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ABSTRACT

The current study has investigated the accumulation and transfer coefficient for three heavy metals (Cu, Pb,
Zn) found in the contaminated soil with three concentrations (c1=1.5%, c2=3.0%, c¢3=4.5%, c4=6.0%),
obtained by mixing the three metals, in blueberry and raspberry fruits. The pots in which the shrubs were
planted were loaded with fertile soil which was mixed and homogenized in turn with each of the three solutions
of different concentrations. The highest accumulation in blueberry fruits was recorded for zinc, then copper
and the lowest for lead, while for raspberries the highest results was recorded for zinc, then lead and the lowest
for copper. The findings are valid for all four concentrations used. The transfer coefficient decreases as the
concentration of heavy metals increases, thus for high heavy metal concentrations, the values of the transfer
coefficient are very low, and for small heavy metal concentrations in the soil, the values for the transfer
coefficient are higher. From the assessment of accumulation and transfer of heavy metals to berries
(blueberries and raspberry) grown in the contaminated soil, it was concluded that all concentrations of the
copper, lead and zinc mix have shown a low risk for human consumption.

REZUMAT

Tn acest studiu, s-a investigat acumularea si coeficientul de transfer a trei metale grele (Cu, Pb, Zn) din solul
contaminat cu patru concentrafii (c1=1.5%, ¢2=3.0%, c3=4.5%, c4=6.0%) obfinute prin amestec din cele trei
metale, in fructul de afin si zmeur. Ghivecele in care au fost plantati arbustii au fost incarcate cu pdmant fertil
care a fost amestecat si omogenizat pe rénd cu fiecare dintre cele trei solutii de concentratii diferite. Cea mai
mare acumulare in fructele de afin a fost observata pentru zinc, apoi cupru si cea mai mica pentru plumb, iar
in fructele de zmeur pentru zinc, cupru si cea mai mica pentru plumb. Constatdrile sunt valabile pentru toate
cele patru concentrafii folosite. Coeficientul de transfer scade pe méasura ce concentrafia de metale creste,
astfel incat la concentratii mari de metale valorile coeficientului de transfer sunt foarte mici, iar la concentratii
mici de metale Tn sol valorile coeficientului de transfer sunt mai mari. Evaluarea acumuldrii fi transferului
metalelor Tn fructul fructelor crescute in sol contaminat a concluzionat c& toate concentratiile in amestec de
cupru, plumb si zinc au prezentat un risc scazut pentru consumul uman.

INTRODUCTION

Environmental pollution, implicitly that of agricultural soils, with heavy metals is a current topic that
concerns humanity. Toxic metals in the soil come from different sources, such as: household waste landfills,
agricultural sources, industrial emissions, urban emissions and bedrock. The accumulation of heavy metals in
the soil causes the pollution of agricultural soils, with consequences on the quality of fruits and vegetables as
well as on human health (Jolly et al., 2013; Huang et al., 2014, Pruteanu et al., 2019).

Fruits and vegetables are often consumed because they are an important source of food, being rich
in bioactive compounds (tannins, anthocyanins, antioxidants), vitamins, minerals, proteins, carbohydrates and
fibres necessary for human health (Huang et al., 2014). They accumulate heavy metals in both edible and non-
edible parts (Cherfi et al., 2014). Heavy metals are necessary for the efficient functioning of biological systems,
as long as their concentration in fruits and vegetables is balanced, in order not to produce a series of metabolic
disorders (Fawad et al., 2017). In this sense, heavy metal concentrations and nutritional intake from fruits and
vegetables are important for maintaining human health (BalCiauskas et al., 2022).
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The soil-to-plant transfer factor is an important component due to human exposure to metals through
the food chain. The accumulation of metals from soil, water or air in the vegetative organs of plants depends
on the properties of metals and the exposure time of metals, absorption rates in different plant tissues and
transfer between tissues, plant growth and metabolism parameters, metal partition coefficients between the
compartments of the soil-plant system. The transfer factor differs depending on the type of metal, the plant
species, but also on the type of soil (Jolly et al., 2013, Cardei et al., 2021).

In the paper written by Qihang et al., (2021), the authors studied the geochemical characteristics of
heavy metals in blueberries and soil for the Majiang area of Guizhou, China. As methods they used field
survey, sampling and indoor analysis, and as benchmarks they relied on national standards for soil pollution
risk control on agricultural land. The results showed that the content of heavy metals exceeds the standards
only in the lower layer of the soil, without substantially affecting blueberry growth. In fruits, the content of heavy
metals did not exceed the concentrations in the standard, which proved that the fruit was safe for consumption.

