
ISSN 2585-8246– 270 –Slovak University of Agriculture in Nitra
www.uniag.sk

Agrobiodivers Improv Nutr Health Life Qual, 9, 2025(2): 270–277

*Corresponding Author:	Natália Čeryová, Slovak University of Agriculture in Nitra, Faculty of Biotechnology and Food 
Sciences, Institute of Food Sciences, Tr. Andreja Hlinku 2, 949 76 Nitra, Slovak Republic 
 natalia.ceryova@uniag.sk

Research Article

Heavy Metal Uptake and Bioaccumulation in Chives 
(Allium schoenoprasum L.) 

Jana Jakubčinová1, Natália Čeryová*1, Judita Lidiková1, Olga Grygorieva2, Ľuboš Harangozo1

1Slovak University of Agriculture in Nitra, Faculty of Biotechnology and Food Sciences, 
  Institute of Food Sciences, Nitra, Slovak Republic 
2M. M. Gryshko National Botanical Garden of the National Academy of Sciences of Ukraine, 
  Department of Fruit Plants Acclimatisation, Kyiv, Ukraine

 Natália Čeryová: https://orcid.org/0000-0002-1865-5131 
 Judita Lidiková: https://orcid.org/0000-0001-9922-4300 
 Olga Grygorieva: https://orcid.org/0000-0003-1161-0018 
 Ľuboš Harangozo: https://orcid.org/0000-0001-7243-9803

Article Details:
Received:	 2025-08-25
Accepted:	 2025-09-10
Available online:	 2025-11-30

DOI: https://doi.org/10.15414/ainhlq.2025.0025

This study aimed to evaluate the uptake and accumulation of trace elements in  three cultivars of chives (Allium 
schoenoprasum L.; Bohemia, Pobrežná, and Pražská) grown under identical field conditions in Veľká Mača (Slovak 
Republic), in order to determine their food safety and suitability for cultivation in moderately contaminated soils. 
Pseudo-total and mobile forms of heavy metals in soil were determined, along with metal concentrations in plant 
leaves, using microwave-assisted digestion followed by flame and graphite furnace atomic absorption spectrometry. 
The soil exhibited elevated pseudo-total concentrations of Zn, Ni, and Cd, with Cd and Pb mobile fractions exceeding 
regulatory critical values, indicating potential soil–plant transfer risk. Despite these conditions, all chive cultivars 
accumulated essential micronutrients (Fe, Mn, Zn, Cu) within nutritionally relevant ranges, while concentrations of 
Pb and Cd in fresh biomass remained below European food safety limits (Commission Regulation (EU) 2023/915). 
Significant inter-cultivar differences (p <0.05) were observed, particularly for Fe, Zn, Pb, and Cd. Principal component 
analysis revealed clear cultivar clustering driven by micronutrient content and Pb accumulation. Bioaccumulation 
factors were <1 for all elements except Cd (0.43–0.65), confirming low overall metal transfer from soil to plants, 
with moderate Cd uptake typical for Allium species. The results demonstrate that A. schoenoprasum cultivars differ 
in trace element uptake capacity and can be safely cultivated even under moderately contaminated soil conditions. 
These findings support the importance of cultivar selection and soil monitoring to ensure both nutritional value 
and food safety in Allium crops.
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Introduction
Chives (Allium schoenoprasum L.) is a perennial plant 
belonging to the family Alliaceae Herb. and the genus 
Allium L. (Yoldas et al., 2019). This taxonomic group 
includes more than 500 species, such as A. cepa L. 
(onion), A. sativum L. (garlic), A. chinense G. Don 
(Chinese onion), A. ascalonicum (= A. cepa) (shallot), 
A.  hookeri Thwaites (Hooker‘s chives), and others 
(Parvu et al., 2014; Kim et al., 2016). A. schoenoprasum, 
known as chives, is the smallest edible species within 
this genus (Štajner et al., 2011).

The name “schoenoprasum“ is derived from the Greek 
words skhoínos (grass) and prason (leek). The  plant 
is believed to have originated in  Siberia, from 
where it spread to Asia, Europe, and North America. 
The English word “chive” comes from the French term 
cive (Charles, 2013). Today, chives are commonly used 
in households, with fresh or dried leaves employed for 
culinary purposes. Chives are cultivated as a  garden 
crop and are available in many grocery stores (Charles, 
2013; Krishnan and Nair, 2016; Singh et al., 2016).

