0.44 1.31 1.2 0.86 0.56 1.17 1.9

Yb 0.0022 0.0004 0.04 0.03 0.07 17.2 0.03 0.02 0.05 12.6 0.03 0.03 0.06 12.6 0.05 0.03 0.10 21.7 0.07 0.04 0.1 30.8

Zn 19 1 40 24 132 1.1 29 24 73 0.47 30 23 91 0.6 34 26 63 0.8 35 22 79 2.6

H. cupressiforme

Element

Initial 1M2 2M2 3M2 M4 M6
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Table 8.5.2 Spearman’s correlation coefficients (p < 0.05) between the element concentrations within the studied moss species (S. girgensohnii and H. cupressiforme) 

exposed for 2, 4 and 6 months (Experiment 4; Milićević et al., 2017b) 

 

S.g. H.c. S.g. H.c. S.g. H.c. S.g. H.c. S.g. H.c. S.g. H.c. S.g. H.c. S.g. H.c. S.g. H.c. S.g. H.c. S.g. H.c. S.g. H.c. S.g. H.c. S.g. H.c. S.g. H.c. S.g. H.c. S.g. H.c. S.g. H.c. S.g. H.c. S.g. H.c.

Al Al As As Ba Ba Ca Ca Cd Cd Co Co Cr Cr Cu Cu Fe  Fe  Li Li Mg Mg Mn Mn Ni Ni Pb Pb Sb Sb Sn Sn Sr Sr Ti Ti V V Zn Zn 

S.g. Al 1.00

H.c. Al 0.56 1.00

S.g. As 0.90 0.55 1.00

H.c. As 0.46 0.75 0.47 1.00

S.g. Ba 0.52 0.22 0.37 0.11 1.00

H.c. Ba 0.41 0.70 0.36 0.38 0.26 1.00

S.g. Ca 0.61 0.30 0.47 0.20 0.78 0.31 1.00

H.c. Ca 0.28 0.55 0.23 0.28 0.17 0.70 0.23 1.00

S.g. Cd 0.28 0.02 0.12 -0.04 0.80 -0.01 0.61 0.07 1.00

H.c. Cd -0.06 0.17 0.00 0.20 -0.27 0.10 -0.20 0.21 -0.13 1.00

S.g. Co 0.80 0.55 0.75 0.32 0.40 0.53 0.57 0.28 0.12 -0.06 1.00

H.c. Co 0.51 0.86 0.53 0.76 0.07 0.51 0.14 0.39 -0.01 0.42 0.44 1.00

S.g. Cr 0.72 0.44 0.64 0.33 0.59 0.37 0.58 0.19 0.40 -0.23 0.68 0.36 1.00

H.c. Cr 0.37 0.66 0.35 0.56 0.28 0.49 0.27 0.32 0.10 -0.06 0.41 0.56 0.70 1.00

S.g. Cu 0.41 0.17 0.36 0.24 0.17 -0.11 0.22 -0.10 0.23 0.20 0.28 0.33 0.20 -0.01 1.00

H.c. Cu 0.40 0.49 0.37 0.50 -0.16 0.24 0.02 0.14 -0.21 0.31 0.39 0.60 0.21 0.26 0.56 1.00

S.g. Fe  0.94 0.52 0.84 0.42 0.65 0.46 0.69 0.29 0.35 -0.15 0.79 0.43 0.82 0.48 0.29 0.25 1.00

H.c. Fe  0.54 0.93 0.52 0.74 0.32 0.69 0.37 0.55 0.08 0.09 0.55 0.80 0.56 0.81 0.11 0.37 0.57 1.00

S.g. Li 0.73 0.39 0.76 0.34 0.34 0.24 0.39 0.16 0.15 -0.01 0.63 0.37 0.50 0.21 0.41 0.33 0.66 0.33 1.00

H.c. Li 0.41 0.76 0.43 0.69 0.02 0.40 0.11 0.34 -0.14 0.30 0.36 0.78 0.19 0.39 0.24 0.52 0.31 0.69 0.34 1.00

S.g. Mg 0.17 0.14 0.18 0.07 -0.10 0.31 -0.10 0.18 -0.37 -0.12 0.37 0.08 0.14 0.11 -0.05 0.21 0.17 0.15 0.07 0.08 1.00

H.c. Mg 0.02 0.25 0.05 0.05 0.03 0.12 0.19 0.11 0.04 -0.26 0.06 0.09 0.12 0.17 -0.21 -0.12 0.06 0.23 -0.05 0.07 -0.25 1.00

S.g. Mn 0.05 -0.07 -0.09 -0.06 0.63 -0.14 0.44 -0.06 0.62 -0.16 0.05 -0.14 0.20 0.10 0.10 -0.22 0.14 0.04 -0.06 -0.13 -0.12 -0.15 1.00

H.c. Mn 0.19 0.49 0.21 0.28 0.04 0.70 0.04 0.49 -0.19 0.39 0.28 0.49 0.03 0.22 -0.10 0.23 0.19 0.45 0.10 0.37 0.23 -0.11 -0.09 1.00

S.g. Ni 0.55 0.32 0.55 0.36 0.11 0.11 0.16 -0.01 -0.04 -0.05 0.54 0.36 0.44 0.25 0.34 0.49 0.48 0.27 0.48 0.26 0.16 0.06 -0.16 -0.04 1.00

H.c. Ni 0.10 0.10 0.06 0.18 -0.02 0.00 -0.12 -0.20 0.04 0.00 0.11 0.17 0.21 0.19 0.25 0.37 0.06 0.05 -0.07 -0.04 0.04 0.03 -0.01 -0.03 0.39 1.00

S.g. Pb 0.64 0.40 0.61 0.33 0.45 0.40 0.45 0.21 0.22 -0.02 0.58 0.34 0.52 0.22 0.27 0.27 0.66 0.37 0.48 0.32 0.24 -0.04 0.03 0.19 0.30 0.06 1.00

H.c. Pb 0.12 0.58 0.15 0.61 -0.25 0.23 -0.24 0.14 -0.21 0.35 0.10 0.70 0.04 0.36 0.16 0.56 0.02 0.51 0.11 0.58 0.08 0.12 -0.22 0.28 0.29 0.35 0.05 1.00

S.g. Sb 0.65 0.54 0.69 0.39 0.37 0.50 0.52 0.46 0.21 0.09 0.56 0.46 0.47 0.26 0.13 0.19 0.64 0.49 0.52 0.35 0.12 0.15 -0.10 0.29 0.29 0.00 0.62 0.18 1.00

H.c. Sb 0.35 0.61 0.33 0.49 0.17 0.55 0.35 0.57 0.15 0.17 0.29 0.53 0.27 0.42 -0.02 0.15 0.34 0.61 0.28 0.46 0.03 0.16 -0.14 0.29 -0.01 -0.13 0.38 0.34 0.63 1.00

S.g. Sn 0.76 0.48 0.71 0.37 0.43 0.38 0.59 0.39 0.32 0.01 0.61 0.44 0.49 0.16 0.36 0.32 0.70 0.42 0.59 0.41 0.12 0.08 0.07 0.13 0.34 -0.01 0.63 0.06 0.71 0.46 1.00

H.c. Sn 0.22 0.57 0.20 0.35 0.19 0.64 0.35 0.55 0.11 0.10 0.34 0.40 0.24 0.41 -0.12 0.15 0.25 0.54 0.17 0.36 0.09 0.21 0.04 0.39 -0.06 -0.01 0.26 0.24 0.39 0.56 0.33 1.00

S.g. Sr 0.51 0.18 0.38 0.20 0.71 0.06 0.73 -0.02 0.56 -0.18 0.43 0.07 0.47 0.20 0.25 0.07 0.55 0.25 0.26 0.12 -0.01 -0.03 0.59 -0.05 0.22 0.12 0.37 -0.14 0.27 -0.01 0.42 0.14 1.00

H.c. Sr 0.18 0.43 0.13 0.14 0.01 0.62 0.05 0.83 -0.05 0.19 0.22 0.31 0.13 0.22 -0.10 0.16 0.15 0.37 0.10 0.24 0.20 0.15 -0.14 0.42 0.04 -0.14 0.13 0.11 0.30 0.37 0.18 0.45 -0.18 1.00

S.g. Ti 0.81 0.58 0.70 0.30 0.64 0.65 0.67 0.49 0.42 -0.13 0.71 0.40 0.69 0.38 0.18 0.14 0.82 0.56 0.58 0.30 0.17 0.15 0.12 0.31 0.25 -0.03 0.62 -0.02 0.68 0.50 0.76 0.47 0.37 0.39 1.00

H.c. Ti 0.48 0.78 0.46 0.44 0.46 0.79 0.48 0.57 0.23 0.02 0.55 0.53 0.45 0.54 0.03 0.15 0.54 0.75 0.33 0.45 0.17 0.22 0.13 0.50 0.05 -0.02 0.43 0.19 0.57 0.58 0.50 0.73 0.25 0.43 0.76 1.00

S.g. V 0.96 0.57 0.86 0.43 0.60 0.49 0.69 0.33 0.35 -0.10 0.82 0.48 0.75 0.38 0.36 0.34 0.93 0.56 0.70 0.39 0.19 0.05 0.12 0.22 0.48 0.06 0.67 0.08 0.69 0.39 0.80 0.31 0.51 0.21 0.88 0.59 1.00