Also, in the research of Rusinek et al., (2008), the content of heavy metals (Pb, Cd, Cu, Zn, Fe, Mn)
was analysed in areas not exposed to pollution (Skierbiesz6w Landscape Park) and in polluted areas
(Rejowiec Cement Factory) for blueberries, raspberries and wild strawberries harvested in the Lublin region.
The results showed that, among the berries studied, blueberry had the lowest content of Pb, Zn, Fe, Mn, wild
strawberries had a high content of Pb, Zn and Mn, and the content of cadmium was high for all the berries
analysed.

Wieczorek et al.,, (2010), analysed the concentrations of heavy metals (Pb and Cd) in berries
(blackberry, raspberry, blueberry, wild strawberry) and wild-harvested hazelnuts as well as in fruit (blackberry,
raspberries, blueberries) and hazelnuts harvested from plants grown in orchards in North Eastern Poland. In
addition, Pb, Cd concentrations were determined in surface soil samples from the sites where the fruits were
collected. It was found that the highest acceptable concentrations based on Polish standards for Pb and Cd
were not exceeded in the berries. In wild berries, Pb was undetectable, and in those from orchards, Pb had
values of 290 ug/kg. The concentration of Cd varied between 6 and 49 ug/kg wet weight for wild fruits and
values up to 72 ug/kg wet weight for orchard fruits. For the soil samples, Pb and Cd had values between 3.2 -
14.9 mg/kg. Zeiner et al., (2018), analysed the content of Al, Cd, Cr, Ni and Pb in cranberries, blueberries and
rosehips harvested from an unpolluted area in Croatia. The results showed that Cd and Cr were not detected
in the samples, and Ni concentrations were mainly lower than 25 mg/kg, in a range comparable to the data
from the specialized literature. The consumption of these berries in terms of Cd, Cr and Ni does not present
any danger to health, while rosehips contain Pb and Al above the limit allowed in the fruits.

In another paper, the concentrations of 13 elements (Al, Ca, Cd, Cr, Cu, Fe, K, Mg, Mn, Na, Ni, Pb
and Zn) were determined for several samples of cultivated and wild blueberry fruits. The authors analysed the
total metal content after mineralization using plasma optical emission spectrometry. The results showed that
high concentrations of Ca, Na, Mg, Mn and Zn were found in wild blueberries. Also, the concentrations of Cu,
Cr, Fe and Ni were found to the same extent, both in wild and cultivated plants. Very high concentrations of
Fe and Cd were identified in cultivated blueberries. The efficiency of metal extraction varied depending on their
form (fresh or dried) for both blueberry types - wild or cultivated (Drézdz et al., 2018).

In order to determine the transfer of heavy metals from soil to fruits, Roba et al., (2016) studied the
concentration of four heavy metals (Zn, Cu, Pb, Cd) in raspberries, gooseberries and black currants grown in
the gardens of the Ferneziu district residents from Baia Mare mining area (Romania). Due to the different
absorption capacity of heavy metals, the concentrations varied for the analysed fruits as follows: Zn > Cu > Pb
> Cd. Lere, B. K. et al., (2021), focused on the levels of heavy metals in water, sail, fruits and vegetables from
three farms located in Nigeria. Water, soil, fruit and vegetable samples were randomly collected, processed
and analysed for heavy metals. The concentration of heavy metals in soil was found to be the highest for Fe
(57.30-63.51) mg/kg and the lowest was observed for Cu (0.45-1.45) mg/kg. High levels of Pb (0.02-0.03)
mg/l, Cd (0.07-0.1) mg/l and Fe (3.23-3.42) mg/l were determined in the irrigation water. In fruits and
vegetables, average metal concentration showed significant variation, with Fe having the highest concentration
(7.82 mg/kg) in most farm samples. The health risk assessment of heavy metals in fruit and vegetable samples
indicated that all metals were within the hazard limit of less than 1, except for Cd.

In their work, Cui, Y.-J. et al., (2004) measured the contamination levels of soils and vegetables with
cadmium (Cd), lead (Pb), zinc (Zn) and copper (Cu), as well as the factors of transfer (TF) from soil to vegetable
plants but also the risk of these heavy metals for health. The results of the research showed that both the soils
and the vegetables in two villages in China, one located at 1500 m and another 500 m away from a smeltery
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were heavily contaminated, compared to another village located 50 km away from the smeltery. The intake of
lead and cadmium from vegetables represented a high risk for the health of local residents (1.44 - 13.5 for Pb)
and (3.87 - 7.42 for Cd).