Chives are known for their content of essential oils 
rich in  sulphur compounds (Baranazi et al., 2004; 
Kim et al., 2016; Krishnan and Nair, 2016), which give 
them their characteristic flavour (Mnayer et al., 2014). 
They are low in  calories (30 kcal·100 g-1) and are 
a  rich source of minerals (calcium, iron, magnesium, 
phosphorus, potassium, sodium, zinc, copper, 
manganese, selenium), vitamins (vitamin C, thiamine, 
riboflavin, niacin, pantothenic acid, vitamins B6, A, E, 
K), lipids, and amino acids (United States Department 
of Agriculture, 2017; Singh et al., 2018). Nutritionally, 
chives are particularly notable for their high content of 
vitamin A (4,353 IU·100 g-1) and vitamin K (212.7 μg· 
100 g-1) (Singh et al., 2018).

Various studies highlight the  presence of phenolic 
compounds (Zheng and Wang, 2001; Štajner et 
al., 2011; Mnayer et al., 2014), flavonoids such as 
kaempferol, quercetin, quercetol, isorhamnetin, and 
rutin (Carotenuto et al., 1996; Lachman et al., 2003; 
Kuceková et al., 2011), as well as anthocyanins (Fossen 
et al., 2000). A. schoenoprasum exhibits various 
biological activities, including antifungal, anthelmintic, 
anti-inflammatory, antihypertensive, and anticancer 
effects (Singh et al., 2018).

Our study aims to analyse the  pseudototal and 
bioavailable fractions of selected heavy metals 
in agricultural soil and their subsequent accumulation 
in the leaves of three A. schoenoprasum cultivars, with 
emphasis on inter-cultivar variability, bioaccumulation 

potential, and compliance with international food 
safety limits. 

Material and Methodology

Plant Material 
Three cultivars of A. schoenoprasum – Bohemia, 
Pobrežná, and Pražská – were cultivated conventionally 
under identical agronomic and environmental 
conditions at the  same locality (Veľká Mača, Slovak 
Republic). Fully mature plants were harvested 
manually and mechanically cleaned of organic and 
inorganic debris immediately after collection. 

Sample Preparation
Leaves were washed with distilled water, cut into small 
pieces, and dried to constant weight at 45 °C. The dried 
material was homogenized for 30 s at 25,000 rpm 
using an IKA A10 basic grinder (IKA-Werke GmbH & 
Co. KG, Staufen, Germany) and stored in polyethylene 
bags until analysis. 

Determination of Dry Matter Content 
Dry matter content was determined gravimetrically 
by drying samples at 105 °C to constant weight using 
a  Kern DLB 160-3A moisture analyzer (Kern & Sohn 
GmbH, Frommern, Germany).

Soil samples were collected from a depth of 0–0.1 m 
using a  GeoSampler pedological probe (Thermo 
Fisher Scientific, Hampton, NH, USA). Organic 
residues were removed, and the  soil was air-dried 
at room temperature. Dried samples were ground 
in  a VEB Thurm ZG 1 mill (Stahlbau Magdeburg 
GmbH, Magdeburg, Germany) to a  particle size of 
approximately 0.125 mm, homogenized, and stored 
in polyethylene bags until analysis.

Determination of Pseudo-total Heavy Metal 
Content in Soil
Pseudo-total metal contents (excluding metals 
bound in  silicate lattices) were determined following 
aqua regia digestion. Soil samples were digested 
in a MarsX-press 5 microwave digestion system (CEM 
Corp., Matthews, NC, USA) using 2.5 mL of 65% HNO₃ 
Suprapur® and 7.5 mL of 37% HCl Suprapur® (Merck, 
Darmstadt, Germany). Digests were filtered through 
Filtrak 390 quantitative filter paper (Munktell GmbH, 
Bärenstein, Germany) and diluted with deionized water 
(0.054 µS·cm-1). Concentrations of Fe, Mn, Zn, Cu, Co, 
Ni, and Cr were determined by FAAS using a VARIAN 
AASpectra DUO 240FS spectrophotometer, while Cd 
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and Pb were quantified by GFAAS using a  VARIAN 
AASpectra DUO 240Z (Varian Ltd., Mulgrave, VIC, 
Australia). Calibration was conducted using CertiPUR® 
multi-element standards (Merck, Darmstadt, Germany).