H.c. V 0.55 0.95 0.55 0.81 0.19 0.66 0.30 0.58 -0.01 0.25 0.48 0.86 0.35 0.60 0.16 0.48 0.50 0.91 0.40 0.80 0.11 0.17 -0.09 0.50 0.25 -0.02 0.40 0.56 0.55 0.67 0.51 0.57 0.14 0.40 0.54 0.73 0.55 1.00

S.g. Zn 0.33 0.01 0.22 0.10 0.68 -0.09 0.48 0.02 0.79 -0.11 0.14 0.05 0.40 0.10 0.41 -0.06 0.37 0.08 0.22 -0.09 -0.19 -0.15 0.55 -0.27 0.19 0.17 0.24 -0.14 0.21 0.06 0.38 -0.05 0.49 -0.12 0.33 0.13 0.35 0.00 1.00

H.c. Zn 0.14 0.26 0.09 0.27 -0.06 0.33 0.04 0.10 -0.11 0.22 0.21 0.35 0.18 0.30 0.19 0.51 0.11 0.29 -0.04 0.16 0.00 -0.03 -0.02 0.41 0.21 0.58 0.13 0.36 0.02 0.01 0.08 0.27 0.14 0.13 0.05 0.13 0.12 0.24 -0.11 1.00
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Table 8.5.3 Spearman’s correlation coefficients (p<0.01) between the REE concentrations in the studied moss species exposed for 2, 4 and 6 months (Experiment 4; 

Milićević et al., 2017b) 

Ce Dy Er Eu Ga Gd Ho La Lu Nd Pr Sc Sm Tb Th Tm Y Yb

Ce 1.00

Dy 0.79 1.00

Er 0.80 0.99 1.00

Eu 0.84 0.98 0.97 1.00

Ga 0.93 0.85 0.84 0.88 1.00

Gd 0.79 0.99 0.99 0.98 0.84 1.00

Ho 0.78 0.98 0.99 0.97 0.82 0.98 1.00

La 0.89 0.95 0.95 0.97 0.92 0.95 0.94 1.00

Lu 0.72 0.92 0.92 0.90 0.74 0.91 0.92 0.90 1.00

Nd 0.84 0.98 0.98 0.99 0.89 0.99 0.97 0.97 0.89 1.00

Pr 0.84 0.98 0.98 0.99 0.89 0.99 0.98 0.97 0.89 1.00 1.00

Sc 0.82 0.85 0.85 0.88 0.90 0.85 0.83 0.92 0.83 0.87 0.87 1.00

Sm 0.82 0.99 0.98 0.99 0.87 0.99 0.98 0.96 0.90 0.99 0.99 0.86 1.00

Tb 0.71 0.89 0.89 0.89 0.71 0.90 0.90 0.89 0.96 0.88 0.88 0.84 0.89 1.00

Th 0.90 0.96 0.95 0.97 0.93 0.95 0.95 0.98 0.87 0.98 0.98 0.90 0.97 0.85 1.00

Tm 0.73 0.85 0.86 0.84 0.73 0.85 0.85 0.84 0.84 0.85 0.85 0.79 0.84 0.83 0.84 1.00

Y 0.83 0.99 0.99 0.98 0.88 0.98 0.98 0.96 0.90 0.99 0.99 0.86 0.98 0.88 0.97 0.84 1.00

Yb 0.82 0.98 0.99 0.97 0.85 0.98 0.98 0.95 0.92 0.98 0.98 0.85 0.98 0.89 0.96 0.86 0.99 1.00

Ce Dy Er Eu Ga Gd Ho La Lu Nd Pr Sc Sm Tb Th Tm Y Yb

Ce 1.00

Dy 0.77 1.00

Er 0.78 0.99 1.00

Eu 0.78 0.96 0.96 1.00

Ga 0.94 0.81 0.81 0.81 1.00

Gd 0.77 0.99 0.98 0.97 0.80 1.00

Ho 0.77 0.99 0.98 0.95 0.80 0.98 1.00

La 0.87 0.96 0.96 0.97 0.89 0.96 0.94 1.00

Lu 0.72 0.94 0.94 0.94 0.77 0.94 0.92 0.93 1.00

Nd 0.80 0.98 0.98 0.98 0.83 0.99 0.97 0.98 0.92 1.00

Pr 0.82 0.98 0.98 0.98 0.85 0.99 0.97 0.98 0.93 1.00 1.00

Sc 0.71 0.76 0.76 0.81 0.72 0.78 0.74 0.83 0.82 0.79 0.80 1.00

Sm 0.78 0.98 0.98 0.98 0.80 0.99 0.97 0.97 0.93 0.99 0.99 0.79 1.00

Tb 0.71 0.94 0.94 0.94 0.75 0.95 0.92 0.94 0.96 0.94 0.94 0.85 0.95 1.00

Th 0.90 0.89 0.90 0.90 0.92 0.89 0.89 0.95 0.85 0.92 0.93 0.80 0.90 0.84 1.00

Tm 0.78 0.97 0.97 0.94 0.80 0.96 0.97 0.94 0.91 0.96 0.95 0.74 0.95 0.91 0.88 1.00

Y 0.79 0.99 0.99 0.96 0.83 0.99 0.98 0.96 0.93 0.98 0.98 0.75 0.98 0.93 0.91 0.97 1.00

Yb 0.78 0.98 0.98 0.95 0.81 0.98 0.98 0.94 0.92 0.97 0.97 0.76 0.97 0.92 0.90 0.97 0.98 1.00

S. girgensohnii

H. cupressiforme



Appendix, Appendix 6, Experiment 5 

233 
 

8.6 Appendix 6: Experiment 5 

 

 

 

Table 8.6.1 Descriptive statistics (Median–M, Minimum–Min, Maximum–Max and Standard Deviation–SD) of pseudo-total element concentrations (mg kg-1) in the 

soil samples 

 
Al As B Ba Be Bi Ca Cd Co Cr Cu Fe K Li Mg Mn Na Ni P Pb S Sb Si Sr V Zn 

Organic soil layer O (0-5 cm)  

M 57061 19 64 316 3.4 0.27 66075 0.17 18 123 29 33206 2234 25 9775 771 23002 90 629 40 198 0.32 2487 145 80 84 

Min 47246 16 43 279 3.1 0.24 33389 0.14 18 102 23 31373 2031 22 7857 635 15682 66 416 36 44 0.28 1901 97 70 73 

Max 74121 23 1319 393 3.8 0.35 107325 0.24 22 138 49 38273 2967 35 12333 993 68647 123 1342 50 314 0.39 5781 224 95 103 

SD 9359 3 590 41 0.2 0.03 23481 0.03 2 13 8 2165 262 4 1576 121 22744 18 273 4 88 0.04 1520 49 6 8 

Topsoil A (0-30 cm)  

M 63524 22 47 290 3.3 0.27 64910 0.17 19 119 36 33445 1778 31 9635 783 11725 101 401 41 111 0.29 847 144 73 85 

Min 49800 16 25 152 2.3 0.22 36565 0.15 17 84 23 26383 892 23 7546 562 5523 74 328 28 7 0.15 347 64 49 60 

Max 73534 24 1176 447 4.1 0.35 114405 0.23 23 147 73 38663 2625 37 11110 980 52657 119 735 57 317 0.45 4604 248 93 95 

SD 7024 3 292 81 0.4 0.04 25931 0.02 2 16 13 3297 486 4 1260 145 18458 15 136 7 99 0.08 1528 53 11 10 

Subsoil/Control sample (30-60 cm)  

M 71968 23 44 222 3.1 0.24 77552 0.24 20 118 37 32905 1610 42 9252 710 10060 119 401 36 58 0.22 714 121 70 81 

Min 56214 16 36 192 2.5 0.23 30355 0.14 17 90 22 27416 1354 29 7107 636 9233 103 297 30 19 0.19 566 87 56 63 

Max 77306 25 51 314 3.6 0.32 109346 0.56 21 128 43 37819 2133 44 9792 970 15259 142 500 44 164 0.31 748 214 84 94 

SD 8894 4 5 49 0.5 0.04 29536 0.17 2 16 8 4430 308 7 1080 152 2441 15 78 6 63 0.05 83 48 11 12 

*MAC 
       

3 
 

100 100 
      

50 
 

100 
     

300 
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Table 8.6.2 Spearman’s correlation analysis between the element concentrations obtained in the soil samples 

 