The paper presents the transfer coefficient and the accumulation from the soil in berries (blueberries
and raspberries) for the mixture obtained from three heavy metals (Cu, Pb, Zn), at different concentrations (c1
= 1.5%, c2 = 3.0%, c3 = 4.5%, c4 = 6.0%).

MATERIALS AND METHODS
Raspberry (Rubus idaeus) and blueberry (Vaccinium muyrtillus L.) fruits were chosen for this study,
because they are rich in antioxidants. Raspberries belong to the Rosaceae family and are a bushy, perennial
shrub with creeping shoots and straight stems. The fruit, called raspberry, is red, has a sour taste and a
pleasant smell. Raspberries can be consumed fresh or industrially processed. The bioactive compound that
can be extracted from raspberries is xylitol, beneficial for the prevention of dental caries (Ardelean et al., 2008).
Blueberries belong to the Ericaceae family and are a bushy, branchy subshrub with a long-branched stem.
The fruit called blueberry is a blue, round berry with a pleasant sweet and sour taste (Ardelean et al., 2008).

Blueberry and raspberry cuttings were planted in pots with soil contaminated using mixtures of heavy
metals (copper, zinc and lead) in different concentrations, in order to identify the concentrations of heavy
metals absorbed during plant growth.

Ten kg of soil was homogenized with 500 ml of heavy metal mixture (Cu, Zn, Pb) for each concentration
of 1.5%, 3.0%, 4.5% and 6.0%. The solutions with the following concentrations 1.5, 3.0, 4.5 and 6.0 % were
individually prepared in the laboratory. Copper sulphate, lead acetate and zinc sulphate were used as
reagents, and distilled water as solvent. To obtain the mixtures of solutions with Cu, Pb, Zn for each of the
concentrations of 1.5, 3.0, 4.5 and 6.0% that were individually prepared, equal parts were taken from each
solution, element and concentration, and mixed until reaching homogeneity. Heavy metal loading was
performed only when the shrubs were planted, without additional loading until harvest.

The control sample was obtained by planting berry shrubs using uncontaminated soil. The soil
moisture was maintained at constant levels during the experiments by watering the berry shrubs.

The physico-chemical properties of the soil used in the experiments were: moisture 15%, pH 5.8;
phosphorus 0.4%, potassium 0.8%, nitrogen 1.8%.

The experiments were carried out in a specially arranged and controlled space, between March and
July 2020. The fruits subjected to the analysis were harvested when they were fully ripe. Images during the
experiments are presented in Figure. 1.

Fig. 1 - Aspects during the research on blueberries (a) and raspberries (b)
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The determination of Cu, Pb, Zn from the contaminated soil and from the studied berries was carried
out by spectrophotometry (flame atomic absorption).

The transfer coefficient assesses the degree of bioavailability of metals from soil to plants and is a
valid function of soil and plant properties. The coefficient was calculated as a ratio between the concentration
of a metal (Cu, Pb, Zn) in the fruit and the concentration of the metal in the soil (Bassey et al., 2014).

Based on dry weight, metal concentration in soil and plants was calculated. Thus, the transfer factor (tf)
was calculated according to the formula below:
tf = “plent ®
Csoil
where: Cpaneand Cson represent metal concentration (with Cu, Pb, Zn) in plants and soil (Jolly et al., 2013).
Values of the transfer factor lower than 0.1 show that the plant does not accumulate metals in its tissues;

however, values of the transfer factor above 0.2 show that the plant accumulates metals, requiring careful
monitoring of the environment (Khan et al., 2009; Sponza et al., 2002).

RESULTS
Figure 2 shows the results regarding the content of heavy metals (Cu, Pb, Zn) in soil samples
contaminated with mixed solutions of different concentrations (1.5%, 3.0%, 4.5%, 6.0%), as well as in

uncontaminated soil.
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Fig. 2 - The content of heavy metals in the soil

It can be observed that, for all three heavy metals, their concentration in the soil increases progressively,
depending on the increase in the concentration of the solutions, the highest concentrations being found for Zn.