Determination of Bioavailable Forms of Heavy 
Metals in Soil
Bioavailable (mobile) metal forms were assessed 
by extraction with 1 mol·L-1 NH₄NO₃ solution. Dried 
soil (20 g) was shaken with 50 mL NH₄NO₃ (Merck, 
Germany) for 2 h using a  Unimax 2010 horizontal 
shaker (Heidolph Instrument GmbH, Schwabach, 
Germany). Extracts were filtered through Filtrak 390 
filter paper. Element concentrations were determined 
using the  same FAAS/GFAAS instrumentation and 
calibration procedure described above. Results were 
evaluated against maximum permissible and critical 
values defined by Act No. 220/2004 Coll. (Slovak 
Republic).

Determination of Heavy Metal Content in Plant 
Material
Approximately 0.5 g of homogenized dried plant 
material was digested in  a Mars Xpress 5 microwave 
system (CEM Corp.) using 5 mL HNO₃ Suprapur® and 
5 mL deionized water at 160 °C for 15 min, followed 
by a 10 min hold. Digests were filtered and diluted to 
50 mL with deionized water. Fe, Mn, Zn, Cu, Co, Ni, and 
Cr were determined by FAAS, while Cd and Pb were 
analyzed by GFAAS as described above. The obtained 
concentrations were compared with the  maximum 
permissible levels for vegetables set by Commission 
Regulation (EU) 2023/915.

Statistical analysis
Statistical analyses were performed using XLSTAT 
(Lumivero, 2025). Data are presented as mean 
±SD of four independent replicates. Normality 
and homogeneity of variance were assessed using 
the  Shapiro-Wilk and Levene’s tests, respectively. 
Differences among cultivars were evaluated using one-
way ANOVA followed by Tukey’s post hoc test (p <0.05). 

Where assumptions of normality or homogeneity were 
violated, the  Kruskal-Wallis test and Dunn’s multiple 
comparisons test (p <0.05) were applied. Multivariate 
relationships among elements and cultivar similarities 
based on elemental composition were examined using 
Principal Component Analysis (PCA).

Results and Discussion
The soil sample showed a relatively high pseudototal 
content of several metals, particularly Fe (31,836 
mg·kg-1) and Mn (852 mg·kg-1), reflecting the natural 
geochemical background of many agricultural 
soils. When compared to regulatory limit values, 
Zn and Ni exceeded the  respective thresholds (Zn: 
>60 mg·kg-1; Ni >50 mg·kg-1), suggesting possible 
anthropogenic influence or naturally enriched parent 
material. Cadmium also surpassed the  permissible 
level (0.7 mg·kg-1), which raises environmental and 
food-safety concerns due to its high mobility and 
toxicity. Conversely, Cu, Co, Cr, and Pb remained below 
the critical regulatory levels.

Plant uptake of heavy metals is strongly influenced 
by their bioavailable fraction in  the  soil, rather than 
by total metal content (Gao et al., 2018; Sihlahla et al., 
2019). The proportion of mobile (bioavailable) forms of 
metals was relatively low, suggesting limited immediate 
mobility and plant uptake potential. However, Pb 
and Cr exhibited slightly higher mobility fractions 
(1.47 and 15.7%, respectively), which could become 
environmentally significant under changing  soil pH 
or redox conditions. When compared to the  critical 
values for mobile fractions, Pb (0.48 mg·kg-1) and Cd 
(0.34 mg·kg-1) exceeded their respective critical values 
(0.10 mg·kg-1), implying enhanced environmental 
availability and potential uptake by plants. This 
finding suggests that, despite relatively moderate 
total concentrations, Pb and Cd are present in  forms 
that may pose a  risk to soil-plant transfer and 
consequently to the  food chain. Overall, the  soil can 
be characterized as moderately contaminated, with 
cadmium and lead representing the primary ecological 
and toxicological concerns due to their elevated 

Table 1	 Content of heavy metals in the soil sample (mg·kg-1)
Heavy metal content Fe Mn Zn Cu Co Ni Cr Pb Cd
Pseudototal content 31836 852 87.4 29.3 12.5 61.7 43.3 32.6 2.18
Limit value NE 150 60 NE 50 NE NE 70 0.7
Mobile forms 0.34 0.34 0.33 0.34 0.38 0.40 0.41 0.48 0.34
Critical value NE NE 2.00 1.00 NE 1.50 NE 0.10 0.10
Notes: NE – not established
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mobile fractions. Continuous monitoring, control of 
anthropogenic inputs, and remediation measures such 
as increasing soil organic matter content or applying 
immobilizing amendments (e.g., biochar, phosphates) 
are recommended to reduce metal mobility and 
bioavailability.