 Al As B Ba Be Bi Ca Cd Co Cr Cu Fe K Li Mg Mn Na Ni P Pb S Sb Si Sr V Zn 

Al                           

As 0.75                          

B                           

Ba  0.56                         

Be  0.63  0.84                       

Bi  0.55   0.67                      

Ca      -0.66                     

Cd      0.89 -0.50                    

Co  0.54   0.58 0.74 -0.69 0.56                   

Cr 0.52 0.90  0.76 0.79 0.61 -0.23  0.52                  

Cu      0.82 -0.59 0.82                   

Fe  0.52   0.76 0.88 -0.82 0.72 0.78 0.55 0.76                

K  0.66  0.91 0.82 0.51 -0.30   0.88                 

Li 0.87 0.61    0.68 -0.44 0.67 0.61  0.53 0.73               

Mg  0.69    0.61 -0.25  0.58 0.76   0.70              

Mn      0.84 -0.67 0.82 0.77  0.77 0.85  0.62             

Na    0.90 0.60     0.65   0.82              

Ni 0.64             0.63             

P   0.54   0.86  0.84 0.60  0.64 0.68  0.60 0.59 0.77           

Pb  0.64  0.86 0.95 0.69 -0.54 0.53 0.57 0.87  0.65 0.88  0.60  0.69  0.52        

S   0.54   0.76  0.78   0.67 0.56  0.63 0.53 0.64  0.53 0.92        

Sb  0.56  0.99 0.84     0.76   0.91    0.90   0.86  1.00     

Si   0.53 0.79         0.73    0.92   0.56  0.79 1.00    

Sr  0.57             0.60  0.38     0.22 0.25 1.00   

V  0.65  0.86 0.95 0.68 -0.62 0.47 0.60 0.84  0.73 0.92  0.67  0.65  0.54 0.93  0.86 0.56 0.16 1.00  

Zn  0.53  0.54 0.76 0.89 -0.81 0.67 0.80 0.56 0.67 0.90 0.63 0.66 0.57 0.72   0.76 0.69 0.67 0.54 0.13 -0.10 0.74 1 

p<0.01 

p<0.05 
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Table 8.6.3 Descriptive statistics (Median–M, Minimum–Min, Maximum–Max and Standard Deviation–SD) of the element concentrations (mg kg-1) extracted from 

the soil samples using deionised H2O procedures and Mobility factor (MF%) 

 

 

 
deionised H2O 2h deionised H2O 16 h 

   
 

M Min Max SD MF% M Min Max SD MF% 

Al 1.93 1.8 1.96 0.03 0.00013 1.93 1.77 1.99 0.04 0.0001 

As 8.5 1.8 41 8 / 5.18 2.61 21.03 3.6 / 

B <DL / / <DL / / 

Ba 0.5 0.3 1.1 0.2 0.002 0.43 0.14 0.92 0.19 0.0016 

Be 0.002 0.0004 0.005 0.001 0.00047 0.00145 0.00003 0.00303 0.00074 0.0004 

Ca 290 191 711 141 0.0057 394 141 666 114 0.0069 

Cd 0.0008 0.0003 0.0026 0.0003 0.0046 0.0008 0.0006 0.0014 0.0002 0.0046 

Co 0.0054 0.0009 0.0262 0.006 0.00037 0.0036 0.0001 0.0168 0.004 0.0004 

Cr 0.028 0.007 0.224 0.04 0.00027 0.022 0.008 0.053 0.009 0.0002 

Cu 0.24 0.01 0.67 0.2 0.004 0.14 0 0.98 0.25 0.002 

Fe 3.88 0.86 25.94 5.5 0.00012 2.42 0.38 13.2 2.28 0.0001 

K 15 5 128 30 0.00638 13 4 140 34 0.0059 

Li 0.044 0.009 0.079 0.03 0.001 0.038 0.007 0.091 0.028 0.0009 

Mg 20 9 68 14 0.0028 25 11 58 13 0.0031 

Mn 0.34 0.17 1.29 0.3 0.00042 0.36 0.09 1.15 0.25 0.0004 

Mo <DL / / <DL / / 

Na 8.7 1.2 86.4 20.5 0.0006 9.5 2.7 102.3 23 0.0009 

Ni 0.07 0.02 0.2 0.05 0.0007 0.06 0.01 0.17 0.05 0.0006 

P 2.06 0.8 17.6 3.4 0.006 1.76 0.5 16.21 3.36 0.0036 

Pb 0.06 0.004 0.52 0.09 0.001 0.05 0.01 0.12 0.03 0.0011 

S 6.63 1.45 29.2 6.4 0.04 6.28 0.01 31.83 6.64 0.0414 

Sb <DL / / <DL / / 

Si <DL / / <DL / / 

Sr 0.75 0.4 2.2 0.46 0.0045 0.94 0.44 2.04 0.42 0.0053 

V 0.02 0.01 0.1 0.02 0.00032 0.02 0.01 0.06 0.01 0.0002 

Zn 0.01 0 2.67 0.79 0.00002 0.501 0.001 4.413 1.433 0.0077 
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Table 8.6.4 Descriptive statistics (Median–M, Minimum–Min, Maximum–Max and Standard Deviation–SD) of the element concentrations (mg kg-1) extracted from 

the soil samples using different weak salt solutions as single extraction procedures and Mobility factor (MF%) 

 

 
0.01 mol L-1 CaCl2 0.1 mol L-1 BaCl2 1 mol L-1 NH4NO3 1 mol L-1 NaNO3 

 
M Min Max SD MF% M Min Max SD MF% M Min Max SD MF% M Min Max SD MF% 

Al 2.48 1.02 8.64 1.52 0.00005 0.18 0.06 0.79 0.14 0.000003 3.89 0.01 12.74 2.85 0.0001 1.29 0.15 5.28 1.23 0.00002 

As <DL / / <DL / / <DL / / <DL / / 

B <DL / / 0.21 0.01 2.68 0.61 0.0045 <DL / / 0.59 0.01 8.33 2.12 0.004 

Ba 2.15 1.52 3.14 0.44 0.00813 <DL / / 30 25 41 5 1.4 <DL / / 

Be <DL / / <DL / / <DL / 0.0004 <DL / 0.0008 

Ca / 6094 4805 7626 704 0.12 3814 3169 5387 444 0.91 867 704 1014 78 0.014 

Cd 0.001 0.00002 0.0011 0.0004 0.004 0.004 0.0002 0.007 0.003 0.018 <DL / / 0.006 0.002 0.042 0.01 0.033 

Co <DL / 0.00009 0.0097 0.00001 0.041 0.011 0.0006 <DL / / 0.008 0.008 0.092 0.023 0.0005 

Cr 0.004 0.001 0.03 0.007 0.00003 <DL / / 0.015 0.003 0.029 0.007 0.0001 0.005 0.001 0.091 0.016 0.00005 

Cu <DL / / <DL / / 0.16 0.04 0.28 0.08 0.0047 0.12 0.01 3.5 0.8 0.003 

Fe 0.02 0.02 4.96 1.03 0.000001 <DL / / 2.92 0.33 7.84 1.85 0.0001 0.99 0.01 4.52 1.11 0.00005 

K 39 12 297 69 0.022 76 11 614 149 0.0357 109 25 567 123 0.76 0.02 0.02 81.91 17.75 0.00001 

Li 0.07 0.017 0.13 0.04 0.0015 0.12 0.04 0.19 0.05 0.0025 0.12 0.05 0.19 0.05 0.004 0.045 0.012 0.074 0.021 0.001 

Mg 178 82 350 79 0.02 403 171 651 135 0.0399 231 111 458 106 0.36 61 30 127 28 0.006 

Mn 0.26 0.08 0.93 0.23 0.00036 0.58 0.07 0.99 0.2 0.0005 0.46 0.17 1.78 0.41 0.0007 0.17 0.05 0.86 0.22 0.0002 

Mo <DL / / <DL / / <DL / / <DL / / 

Na 13.1 3.7 141 32.1 0.00098 11.6 4 138 32.7 0.001 12.4 3.6 113.3 26.8 0.0005 / 
    

Ni 1.89 0.01 0.18 0.05 0.00045 <DL / / 0.06 0.02 0.13 0.03 0.0007 0.02 0.01 0.09 0.03 0.0002 

P 0.77 0.22 5.42 1.34 0.0023 <DL / / 0.83 0.18 5.25 1.15 0.002 0.35 0.12 4.85 1.01 0.0011 

Pb <DL / / <DL / / 0.011 0.008 0.034 0.005 0.0003 0.14 0.05 1.03 0.3 0.0031 

S 5.97 0.07 32.4 6.46 0.054 <DL / / 6.43 2.97 21.68 4.43 0.055 2.75 0.16 15.61 3.63 0.018 

Sb <DL / / <DL / / <DL / / <DL / / 

Si <DL / / <DL / / <DL / 0.028 3.86 2.22 7.85 1.38 0.0029 

Sr 7.39 4.02 13.1 2.52 0.047 23.7 12.2 30.9 7.4 0.12 13.3 8.1 23 4.7 1.4 2.89 1.76 5.21 0.97 0.019 

V 0.02 0.01 0.05 0.01 0.0003 <DL / / 0.009 0.009 0.031 0.006 0.0001 0.02 0.02 0.07 0.01 0.00032 

Zn 0.54 0.001 5.94 1.15 0.006 <DL / / 0.091 0.0007 0.79 0.18 0.0007 0.0000001 0.0000001 1.63 0.31 0.00003 
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Table 8.6.5 Descriptive statistics (Median–M, Mean, Minimum–Min, Maximum–Max and Standard Deviation–SD) of the element concentrations (mg kg-1) extracted 

from the soil samples using different weak acid solution and complexing agent as single extraction procedures and Mobility factor (MF%) 

 

 
0.11 mol L-1 CH3COOH 0.44 mol L-1 CH3COOH 0.5 mol L-1 Na2EDTA 

 
M Min Max SD MF% M Min Max SD MF% M Min Max SD MF% 

Al 0.0133 0.0001 0.0494 0.0136 0.000001 147 110 200 25 0.002 23 12 114 29 0.0003 

As <DL / / <DL / / <DL / / 

B 1.2 0.002 4.5 1.2 0.01 3.01 0.9 6.19 1.38 0.057 1.44 0.82 9.01 1.9 0.03 

Ba 34.3 0.001 148 30.1 0.12 46.9 37.1 60.3 6.8 0.174 3.01 0.67 5.58 1.1 0.01 

Be 0.0255 0.0009 0.25 0.06 0.001 0.12 0.07 0.19 0.03 0.035 0.024 0.006 0.075 0.02 0.007 