Figures 3 and 4 show the results regarding the content of heavy metals (Cu, Pb, Zn) found in the
raspberry and blueberry samples for different concentrations (1.5%, 3.0%, 4.5%, 6.0%), as well as in the
control sample.
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Fig. 3 - The content of heavy metals in raspberry
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Fig. 4 - The content of heavy metals in blueberries

Analysing figures 3 and 4 for the different concentrations of metals in the soil and their transfer in the
studied fruits, it was found that:

a. for raspberries:

- as the concentration of Cu in the soil increases, it decreases in the fruit;

- for Pb, at low concentrations in the soil, the accumulation in the fruit increases progressively, and at
the maximum concentration in the soil (6%), it is lower;

- Zn has the highest concentrations in the fruit. For concentrations of 1.5% (36.2 mg/kg), 3% (48.5
mg/kg) and 4.5% (52.7 mg/kg), the Zn content increases gradually, and for the concentration of 6% (46 mg/kg)
in the soil, it decreases in the fruit;

- in the control sample, with uncontaminated soil, all three studied metals are present in the fruit.

b. for blueberries:

- in the case of Cu, the content is progressively increasing in fruits for the first three concentrations,
while at the maximum concentration of 6% in the soil, the Cu content decreases in the fruit;

- in the case of Pb, values are low, with a value of 0.54 mg/kg for a concentration of 3%;

- Zn has the highest concentrations in the fruit. The content in fruits varies as follows: a concentration
of 1.5% translated into 14.2 mg/kg, 3% to 11.8 mg / kg, 4.5% to 12 mg/kg and the concentration of 6% to 8.5
mg/kg;

- for the control sample, all 3 metals were detected in blueberries and raspberries, and the Zn
concentration has higher values that could endanger health.

Also, for all the metals studied, at a concentration of 3%, values close to those of the control sample
were found.

The transfer factor (tf) values of heavy metals from soil to fruit are graphically shown in Figures 5 and 6.

1.70 1.63

1.60

1.50
= 140
g %%g 1.20 mCu
g 110 -
S (1)88 0.89 0.92
< 050 Zn
= 0.70
= 0.60

0.50

0.40 03188 55

0.30 0.190.19

0.20 0.13 0.100-14 010

0.10 | 0.04 0.02297

0.00 f— —

0.0 15 3.0 45 6.0

Concentration of metals in the soil, %
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Analysing Figure 5, the results of the raspberry transfer factor show that:

- for the control sample it has values close to 1 in the case of copper and zinc and values greater than 1.5
for lead;

- for the concentration of the metal mixture of 1.5% in the soil, values of the transfer factor of 0.3 were
found for copper and zinc, the transfer coefficient for lead tending towards 1 (0.92);

- for the other concentrations of heavy metal mixture in the soil (3%, 4.5%, 6%), the values of the transfer
factor are very low for all metals, tending to 0 (if = 0.02 for Cu at the concentration of 6% in the soil).
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Fig. 6 - The transfer coefficient of heavy metals in blueberries

Transfer coefficient

Analysing Figure 6, the results of the transfer coefficient in blueberries, show the following:

- for the control sample the values of the transfer factor are below 0.3 for all three metals;

- for all other concentrations of the mixture of heavy metals in the soil, the values of the transfer factor
are very small (for concentrations of 4.5% and 6%, for Pb, the tf value = 0).

Therefore, it can be considered that for the berries studied, the higher the initial concentration of heavy
metals in the soil, the weaker the bioaccumulation.

CONCLUSIONS

For the berries studied, an increase tendency in the amount of heavy metal accumulated in the fruit can
be observed, along with the increase in the concentration of the heavy metal mixture in the soil.

The accumulation of heavy metals in berries has revealed that the order of accumulation of metals in
fruits is Zn>Pb>Cu for raspberry and Zn>Cu>Pb for blueberries. The highest accumulation among the studied
metals is that of zinc for both berries. Lead is below the limit of the control sample, for both berries, this meaning
that with the high concentrations the absorption capacity of the heavy metal in the soil decreases, which could
lead to explanations related to the possibility that the plants develop protection mechanisms.

Considering the two berries grown applying various concentrations of metal mixture in the soil, a
decrease tendency in the transfer coefficient of each heavy metal from the soil to the plant is noticed as the
concentration of the mixture increases from 1.5% to 6.0%. Therefore, the bioaccumulation capacity of metals
in fruits is small, but the accumulation of metals may have occurred at the level of the other vegetative parts
of the shrubs (root, stem, branches and leaves).

Taking into account that forest fruits are rich in antioxidants and are highly appreciated by consumers,
the bioaccumulation of heavy metals in fruits is an important aspect that was investigated in this work to
evaluate the impact of soil contamination on fruits and can be further explored to develop mathematical
models and finding some patterns for the accumulation of heavy metals in the soil and in plants/fruits.
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