Significant differences (p <0.05) were observed 
among chives cultivars in their elemental composition 
(Table 2). Iron content varied widely, ranging from 
76 ±5 mg·kg-1 DW in cv. Pražská to 161 ±9 mg·kg-1 DW 
in  cv. Pobrežná. The  highest Fe level in  cv. Pobrežná 
was significantly different from cv. Pražská (p <0.05), 
whereas cv. Bohemia showed an intermediate value. 
Manganese content (30.3–34.2 mg·kg-1 DW) did not 
differ significantly among cultivars, while zinc levels 
were markedly higher in ‘Bohemia’ (21.8 ±1.1 mg·kg-1 
DW) compared with cv. Pražská (12.8 ±0.9 mg·kg-1 
DW). Copper concentrations ranged from 4.20 ±0.22 to 
6.20 ±0.33 mg·kg-1 DW, showing no significant cultivar 
differences. According to Singh et al. (2018), chives 
contain higher content of microelements: 1,600  mg 

of Fe, 373 mg of Mn, 560 mg of Zn, and 157  mg of 
Cu per kilogram. Cobalt and nickel exhibited low 
levels (0.10–0.40 mg·kg-1 DW and 1.60–2.40  mg·kg-1 
DW, respectively), with statistically significant 
variation in  Co content, highest in  cv. Bohemia 
(0.40  ±0.02 mg·kg-1 DW) and lowest in  cv. Pobrežná 
(0.10 ±0.01 mg·kg-1 DW). Chromium levels were lowest 
in  cv. Pražská (0.20 ±0.01 mg·kg-1 DW) and highest 
in  cv.Bohemia (0.50 ±0.02 mg·kg-1 DW), showing 
clear inter-cultivar variation (p <0.05). Lead (Pb) 
and cadmium (Cd) exhibited the  greatest variability 
among potentially toxic elements. Pb content ranged 
from 1.09  ±0.07  mg·kg-1 DW in  cv. Pobrežná to 
2.95 ±0.16 mg·kg-1 DW in cv. Pražská, while Cd varied 
from 0.93 ±0.05 to 1.42 ±0.10 mg·kg-1 DW, both showing 
significant differences among cultivars. Despite this 
variability, when recalculated to a  fresh weight basis, 
none of the samples exceeded the maximum allowable 
limits (Pb ≤0.3 mg·kg-1 FW; Cd 0.2 mg·kg-1 FW, 
Commission Regulation (EU) 2023/915). 

Table 2	 Content of heavy metals in the plant samples (mg·kg-1 DM)
Cultivar Fe Mn Zn Cu Co Ni Cr Pb Cd
Bohemia 156 ±8ab 34.2 ±1.7a 21.8 ±1.1b 6.20 ±0.33a 0.40 ±0.02b 2.40 ±0.02a 0.50 ±0.02c 2.15 ±0.11b 1.42 ±0.10b
Pobrežná 161 ±9b 31.3 ±1.5a 21.2 ±1.1ab 6.20 ±0.25a 0.10 ±0.01a 1.60 ±0.01a 0.30 ±0.01b 1.09 ±0.07a 0.93 ±0.05a
Pražská 76 ±5a 30.3 ±1.5a 12.8 ±0.9a 4.20 ±0.22a 0.30 ±0.03ab 2.40 ±0.02a 0.20 ±0.01a 2.95 ±0.16c 1.37 ±0.08b
Notes: different letters mean statistically significant (p <0.05) differences between cultivars

Figure 1	 Principal component analysis (PCA) biplot showing the relationships among heavy metals and the distribution 
of chives cultivars
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Soil contamination by heavy metals in  agricultural 
contexts has been assessed, with some studies finding 
low ecological risk and human health risk for certain 
areas growing hotbed chives. However, heavy metals 
from various sources, including traffic, industrial 
activities, and agricultural activities, may still present 
contamination concerns (Gong et al., 2022). Some 
agronomic practices have been found effective 
in mitigating metal uptake by chives and related crops. 
For instance, intercropping with sunflower or garlic 
can reduce the  bioavailability and root uptake of Cd 
and Pb by modifying rhizosphere pH and altering 
metal chelation and competition processes (Thang et 
al., 2019). 