Ca 28292 5483 107718 20906 0.48 3.32 1.24 9.24 2.07 0.0001 18267 16576 20653 952 0.32 

Cd 0.047 0.0007 0.16 0.04 0.19 0.08 0.06 0.12 0.01 0.511 0.07 0.03 0.14 0.03 0.37 

Co 0.12 0.002 0.59 0.17 0.004 0.38 0.11 1.91 0.41 0.032 0.53 0.12 2.96 0.9 0.036 

Cr 0.059 0.002 0.34 0.07 0.0004 0.5 0.26 0.83 0.17 0.004 0.028 0.003 0.074 0.01 0.0002 

Cu 0.025 0.002 2.058 0.395 0.0006 0.75 0.39 3 0.55 0.021 6.5 1.01 27.65 6.3 0.16 

Fe 5.3 0.002 28 7.41 0.0001 31 23 41 4 0.001 46 18 91 19 0.0014 

K 204 0.002 954 229 0.06 201 107 797 164 0.105 6 0.1 236 57 0.0027 

Li 1.04 0.0003 8.84 1.82 0.01 0.47 0.26 0.75 0.15 0.013 0.2 0.11 0.3 0.06 0.0054 

Mg 1148 20 6354 1166 0.10 1152 480 2436 589 0.144 264 184 566 117 0.033 

Mn 70 4 357 66 0.06 117 61 177 33 0.145 65 28 257 65 0.068 

Mo <DL / / <DL / / 0.016 0.015 0.04 0.004 / 

Na 54.93 0.07 255 48.08 0.004 41.2 19.1 183 39.2 0.004 / 

Ni 1.81 0.06 5.48 1.32 0.01 6.12 2.89 9.26 1.9 0.054 3.08 0.94 12.4 2.9 0.025 

P 29 0.02 408 88 0.007 18 0.04 344 78 0.037 0.14 0.14 105.02 19.8 0.0013 

Pb 0.029 0.004 0.127 0.027 0.001 0.43 0.15 1.16 0.23 0.01 3.31 2.16 6.78 1.4 0.08 

S 24.7 0.07 163 31.35 0.16 22 0.07 69 20 0.14 0.75 0.72 22.4 4.7 0.0056 

Sb <DL / / 0.009 0.002 0.097 0.027 0.006 0.07 0.07 0.26 0.06 0.22 

Si 232 45 1103 250 0.145 250 244 203 52 0.12 56.2 41.3 98.9 16.2 0.034 

Sr 79 18 443 81 0.44 85 31.3 163 38.9 0.6 18.1 11.8 32.7 5.4 0.12 

V 0.0133 0.0001 0.0494 0.0136 0.0001 0.11 0.06 0.2 0.03 0.001 0.13 0.02 0.72 0.14 0.0014 

Zn 0.3556 0.001 2.1721 0.531 0.0017 0.54 0.06 3.18 1 0.006 1.04 0.01 6.16 1.43 0.014 
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Table 8.6.6 Descriptive statistics (Median−M, Mean, Minimum-Min, Maximum-Max and Standard Deviation-SD) of the biogeochemical index (BGI) (-) calculated for 

all measured elements in the soil sample 

 Al As B Ba Be Bi Ca Cd Co Cr Cu Fe K Li Mg Mn Na Ni P Pb S Sb Si Sr V Zn 

BGI O/A 

M 0.90 0.91 1.18 0.95 1.00 0.99 0.93 0.95 0.96 1.00 0.92 0.99 1.03 0.89 0.99 0.98 1.04 0.95 1.38 1.01 1.86 0.95 0.91 0.93 1.02 0.99 

Mean 0.99 0.90 14.07 1.01 0.99 0.99 0.92 1.00 0.97 1.01 0.90 0.99 1.25 0.91 1.00 0.99 3.25 0.94 1.42 0.97 2.81 1.01 4.84 0.99 1.06 1.01 

Min 0.85 0.76 0.48 0.74 0.87 0.94 0.70 0.88 0.88 0.87 0.67 0.95 0.96 0.81 0.88 0.82 0.34 0.82 1.04 0.79 0.46 0.74 0.44 0.77 0.93 0.94 

Max 1.37 1.03 48.32 1.36 1.11 1.05 1.18 1.21 1.06 1.21 1.14 1.05 2.07 1.05 1.17 1.13 11.21 1.04 2.02 1.18 7.89 1.36 12.87 1.51 1.31 1.08 

SD 0.17 0.10 17.97 0.26 0.09 0.03 0.15 0.11 0.05 0.11 0.12 0.03 0.38 0.07 0.09 0.09 3.76 0.07 0.26 0.14 2.52 0.26 5.50 0.21 0.12 0.05 

 

Table 8.6.7 Descriptive statistics (Median−M, Minimum-Min, Maximum-Max and Standard Deviation-SD) of CF (-) and PLI (-) calculated for PTEs in the soil sample 

 
Al As B Ba Be Bi Cd Co Cr Cu Fe Mn Ni Pb Sb Sr V Zn PLI 

CF O layer 

M 0.92 0.91 1.46 1.43 1.10 1.07 0.81 0.96 1.12 1.00 1.06 0.98 0.70 1.16 1.43 1.00 1.24 1.06 1.02 

Mean 0.91 0.94 14.13 1.38 1.11 1.06 0.76 0.99 1.12 1.01 1.05 0.99 0.74 1.12 1.38 1.12 1.20 1.05 1.12 

Min 0.61 0.70 1.06 0.90 0.90 0.87 0.24 0.89 0.87 0.72 0.91 0.90 0.60 0.90 0.90 0.80 0.94 0.84 0.86 

Max 1.14 1.33 32.75 1.58 1.28 1.17 1.39 1.12 1.32 1.32 1.16 1.12 0.89 1.21 1.58 1.86 1.37 1.19 1.35 

SD 0.18 0.19 15.39 0.22 0.12 0.09 0.36 0.08 0.13 0.18 0.09 0.07 0.11 0.10 0.22 0.33 0.14 0.11 0.19 

CF A layer 

M 0.90 0.97 1.00 1.18 1.05 1.03 0.85 0.99 1.03 1.12 1.02 0.99 0.83 1.05 1.18 1.11 1.04 1.00 1.02 

Mean 0.92 1.02 2.51 1.25 1.07 1.04 0.78 1.00 1.05 1.10 1.03 1.00 0.82 1.09 1.25 1.18 1.07 1.00 1.02 

Min 0.67 0.78 0.68 0.79 0.90 0.92 0.26 0.90 0.87 0.63 0.91 0.80 0.65 0.91 0.79 0.53 0.87 0.84 0.88 

Max 1.09 1.38 22.98 1.93 1.36 1.19 1.15 1.16 1.34 1.72 1.17 1.24 0.97 1.49 1.93 1.67 1.43 1.14 1.19 

SD 0.11 0.17 5.67 0.36 0.15 0.08 0.30 0.06 0.14 0.26 0.09 0.13 0.11 0.19 0.36 0.31 0.15 0.09 0.09 
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Table 8.6.8 Descriptive statistics (Median−M, Minimum−Min, Maximum−Max and Standard Deviation−SD) of the environmental risk calculated for PTEs (ErAs, 

ErCd, ErCr, ErCu, ErNi, ErPb and ErZn) and total risk (RI) according to concentrations measured in the vineyard soil 

 
ErAs ErCd ErCr ErCu ErNi ErPb ErZn RI 

O layer 

M 4.58 24.29 2.21 4.96 3.52 5.76 1.05 44.35 

Mean 4.69 23.18 2.20 4.94 3.72 5.52 1.04 45.29 

Min 3.49 7.29 1.73 3.58 3.02 4.52 0.84 31.24 

Max 6.66 41.73 2.64 6.58 4.47 6.04 1.19 63.80 

SD 0.90 10.12 0.26 0.89 0.55 0.50 0.11 9.08 

A layer 

M 4.84 25.61 2.05 5.60 4.17 5.26 1.00 46.95 

Mean 5.12 23.35 2.11 5.51 4.10 5.45 1.00 46.63 

Min 3.92 7.82 1.74 3.16 3.25 4.56 0.84 31.56 

Max 6.91 34.56 2.69 8.59 4.86 7.46 1.14 57.22 

SD 0.84 9.13 0.29 1.32 0.55 0.94 0.09 7.83 

 

Table 8.6.9 Descriptive statistics (Median−M, Mean, Minimum−Min, Maximum−Max and Standard Deviation−SD) of bioavailability risk assessment (-) calculated for 

the soil samples using element concentrations extracted by Na2EDTA (regular equation); The BRAIprobable (using concentrations of As, Cd, Cr, Cu, Ni, Pb and Zn) and 

BRAIapparent (using concentrations of As, Cd, Co, Cr, Cu, Mn, Ni, Pb, V and Zn) 

 
BRAIprobable BRAIapparent 

M 2.94 1.68 

Mean 2.96 1.72 

Min 1.00 0.84 

Max 4.43 2.59 

SD 0.76 0.38 

 

Table 8.6.10 Descriptive statistics (Median−M, Mean, Minimum−Min, Maximum−Max and Standard Deviation−SD) of health riks index (non-carcinogenic risk) and 

carcinogenic risk assessed for the workers in the investigated vineyard 

 
HIo HIi HId ΣHI Ro Ri Rd ΣR 

M 0.24 0.0049 0.0065 0.25 3.4E-05 7.2E-07 1.47E-06 3.61E-05 

Mean 0.24 0.0051 0.0063 0.25 3.26E-05 7.06E-07 1.42E-06 3.47E-05 

Min 0.19 0.0043 0.0049 0.20 2.41E-05 5.13E-07 1.09E-06 2.57E-05 

Max 0.28 0.0062 0.0077 0.30 4.04E-05 8.87E-07 1.73E-06 4.30E-05 

SD 0.02 0.0006 0.0009 0.03 4.08E-06 9.01E-08 2.03E-07 4.36E-06 
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Table 8.6.11 Descriptive statistics (Median−M, Minimum−Min, Maximum−Max and Standard Deviation−SD) of the element concentrations (mg kg-1) in the grapevine 

berry and its parts (seed, pulp, skin, whole berry)  

 
Seed Pulp Skin Whole berry 

 
M Min Max SD M Min Max SD M Min Max SD M Min Max SD MAC 

Al 3.6 0.3 6.4 2 5.3 3.6 13.4 3.8 3.9 1.2 37.9 14 1.5 0.3 2.3 1 
 

As 0.05 0.04 0.07 0.01 0.0191 0.017 0.025 0.003 0.0097 0.004 0.016 0.005 0.00028 0.00025 0.00029 0.00002 0.1 

B 11.7 5.8 20.7 6.3 15.7 11.4 20.5 3.7 8.5 7.3 9.6 0.9 3.8 1.1 6.1 1.9 
 

Ba 2.3 1.7 2.9 0.5 0.6 0.3 0.9 0.2 0.57 0.4 1.04 0.26 0.44 0.25 0.9 0.26 
 

Be 0.001 0.001 0.0098 0.0036 0.0007 0.0005 0.001 0.0003 0.0005 0.0005 0.001 0.0002 0.0005 0.0005 0.0008 0.0001 
 

Bi 0.06 0.04 0.20 0.06 0.013 0.008 0.020 0.004 0.00351 0.00013 0.00905 0.00339 0.00013 0.00012 0.09551 0.03894 
 

Ca 2312 2046 2401 143 734 579 959 147 957 856 1107 85 1495 1130 1810 241 
 

Cd 0.04 0.037 0.05 0.005 0.013 0.011 0.017 0.002 0.0032 0.003 0.0042 0.0004 0.0002 0.0002 0.0002 0.00001 0.05 

Co 0.044 0.036 0.059 0.009 0.019 0.013 0.021 0.003 0.009 0.007 0.012 0.002 0.0001 0.0001 0.0024 0.0009 
 

Cr 0.05 0.04 0.09 0.02 0.02 0.01 0.03 0.01 0.01 0 0.03 0.01 0.00032 0.00029 0.00033 0.00002 
 

Cu 5.7 5.1 10.5 2.1 1.7 1.1 2.1 0.4 1.9 1 2.8 0.7 1.4 0.9 2.1 0.5 
 

Fe 6.2 4.5 7.7 1.1 4.6 2.9 5.8 1 4.7 3.5 7.2 1.4 2.4 2 4.3 0.9 
 

K 1543 1368 1854 182 10438 3804 20249 6116 5910 4793 11526 2779 7784 4366 12415 2905 
 

Li 0.007 0.001 0.019 0.008 0.002 0.001 0.009 0.003 0.001 0.001 0.003 0.001 0.00074 0.00065 0.00076 0.00005 
 

Mg 536 503 700 85 428 352 454 38 507 475 531 23 536 437 638 66 
 

Mn 7.3 5 9.2 2.1 1.2 0.6 1.8 0.4 2 1.6 2.6 0.4 2.9 1.4 4.6 1.2 
 

Mo 0.08 0.07 0.12 0.02 0.028 0.026 0.036 0.004 0.017 0.01 0.049 0.016 0 0 0.017 0.007 
 

Na 100 78 123 16 122 109 156 17 88 71 105 12 8.5 6.1 14.1 3.4 
 

Ni 0.8 0.1 7.1 2.7 0.05 0 0.38 0.14 0 0 0.61 0.24 0 0 0.31 0.12 
 

P 1.1 1 1.5 0.2 0.64 0.31 0.75 0.17 0.68 0.6 0.73 0.04 0.92 0.57 1.21 0.23 
 

Pb 0.99 0.93 1.07 0.05 0.85 0 1.08 0.39 0.3 0.25 1.74 0.59 <DL 1 

S <DL <DL <DL <DL 
 

Sb 0.0264 0.0236 0.0389 0.0055 0.0108 0.0099 0.0139 0.0016 0.0045 0.0022 0.0053 0.0011 0.00013 0.00010 0.00019 0.00001 
 

Si <DL <DL <DL <DL 
 

Sr 7.6 5.1 10.5 2 1.4 0.4 1.7 0.5 2.2 1.4 3.2 0.6 2 0.8 2.6 0.7 
 

V 0.023 0.020 0.029 0.003 0.0123 0.008 0.026 0.007 0.009 0.006 0.018 0.004 0.000063 0.000056 0.000065 0.000004 
 

Zn 15.5 9.3 20.4 3.8 1.32 0 3.17 1.17 1.5 0.7 2.4 0.7 0.0028 0.0024 0.0028 0.0002 
 

DL-limit of detection 

MAC-maximum allowable concentrations in the fresh fruit (Official Gazette of Republic of Serbia, prescribed values for fresh fruit) 
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Table 8.6.12 Descriptive statistics (Median−M, Minimum–Min, Maximum–Max and Standard Deviation–SD) of the element concentrations (mg kg-1) in the petiole 

and leaf  

 Petiole Leaf 

 M Min Max SD M Min Max SD 

Al 6.7 0.5 9.7 3.9 59 35 260 52 

As 0.0006 0.0006 0.0122 0.0036 0.05 0.03 0.14 0.03 

B 19 6 22 5 50 26 94 18 

Ba 21 10 26 6 9.7 4 30 5.9 

Be 0.0021 0.0011 0.0108 0.0038 0.0053 0.0034 0.0309 0.0078 

Bi 0.00028 0.00027 0.56824 0.17956 0.0009 0.00082 0.00093 0.00003 

Ca 15361 3679 22995 6849 47337 23077 73021 14698 

Cd 0.0004 0.0004 0.0154 0.0047 0.0067 0.0008 0.042 0.0133 

Co 0.0868 0.0009 0.1929 0.0613 0.042 0.0001 0.1061 0.0328 

Cr 0.01 0 0.37 0.13 0.25 0.15 0.89 0.19 

Cu 6.1 3.8 14 3.4 9.5 3.9 116 27 

Fe 6.4 0.1 9.5 3.1 92 70 197 31 

K 10620 4247 28301 7333 12718 7749 24452 4098 

Li 0.023 0.002 0.155 0.048 0.005 0.005 0.032 0.008 

Mg 3971 773 14731 4723 4501 1845 12763 3110 

Mn 26 8 119 37 115 48 264 58 

Mo 0.143 0.001 0.633 0.188 0.072 0.011 0.282 0.068 

Na 63 28 196 64 23 1 114 43 

Ni 0.47 0.01 2.1 0.84 1.85 0.76 4.37 1.08 

P 1.21 0.26 2.06 0.53 3505 2572 5848 724 

Pb <DL 0.37 0.22 2.26 0.7 

S <DL 3.5 2.6 5.8 0.7 

Sb 0.0002 0.0001 0.003 0.0009 0.03 0.01 0.1 0.02 

Si <DL <DL 

Sr 67 39 139 32 61 20 135 38 

V 0.006 0.0001 0.02 0.01 0.07 0.01 0.46 0.11 

Zn 11 0.01 25 7 21 12 57 13 

DL–limit of detection 
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Table 8.6.13 Median−M values of BAC for each element 

M 
seed/soil seed/soil pulp/soil pulp/soil skin/soil skin/soil berry/soil  berry/soil  petiole/soil  petiole/soil  leaf/soil leaf/soil 

0-5 cm 0-30 cm 0-5 cm 0-30 cm 0-5 cm 0-30 cm 0-5 cm 0-30 cm 0-5 cm 0-30 cm 0-5 cm 0-30 cm 

             Al 6.39E-05 5.68E-05 8.5E-05 7.54E-05 6.65E-05 5.73E-05 2.58E-05 4.05E-05 1.40E-04 1.30E-04 0.001 9.00E-04 

As 0.0027 0.0023 0.001 8.60E-04 5.20E-04 4.60E-04 1.59E-05 1.18E-05 3.42E-05 2.77E-05 0.042 0.04 

B 0.16 0.21 0.25 0.3 0.19 0.16 0.09 0.09 0.33 0.31 1.01 1.07 

Ba 0.007 0.006 0.001 0.001 0.002 0.002 0.001 0.0009 0.08 0.064 0.05 0.04 

Be 3.00E-04 3.00E-04 2.00E-04 2.00E-04 2.00E-04 1.00E-04 2.00E-04 0.0001 6.00E-04 6.00E-04 0.0011 0.0011 

Bi 0.3 0.28 0.047 0.047 0.014 0.014 5.20E-04 0.001 0.001 0.001 0.012 0.013 

Ca 0.039 0.036 0.016 0.014 0.014 0.013 0.024 0.026 0.39 0.35 0.86 0.73 

Cd 0.26 0.24 0.09 0.082 0.021 0.018 0.0013 0.0011 0.0029 0.0026 0.01 0.01 

Co 0.002 0.0024 9.22 E-04 0.000877 0.000438 0.000463 5.54E-06 5.21E-06 0.006 0.006 0.004 0.004 