To better understand the  interrelationships among 
elements and the differentiation of A. schoenoprasum 
cultivars based on their elemental composition, 
a principal component analysis (PCA) was performed 
using standardized values. The  first two principal 
components (PC1 and PC2) together accounted for 
approximately 90–95% of the total variance, allowing 
a  clear visualization of cultivar grouping and metal 
associations (Figure 1).

PC1, which explained around 70% of the  total 
variance, was strongly and positively correlated with 
the  essential micronutrients Fe, Mn, Zn, Cu, and Cd, 
representing a general nutrient accumulation axis. PC2 
(explaining approximately 20–25% of the  variance) 
was mainly associated with Pb, Cr, and Ni, reflecting 
the variability linked to potentially toxic elements and 
soil-derived inputs.

The PCA biplot revealed two distinct patterns. Cultivars 
Bohemia and Pobrežná were closely clustered 
in the positive region of PC1, characterized by relatively 
high levels of Fe, Mn, Zn, and Cu, indicating a balanced 
and nutritionally favorable elemental composition. 
In contrast, cv. Pražská was clearly separated along PC2 
due to its higher Pb content and lower concentrations 
of essential micronutrients. This separation highlights 
cultivar-specific differences in  metal uptake and 
translocation efficiency, which may be related to 
genetic variability and soil-root interactions.

Overall, the PCA results confirmed that the elemental 
composition of chives is cultivar-dependent, with 

the main variation driven by Fe, Zn, and Cd on one axis, 
and Pb and Cr on the other. These findings are consistent 
with previous studies reporting genotype-dependent 
metal accumulation patterns in  Allium species 
(Soudek et al., 2009; Cavanagh et al., 2019; Lidiková 
et al., 2021; Čeryová et al., 2023; Czarnek et al., 2023). 
The  combined interpretation of the  univariate and 
multivariate analyses demonstrates that all examined 
chives cultivars accumulated essential elements within 
nutritionally relevant ranges, while maintaining low 
levels of toxic metals. The calculated bioaccumulation 
factors (BAFs) for chives cultivars revealed generally 
low metal transfer efficiency from soil to plant tissue, 
with values well below 1 for all elements except 
cadmium (Table 3). These results are consistent with 
previous findings for related taxa (Sipter et al., 2009; 
Gordanić et al., 2023; Vuković et al., 2023; Din et al., 
2024).
The highest BAFs were observed for Cd (0.43–0.65) and 
Zn (0.15–0.25), indicating a moderate ability of chives 
to accumulate these elements. In contrast, Fe, Mn, Co, 
Ni, and Cr exhibited very low BAFs (<0.05), suggesting 
limited root uptake and translocation to aboveground 
tissues. Among cultivars, Bohemia and Pražská showed 
slightly higher Cd bioaccumulation (0.65 and 0.63, 
respectively) compared with Pobrežná (0.43), while Pb 
accumulation remained low in all cultivars (0.03–0.09). 
Zinc and copper, both essential micronutrients, also 
showed moderate accumulation efficiency, reflecting 
their physiological importance in enzymatic and redox 
processes. Overall, the results indicate that chives act 
as moderate accumulators of Cd and Zn, but exhibit 
strong exclusion capacity for Pb, Cr, and Fe. The  low 
BAF values (<1) confirm that the  studied cultivars 
were grown under safe soil conditions and do not pose 
a  toxicological risk to consumers. However, cultivar-
specific differences suggest potential genotypic 
variation in metal uptake and translocation efficiency 
that may influence the nutritional and safety profile of 
the final product.
The limited lead accumulation observed 
in  the  present study is consistent with previous 
findings on the  restricted Pb uptake ability of Allium 
schoenoprasum. Alikasturi et al. (2020) reported that 
A. schoenoprasum failed to absorb Pb when grown 