Cr 4.00 E-04 3.47 E-04 1.36 E-04 1.18 E-04 4.45E-05 3.87E-05 2.76E-06 2.32E-06 6.01E-06 5.53E-06 0.0018 0.0017 

Cu 0.18 0.16 0.05 0.04 0.05 0.04 0.04 0.04 0.26 0.25 0.15 0.13 

Fe 0.000164 1.71 E-04 0.000134 1.27 E-04 1.33 E-04 1.34 E-04 6.89E-05 6.60E-05 2.00 E-04 1.72 E-04 0.003 0.002 

K 0.71 0.7 4.01 3.91 2.57 2.57 3.39 2.79 5.72 5.71 6.18 5.92 

Li 6.34E-05 5.61E-05 3.28E-05 3.07E-05 3.11E-05 2.86E-05 2.87E-05 2.37E-05 / / 2.00E-04 2.0 E-04 

Mg 0.07 0.06 0.044 0.042 0.055 0.05 0.055 0.052 372 325 0.77 0.68 

Mn 0.01 0.01 0.0015 0.0014 0.0026 0.0024 0.0038 0.0034 0.008 0.0071 0.16 0.17 

Mo / / / / / / / / 2.20E-04 2.20E-04 / / 

Na 0.005 0.002 0.007 0.003 0.004 0.002 3.28 E-04 1.78 E-04 0.004 0.001 2.50 E-04 0.0002 

Ni 0.012 0.012 0.001 0.001 2.86E-05 2.57E-05 2.69E-05 2.51E-05 0.0033 0.0033 0.019 0.02 

P 0.002 0.003 7.80E-04 0.0012 0.001 0.0016 0.0014 0.0019 0.0019 0.003 6.02 9.61 

Pb 0.025 0.022 0.022 0.018 0.007 0.006 / / / / 0.009 0.008 

S / / / / / / / / 8.22E-07 / 0.021 0.025 

Sb 0.085 0.067 0.035 0.029 0.015 0.011 2.34 E-04 01.73 E-04 0.02 0.013 0.061 0.051 

Sr 0.049 0.044 0.007 0.006 0.013 0.012 0.009 0.008 0.63 0.57 0.6 0.54 

V 2.98 E-04 2.93 E-04 1.44 E-04 1.34 E-04 8.63E-05 8.17E-05 7.6E-07 7.04E-07 6.13E-05 5.72E-05 7.23E-04 6.84 E-04 

Zn 0.17 0.16 0.01 0.01 0.02 0.02 3.06E-05 3.01E-05 0.15 0.15 0.18 0.17 
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Table 8.6.14 Median−M values of RF 

 

RF (M) 
RF  RF  RF  RF  RF  RF  

leaf/pulp leaf/seed skin/pulp skin/seed petiole/pulp petiole/seed 

       Al 12 24 0.6 1.56 0.68 1.88 

As 2.28 0.77 0.33 0.23 0.03 0.01 

B 2.78 4.95 0.45 0.72 1.02 1.19 

Ba 14 3.3 1.02 0.26 43 11.21 

Be 17.3 16.5 0.95 0.49 2.28 1.08 

Bi 0.07 0.01 0.27 0.05 0.02 0 

Ca 40 13 1.29 0.42 26 8.34 

Cd 1.81 0.61 0.23 0.08 0.03 0.01 

Co 0.04 0.02 0.48 0.2 7.84 2.89 

Cr 0.15 0.05 0.35 0.12 0.06 0.02 

Cu 10 3.18 1.25 0.26 4.68 1.22 

Fe 0.01 0.01 0.98 0.61 22 16 

K 1.55 9.11 0.55 3.62 1.85 8.06 

Mg 0.001 0.001 1.17 0.94 23 19 

Mn 3039 517 1.61 0.28 58.75 8.6 

Mo 3688 1420 0.58 0.25 7.65 2.79 

Na 0.001 0.001 0.71 0.94 0.53 0.73 

Ni 4343 125 0.18 0.01 7.9 0.1 

Li 786 1223 0.26 0.51 32 25 

P 7.78 3.63 1.06 0.62 2.37 1.23 

Pb 1.53 1.39 0.34 0.29 / / 

Sb 338 132 0.38 0.16 0.01 0.01 

Se 4.34 0.78 0.97 0.07 1.79 0.16 

Sr 33 4.3 1.6 0.3 82 10 

V 6.28 3.28 0.62 0.35 0.43 0.22 

Zn 12.5 1.2 1.8 0.1 14.6 1.1 
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Table 8.6.15 Descriptive statistics (Median, Mean, Minimum–Min, Maximum–Max and Standard Deviation–SD) of health risk index (non-carcinogenic risk for adults 

and children) and carcinogenic risk (adjustable) assessed for the grape consumers 

 

 
Adults Children TR adjustable 

 
ΣHI ΣHI ΣR 

parcel 1 0.21 0.29 3.76E-07 

parcel 2 0.13 0.17 4.23E-07 

parcel 3 0.26 0.35 3.69E-07 

parcel 4 0.22 0.32 4.12E-07 

parcel 5 0.25 0.38 4.21E-07 

M 0.22 0.32 4.12E-07 

Min 0.13 0.17 3.69E-07 

Max 0.26 0.38 4.23E-07 

SD 0.05 0.08 2.5743E-08 
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Table 8.6.16 Descriptive statistics (Median–M, Mean, Minimum–Min, Maximum–Max and Standard Deviation–SD) of element concentrations (mg kg-1) measured in 

the moss bags (Spagnum girgenshonii) exposed during 2 months (2M) and 4 months (4M) in the organic vineyard and relative accumulation factor (RAF) 

 
Initial 2M Sphagnum girghenshonii 4M Sphagnum girgenshonii 

 
Mean M Mean Min Max SD RAF M Mean Min Max SD RAF 

Al 89 177 183 149 242 31 0.99 263 278 160 377 81 1.9 

As 0.04 0.08 0.08 0.05 0.11 0.02 1.3 0.16 0.14 0.08 0.21 0.04 3.2 

B 0.47 3 17 2 129 39 6.3 1.6 1.8 0.9 3.1 0.7 2.4 

Ba 7.53 14 14 8 23 5 0.81 14 14 9 16 3 0.84 

Be 0.004 0 0.01 0 0.02 0.01 0.11 0.01 0.01 0 0.03 0.01 0.41 

Bi 0.001 0.001 0.077 0.001 0.759 0.24 0.1 0.001 0.001 0.001 0.001 0.0001 0.11 

Ca 5028 6364 6490 5594 7924 816 0.27 7285 7542 5983 9261 1011 0.45 

Cd 0.06 0.16 0.15 0.07 0.3 0.07 1.7 0.12 0.12 0.08 0.19 0.03 1.01 

Co 0.07 0.15 0.16 0.12 0.25 0.04 1.19 0.22 0.22 0.16 0.29 0.05 2.31 

Cr 0.16 0.57 0.55 0.4 0.8 0.13 2.58 0.71 0.72 0.4 1.09 0.25 3.45 

Cu 2.06 3.48 3.88 2.47 6.05 1.28 0.69 3.01 4.09 1.33 8.24 2.19 0.46 

Fe 88 194 198 164 261 29 1.21 329 380 190 570 147 2.75 

K 15221 5083 5250 2200 7837 1847 -0.67 2308 2753 1211 5012 1545 -0.85 

Li 0.003 0.001 0.01 0.001 0.05 0.02 0.89 0 0.01 0 0.04 0.02 0.91 

Mg 2317 2289 2236 1668 2773 300 -0.01 2886 2866 2590 3183 208 0.25 

Mn 361 452 482 365 680 110 0.25 511 525 395 671 91 0.42 

Mo 0.11 0.12 0.13 0.09 0.26 0.05 0.11 0.09 0.1 0.07 0.14 0.02 -0.14 

Na 73 50 56 35 113 24 -0.31 43 48 34 75 13 -0.4 

Ni 2.03 1.35 2.41 0.56 9.96 2.89 -0.34 2.33 3.49 0.9 10.16 3.2 0.15 

P 2.41 0.97 0.97 0.91 1.05 0.05 -0.6 0.88 0.88 0.8 0.96 0.05 -0.63 

Pb 0.8 1.14 1.15 0.87 1.5 0.18 0.43 1.62 1.94 1.03 4.29 0.99 1.03 

S 2.41 0.97 0.97 0.91 1.05 0.05 -0.6 0.88 0.88 0.8 0.96 0.05 -0.63 

Sb 0.02 0.07 0.14 0.05 0.5 0.16 2.59 0.1 0.18 0.07 0.57 0.17 4.4 

Sr 5.78 9.1 9.87 6.52 17.78 3.39 0.57 9.39 8.96 5.64 10.6 1.71 0.63 

V 0.22 0.61 0.61 0.47 0.86 0.12 1.76 0.89 0.86 0.51 1.2 0.27 3 

Zn 12 50 58 19 132 38 3.02 31 34 17 65 17 1.6 
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8.7 Appendix 7: Experiment 6 

Table 8.7.1 Descriptive statistics (Median–M, Minimum–Min and Maximum–Max) of the total element concentrations (mg kg-1) measured by non-destructive 

analytical method wavelength dispersive X-ray fluorescence spectroscopy (WD-XRF) and magnetic parameters saturation isothermal remanent magnetisation (SIRM) 

(x10-6 A m2 kg-1) and magnetic susceptibility (χ) (m3 kg-1) obtained in the soil samples from commercial and organic vineyards 

 Al Ba Ca Co Cr Cu Fe K Mg Mn Na Ni P Pb Rb S Si Sr Ti V Zn Zr SIRM χ 

Commercial vineyard 

April 

M 63600 447 8055 58 266 49 45800 15550 8144 1085 3045 169 453 46 117 118 279650 92 5195 132 104 386 1219 2.50E-07 

Min 59200 374 5060 47 151 37 43800 14100 6570 737 1770 99 236 39 102 46 231700 66 4380 125 94 267 806 1.63E-07 

Max 67100 529 44600 75 352 141 51100 17500 10300 1330 3690 284 677 49 142 177 289900 162 5720 147 113 484 4929 4.79E-05 

May 

M 62267 475 6850 60 281 47 45800 15000 7400 1180 3240 167 549 45 118 117 282000 90 5450 131 107 445 1417 2.39E-07 

Min 50800 387 4680 52 156 40 43000 14000 6610 965 1810 97 377 33 103 75 218800 63 4300 117 93 272 733 1.64E-07 

Max 67800 530 49100 71 625 175 50300 17200 8990 1590 4040 292 916 61 142 233 298400 177 6000 143 130 508 6454 3.13E-03 

June 

M 58400 459 7295 58 269 46 45650 14750 6965 1205 3210 166 472 49 124 106 280650 93 5430 129 100 459 1401 2.16E-07 

Min 49500 390 5090 49 168 41 43500 13500 6290 948 2550 99 372 41 103 91 213600 87 4680 121 92 302 841 1.56E-07 

Max 66100 616 51400 66 491 83 48800 17500 7740 1930 3560 218 638 59 137 150 288400 182 5630 138 111 501 7987 1.50E-04 

July 

M 62550 457 6945 58 265 46 46650 15000 7855 1145 3165 167 514 41 117 123 278100 90 5275 133 101 421 1484 2.46E-07 

Min 59100 385 5210 43 172 33 42100 12500 6470 968 1730 96 355 35 104 91 209800 67 4330 115 88 258 916 1.64E-07 

Max 71900 581 69700 70 428 162 52700 17400 10200 1650 4000 311 713 108 137 160 298400 170 5960 145 115 508 9735 1.42E-04 

August 

M 59900 462 8270 56 270 48 46200 14700 7270 1170 3340 169 474 49 119 114 276700 91 5120 129 102 416 1866 2.23E-07 

Min 52200 390 5130 41 194 32 42300 13200 6460 1010 1620 95 348 40 103 82 219600 62 4210 119 92 257 721 1.58E-07 

Max 63400 521 49300 72 399 101 51700 17400 8970 1510 4040 304 727 99 135 160 290600 183 5800 142 115 496 5948 1.10E-04 

Organic vineyard 

June 

M 59450 464 84000 56 184 61 43650 14000 9235 827 1850 174 480 ND 94 129 193600 189 4205 118 102 223 1576 2.51E-07 

Min 41700 381 37200 40 152 28 33000 9160 7800 762 1650 130 362 ND 68 44 127000 159 3340 83 74 172 501 7.17E-08 

Max 69500 568 157300 64 259 81 54500 17700 10400 1290 2130 203 601 ND 150 219 228600 306 4890 144 125 269 1664 1.11E-04 

July 

M 57100 475 70150 55 187 59 43400 14300 9295 862 1815 176 622 ND 103 152 192100 260 4130 120 112 202 1849 2.96E-07 

Min 53600 376 38500 48 156 46 40500 11600 8160 781 1510 118 404 ND 72 96 162500 141 3610 109 82 164 845 3.25E-08 

Max 64800 576 119600 62 215 134 50600 19000 11000 1210 2820 216 1560 ND 139 295 238400 314 4830 137 132 345 2191 3.50E-03 

September 

M 59300 485 72050 56 182 59 44500 15150 9245 819 2000 160 564 ND 107 203 196100 198 4165 119 103 228 1838 7.83E-05 

Min 51000 376 34400 50 164 39 39200 10600 7550 644 1640 131 340 ND 77 89 159700 151 3740 95 90 162 873 1.63E-07 

Max 67100 531 115600 59 232 106 51000 17600 10400 1170 2950 198 917 ND 145 284 242300 321 4800 131 125 350 2271 1.30E-04 

ND–not detected concentration by Uniquant WD-XRF 
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Table 8.7.2 Descriptive statistics (Median–M, Minimum–Min and Maximum–Max) of the total element concentrations (mg kg-1) measured by nondestructive 

analytical method wavelength dispersive X-ray fluorescence spectroscopy (WD-XRF) and two magnetic parameters saturation isothermal remanent magnetisation 

(SIRM) (×10-6 A m2 kg-1) and magnetic susceptibility (χ) (m3 kg-1) obtained in the leaf samples from commercial and organic vineyards 

 Al Ca Cu Fe K Mg Mn Na Ni P Rb S Si Sr Ti Zn SIRM χ 

Commercial vineyard 

May 

M 491 21800 27 256 18400 2730 151 971 6.5 7730 21 4460 1540 41 12 60 38 -3.50E-09 

Min 396 18000 17 146 13800 2150 71 784 5.7 5500 6 3980 871 15 4.5 41 22 -4.70E-08 

Max 663 25300 51 287 24000 3660 765 1640 9.9 9850 52 5210 2150 56 19 90 80 3.17E-08 

June 

M 151 26950 14 155 14550 2985 76 793.5 ND 3565 8.9 2430 2875 46 3.6 38 39 -3.9E-09 

Min 120 21400 8.7 113 12200 2210 60 572 ND 2900 3.9 1770 1620 30 2.8 28 31 -1.90E-08 

Max 201 30200 30 186 22500 3900 448 975 ND 6120 20 3510 4190 72 10 45 88 3.28E-08 

July 

M 204 26800 9 124 12500 3170 91 752 4.9 2860 9.3 2190 4170 53 8.1 22 47 5.84E-09 

Min 164 22200 4.5 87 8330 2290 31 566 4.8 2030 6.3 1520 2230 21 3.5 15 26 -3.80E-08 

Max 352 29000 18 442 18900 4510 418 978 5 3840 20 3080 6860 70 12 29 202 2.84E-08 

August 

M 135 29300 4.2 94 9020 2750 72 554 4.15 1930 8.35 1500 5030 54 3.9 16 53 2.55E-09 

Min 74 26300 2.1 58 5210 2140 32 417 2.8 1390 4.8 1170 3000 24 2 9.3 29 -2.80E-07 

Max 205 33400 8.8 253 15700 3850 277 722 5.7 3250 18 1830 8590 86 9.3 29 146 1.68E-08 

Organic vineyard 

June 

M 235 27000 36 200 16100 3410 132 818 ND 3500 17 2640 2490 107 8.5 24 58 -2.2E-08 

Min 127 25400 12 150 9860 3090 93 700 ND 2510 10 2360 1710 46 4.1 21 44 -9.1E-07 

Max 353 30000 83 229 17000 3930 180 963 ND 3920 19 2860 3280 116 10 53 69 3.1E-09 

July 

M 205 31100 41 137 8120 2730 140 598 2.8 1920 9.55 1430 3940 110 7.95 19 97 9.31E-09 

Min 152 29100 6.8 117 5640 382 119 500 2.8 1730 6.1 1230 3330 62 5.6 13 71 -5.00E-07 

Max 305 31700 113 156 10200 4140 164 966 2.8 2180 13 1580 6310 151 28 44 168 2.27E-08 

August 

M 156 27800 5.9 133 8300 4920 110 664 ND 2520 12 1450 3750 99 5.85 15 153 1.12E-08 

Min 139 22800 3.2 104 5650 1250 68 569 ND 2290 6 1300 2090 80 3.9 14 132 -4.40E-08 

Max 194 31000 19 178 15300 6680 277 683 ND 3840 25 2360 4000 158 11 27 265 3.54E-08 

ND–not detected concentrations 
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Table 8.7.3 Ratio (%) between the element concentrations obtained by non-destructive (WD-XRF) and destructive (ICP-OES and ICP-MS) methods 

Soil pseudo total vs. total content 

 
Al Ba Ca Co Cr Cu Fe K Mg Mn Na Ni P Pb S Sr V Zn 

% 111.1 53.5 99.6 42.0 54.4 88.9 90.6 68.5 115.6 91.2 23.8 63.4 72.9 40.1 83.2 47.5 50.5 79.9 

Leaf destructive versus nondestructive total content 

 
Al Ca Cu Fe K Mg Mn Na Sr Zn 

        
% 36.1 91.4 68.3 80.7 49.7 76.9 68.9 10.4 61.7 67.7 

        
 

Figure 8.7.4: Correlation between the element concentrations obtained by ICP-OES and WD-XRF (pseudo-total (destructive) versus total element content 

(nondestructive) in the soil samples from the vineyards 

 

Al_ICP Ba_ICP Ca_ICP Co_ICP Cr_ICP Cu_ICP Fe_ICP K_ICP Mg_ICP Mn_ICP Na_ICP Ni_ICP P_ICP Pb_ICP S_ICP Sr_ICP V_ICP Zn_ICP 

Al_XRF 0.40** 

                 Ba_XRF 

 
0.40* 

                Ca_XRF 

  
0.99** 

               Co_XRF 

   