Table 3	 Bioaccumulation factor of monitored cultivars 
Cultivar Fe Mn Zn Cu Co Ni Cr Pb Cd
Bohemia 0.005 0.04 0.25 0.21 0.03 0.04 0.01 0.07 0.65
Pobrežná 0.005 0.04 0.24 0.21 0.01 0.03 0.01 0.03 0.43
Pražská 0.002 0.04 0.15 0.14 0.02 0.04 0.00 0.09 0.63
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in  distilled water, mineral water, and surface water 
media, indicating a  very low affinity for lead uptake 
from aqueous environments. In  contrast, Allium 
fistulosum demonstrated a  significant capacity to 
absorb Pb under similar conditions, suggesting species-
specific physiological differences in Pb transport and 
accumulation. Sapčanin et al. (2019), reported low 
concentrations of lead and cadmium in chives, which 
they attributed to the  generally good soil quality, 
minimal industrial impact, and effective agricultural 
practices in the region. Barazani et al. (2004) reported 
that chives cultivated in Hoagland medium with 50 and 
250 μM Cd accumulated up to 0.2 and 0.5% Cd in dry 
weight after 28 days, respectively, without visible 
toxicity at moderate exposure levels. Moreover, repeated 
shoot harvesting for 96 days under 50 μM Cd conditions 
did not induce stress symptoms, indicating strong 
physiological tolerance. The  authors suggested that 
sulfur-containing compounds, rather than glutathione, 
play a  key role in  Cd detoxification mechanisms. 
Eisazadeh et al. (2018) investigated the phytoextraction 
potential of chives grown in  Cd-contaminated soils 
and found that cadmium accumulated predominantly 
in  the  roots, with limited translocation to aerial 
parts. The ratio of Cd concentration in  shoots to that 
in roots remained below 1 at all tested contamination 
levels and decreased further with increasing soil Cd 
concentrations, confirming restricted Cd mobility and 
strong root retention capacity. The  authors reported 
the maximum Cd absorption and uptake rate, as well 
as the shortest clean-up time, at a soil Cd concentration 
of 60 mg·kg-1, suggesting that A. schoenoprasum can 
tolerate moderate contamination while contributing to 
soil remediation through root accumulation.

Similarly, studies on other Allium species confirm that 
metal accumulation patterns and tolerance levels are 
metal- and species-dependent. Soudek et al. (2009) 
reported that plant species belonging to the  genus 
Allium are capable of accumulating relatively high 
concentrations of heavy metals; however, they also 
noted that the  translocation of metals from the  root 
system to above-ground tissues (bulbs and leaves) 
was very limited. In  contrast, our findings do not 
fully support this observation, as we recorded 
comparatively high concentrations of several metals 
in chive leaves. This discrepancy may be attributed to 
differences in  cultivar characteristics, soil properties, 
and environmental conditions, which can substantially 
influence metal mobility and distribution within plant 
tissues. Gharehbaghli and Sepehri (2022) reported that 
garlic (Allium sativum L.) cultivated hydroponically with 

cadmium chloride and sodium hydrosulfide exhibited 
significant growth inhibition and reduced biomass, 
accompanied by high Cd accumulation in  both roots 
and shoots. Liu et al. (2009) and Carabulea et al. (2022) 
demonstrated that Pb exposure negatively affected 
the  growth and development of A. sativum plants, 
with the highest accumulation occurring in roots and 
substantially lower concentrations detected in  bulbs 
and leaves. Aljuhaimi et al. (2025) reported that among 
various metals analyzed in different anatomical parts 
of the  leek, heavy metals, such as Cd, Pb, Cr, Ni, and 
Cu, were found only in trace amounts across the roots, 
leaves, and bulbous layers.

Conclusions
The study revealed that the  analyzed soil contained 
moderate levels of heavy metals, with slightly 
mobile forms of Cd and Pb exceeding critical values, 
suggesting potential plant uptake. Nevertheless, 
all examined A. schoenoprasum cultivars remained 
within EU safety limits, both on a dry and fresh weight 
basis. PCA differentiated the  cultivars by their metal 
profiles, grouping Bohemia and Pobrežná together due 
to higher Fe, Zn, and Cu contents, while Pražská was 
separated by elevated Pb. Bioaccumulation factors 
(BAF <1) indicated limited metal transfer from soil to 
plants, except for moderate Cd and Zn accumulation. 
Overall, the cultivars showed good nutritional quality 
and low contamination risk, suggesting that chives can 
be safely grown in similar soils, provided that Cd and 
Pb mobility is regularly monitored.
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