0.40** 

              Cr_XRF 

    
0.60** 

             Cu_XRF 

     
0.77** 

            Fe_XRF 

      

0.50** 

           K_XRF 

       
0.40** 

          Mg_XRF 

        
0.63** 

         Mn_XRF 

         

0.62** 

        Na_XRF 

          
-0.46** 

       Ni_XRF 

           
0.86** 

      P_XRF 

            

0.87** 

     Pb_XRF 

             

-0.1 

    S_XRF 

              
0.78** 

   Sr_XRF 

               

0.98** 

  V_XRF 

                

0.01 

 Zn_XRF 

                 
0.40** 

** Correlation is significant at the 0.01 level (2-tailed). 
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Figure 8.7.5 Correlation between the element concentrations obtained by ICP-OES and WD-XRF (destructive vs. nondestructive) in the leaf samples from the 

vineyards 

 
Al_ICP Ca_ICP Cu_ICP Fe_ICP K_ICP Mg_ICP Mn_ICP Na_ICP Sr_ICP Zn_ICP 

Al_XRF 0.85** 
         

Ca_XRF 
 

0.68** 
        

Cu_XRF 
  

0.83** 
       

Fe_XRF 
   

0.52** 
      

K_XRF 
    

0.40** 
     

Mg_XRF 
     

0.14 
    

Mn_XRF 
      

0.03 
   

Na_XRF 
       

-0.16 
  

Sr_XRF 
        

0.40** 
 

Zn_XRF 
         

-0.16 

** Correlation is significant at the 0.01 level (2-tailed). 
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8.7.6 Spearman’s correlations (R) between the magnetic parameters and element concentrations in the soil 

samples from the commercial and the organic vineyards obtained by ICP-OES and WD-XRF 

 
Commercial 

 
Organic 

 
R SIRM χ 

 
SIRM χ 

Al_ICP -0.40** -0.20 Al_ICP 0.17 0.23 

As_ICP 0.40** 0.40** As_ICP 0.06 0.19 

B_ICP 0.22* 0.30* B_ICP 0.07 0.21 

Ba_ICP -0.60** -0.42** Ba_ICP 0.39 0.40 

Be_ICP -0.30** -0.16 Be_ICP 0.33 0.73** 

Ca_ICP 0.71** 0.60** Bi_ICP 0.41* 0.80** 

Cd_ICP 0.15 0.16 Ca_ICP -0.65** -0.86** 

Co_ICP 0.07 0.12 Cd_ICP 0.07 0.60** 

Cr_ICP 0.30** 0.22* Co_ICP 0.60** 0.80** 

Cu_ICP 0.01 -0.02 Cr_ICP 0.24 0.37 

Fe _ICP 0.06 0.16 Cu_ICP 0.30 0.80** 

K_ICP 0.18 0.23* Fe_ICP 0.60** 0.90** 

Mg _ICP 0.35** 0.32** K_ICP 0.42* 0.60** 

Mn_ICP -0.24* -0.22* Li_ICP 0.17 0.41* 

Na_ICP -0.30** -0.22* Mg_ICP 0.31 0.34 

Ni_ICP 0.60** 0.60** Mn_ICP 0.30 0.80** 

P_ICP 0.02 0.03 Na_ICP 0.22 0.20 

Pb_ICP -0.15 -0.06 Ni_ICP -0.09 0.03 

S_ICP 0.18 0.05 P_ICP 0.40 0.70** 

Sb_ICP 0.50** 0.50** Pb_ICP 0.30 0.70** 

Sr_ICP 0.06 -0.01 S_ICP 0.34 0.65** 

V_ICP -0.51** -0.40** Sb_ICP 0.40 0.40 

Zn_ICP 0.14 0.22* Si_ICP 0.12 0.12 

Al_XRF -0.14 -0.03 Sr_ICP -0.22 -0.50* 

Ba_XRF -0.31** -0.22* V_ICP 0.60** 0.75** 

Ca_XRF 0.50** 0.26* Zn_ICP 0.60** 0.80** 

Co_XRF 0.16 0.09 Al_XRF 0.60** 0.75** 

Cr_XRF 0.40** 0.24* Ba_XRF 0.62** 0.70** 

Cu_XRF -0.17 -0.31** Ca_XRF -0.63** -0.82** 

Fe_XRF 0.40** 0.22* Co_XRF 0.34 0.60** 

K_XRF 0.40** 0.32** Cr_XRF -0.06 0.01 

Mg_XRF 0.30* 0.14 Cu_XRF 0.46* 0.82** 

Mn_XRF -0.35** -0.30** Fe_XRF 0.60** 0.90** 

Na_XRF -0.30** -0.19 K_XRF 0.60** .899** 

Ni_XRF 0.45** 0.28** Mg_XRF 0.36 0.38 

P_XRF -0.07 -0.06 Mn_XRF 0.34 0.79** 

Pb_XRF -0.10 -0.12 Na_XRF 0.60** 0.60** 

Rb_XRF 0.30** 0.32** Ni_XRF 0.18 0.41* 

S_XRF 0.07 0.03 P_XRF 0.35 0.60** 

Si_XRF -0.51** -0.32** Rb_XRF 0.60** 0.94** 

Sr_XRF 0.06 -0.02 S_XRF 0.30 0.63** 

Ti_XRF -0.30* -0.11 Si_XRF 0.62** 0.76** 

V_XRF -0.01 0.04 Sr_XRF -0.22 -0.46* 

Zn_XRF 0.30* 0.16 Ti_XRF 0.61** 0.74** 

Zr_XRF -0.36** -0.25* V_XRF 0.42* 0.66** 

SIRM 1 0.84** Zn_XRF 0.51** 0.74** 

   
Zr_XRF 0.40* 0.60** 

   
SIRM 1 0.60** 

* Correlation is significant at the 0.05 level (2-tailed) 

** Correlation is significant at the 0.01 level (2-tailed) 

 

 

 

 

 



Appendix, Appendix 7, Experiment 6 

251 
 

8.7.7 Spearman’s correlations (R) between the magnetic parameters and element concentrations in the 

leaf samples from the commercial and the organic vineyards obtained by ICP-OES and WD-XRF 

Commercial Organic 

R SIRM χ  SIRM χ 

Al_ICP -0.05 0.20 Al_ICP 0.06 0.05 

As_ICP 0.23* 0.14 As_ICP 0.43 0.00 

B_ICP -0.05 0.30* B_ICP 0.16 0.15 

Ba_ICP 0.30* 0.15 Ba_ICP 0.67** 0.39 

Be_ICP -0.02 -0.05 Be_ICP -0.17 0.19 

Ca_ICP 0.44** 0.04 Bi_ICP 0.70** 0.54* 

Cd_ICP 0.03 0.15 Ca_ICP 0.70** 0.42 

Co_ICP 0.50** 0.07 Cd_ICP -0.70** -0.58* 

Cr_ICP 0.60** 0.35** Co_ICP 0.70** 0.46 

Cu_ICP -0.33** 0.05 Cr_ICP 0.70** 0.38 

Fe_ICP 0.13 0.23* Cu_ICP -0.39 -0.38 

K_ICP 0.19 0.05 Fe_ICP 0.60* 0.28 

Mg_ICP 0.30* -0.02 K_ICP -0.28 -0.41 

Mn_ICP -0.19 -0.09 Li_ICP 0.60* 0.43 

Na_ICP 0.21 0.25* Mg_ICP 0.60* 0.69** 

Ni_ICP -0.14 -0.10 Mn_ICP 0.40 0.20 

Pb_ICP 0.02 0.24* Mo_ICP -0.22 -0.16 

Sb_ICP 0.30* 0.06 Na_ICP -0.66** -0.80** 

Sr_ICP 0.50** 0.05 Ni_ICP -0.03 -0.34 

V_ICP 0.07 0.18 P_ICP -0.27 -0.28 

Zn_ICP -0.20 -0.07 Pb_ICP -0.65** -0.67** 

Ca_XRF 0.41** 0.02 S_ICP -0.27 -0.28 

K_XRF -0.30* 0.03 Sb_ICP -0.38 -0.50 

P_XRF -0.50** -0.04 Sr_ICP 0.60* 0.36 

Mg_XRF -0.16 0.02 V_ICP 0.15 0.18 

Si_XRF 0.33** -0.02 Zn_ICP -0.15 -0.20 

S_XRF -0.46** 0.00 Ca_XRF 0.23 -0.12 

Al_XRF -0.18 0.10 K_XRF -0.60* -0.55* 

Na_XRF -0.34** 0.11 P_XRF -0.43 -0.29 

Cl_XRF -0.06 0.14 Mg_XRF 0.43 0.60* 

Fe_XRF -0.30* -0.03 Si_XRF 0.44 0.26 

Mn_XRF -0.42** -0.19 S_XRF -0.73** -0.56* 

Zn_XRF -0.42** -0.03 Al_XRF -0.03 -0.08 

Sr_XRF 0.40** 0.03 Na_XRF -0.53* -0.26 

Cu_XRF -0.30* 0.03 Fe_XRF -0.47 -0.33 

SIRM 1.00 0.30* Mn_XRF 0.06 0.08 

   
Zn_XRF -0.60* -0.45 

   
Cu_XRF -0.60* -0.45 

   
Sr_XRF 0.42 0.23 

   
SIRM 1.00 0.76** 

* Correlation is significant at the 0.05 level (2-tailed) 

** Correlation is significant at the 0.01 level (2-tailed) 
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