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Abstract. Leafy vegetables cultivated in kitchen gardens in contaminated areas often accumulate 

excessive amounts of heavy metals and pose a threat to human health. Zinc (Zn), one of those metals, 

is an essential element for plants, animals, and humans, but it is toxic when its content in soil exceed the 

threshold values. Even if its toxicity is not so high as cadmium toxicity, the constant monitoring of Zn in 

various food crops cultivated in contaminated areas should not be neglected. This study attempts to 

quantify quality and safety of some leafy vegetables grown in individual gardens from the contaminated 

area of Copșa Mică, Romania. The Zn contents in leafy vegetables were positively correlated to the total 

contents of Zn in soil. Additionally, models were developed to predict the accumulation of Zn in different 

leafy vegetables (parsley, celery and lettuce) based on the Zn content in soils. The results of this study 

are important to estimate the Zn accumulation in vegetables from individual gardens, while also 

improving the safety of foodstuff produced in contaminated areas. 
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Introduction. Zinc (Zn) is an essential trace element, of a great importance in human 

dietary nutrition and health, but since there is no specialized Zn storage system in the 
human body, a daily intake of Zn is necessary to maintain a steady state. On the other 

side, acute as well as chronic exposure to overly high concentration of zinc could also 
bring detrimental impact to human health (Wong et al 2019). Islam et al (2007) 

considered that the knowledge of Zn toxicity in humans is minimal. The most important 

information reported is its interference with Cu metabolism. The acute symptoms that an 
oral Zn overdose may provoke include: tachycardia, vascular shock, dyspeptic nausea, 

vomiting, diarrhea, pancreatitis and damage of hepatic parenchyma (Salgueiro et al 
2000).  

The accumulation of heavy metals from soils into vegetables has been studied 
extensively due to the close relation of vegetables to human health. Studies on the 

concentrations of Cd, Cu and Ni in five different edible vegetables. from three industrial 
and three residential areas of Lagos City, Nigeria, concluded that these heavy metals in 

industrial areas were much higher than those of the residential areas (Yusuf et al 2003; 

Chao et al 2007). Zinc is required at optimal concentration of 20 μg g-1 dry weight (d.w.) 
for the normal functioning of cell metabolism as well as for the plant growth and 

development. For most crop species, the critical toxicity concentration in leaf tissue 
ranges from 100 to 300 μg g-1 d.w., but rather close to the upper limit (Rouphael et al 

2016). 
Huang et al (2018) analyzed the heavy metal contents in vegetables in a peri-

urban area in southeast China and showed the hazard index caused by the intake of local 
heavy-metal-containing vegetables was significantly higher than 1, indicating significant 

adverse health effects on local residents. Zinc is one of the main contaminants that posed 

a risk to the public health at Copșa Mică, Romania, an area affected by the pollution 
caused by a large factory for non-ferrous ores. Despite of the historical contamination 

with heavy metals, the individual gardens are still important for local communities. 
Ćwieląg-Drabek et al (2020) considered that within such gardens, it would be desirable to 
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abandon vegetable and fruit crops that may be harmful to consumers and use them only 

for recreational purposes. In Copșa Mică area, despite ceasing highly contaminated fields 

culture by the local community, to avoid the harmful effects of metals on human health, 
there are still many individual gardens where owners continue to produce vegetables for 

consumption. 
The main source of heavy metals in the environment is soil. Therefore, this 

environmental component plays an essential role in the natural cycle of metals. 
Vegetables absorb metals, mainly through the root system, from a contaminated soil 

solution. These metals can also get into the plant through leaf blades on which they have 
been deposed (Wang et al 2005). Data from previous studies indicates that vegetables 

parts could be ordered, according to their decreasing ability to accumulate heavy metals 

in edible parts, as follows: leafy/stem vegetables ˃ root vegetables ˃ tubercles ˃ fruiting 
vegetables/fruits (Agrawal et al 2007; Hartke et al 2013). Besides the vegetable species 

and cultivars affinity, the zinc uptake is also governed by the physical-chemical 
parameters of soils (Pajević et al 2018). 

The main leafy vegetables identified in private gardens of the contaminated area, 

were lettuce, celery and parsley. A better understanding of the influence of Zn 
accumulation in leafy vegetables is critical to produce vegetables with optimal amounts of 

Zn. Therefore, this study attempted to evaluate the quality of some leafy vegetables 
grown in individual gardens of the Copșa Mică contaminated area. The study will provide 

a theoretical reference for a safe production of leafy vegetables in contaminated areas.  
 

Material and Method. The present study was carried out during 2019–2021 in Copșa 
Mică, Romania, one of the critical areas in terms of heavy metals contamination. The 

studied area includes seven localities: Axente Sever, Agârbiciu, Soala, Micăsasa, Târnava, 

Copșa Mica and Bazna. This area presents the highest risk of food chain contamination 
with heavy metals through the local production of plants, due to the large abundance of 

agro-systems in the structure of local socio-ecological systems.During this study, 55 soil 
samples, together with 55 parsley (Petroselium crispum), 45 celery (Apium graveolens) 

and 20 lettuce (Latuca sativa) samples were collected from private gardens located in the 
contaminated area. Each soil sample was a mixture of 6 sub-samples that were collected 

from the surface soil (0-20 cm). The corresponding leafy vegetables were a mixture of 
shoots and leaves from mature plants from each garden. The withered and decay tissues 

were removed from the leafy vegetable samples and then the edible parts were washed 

twice in tap water before being cut and frozen. 
The soil samples were air-dried at room temperature and then crushed and sieved 

through 2 and 0.2 mm meshes, before storage and analysis. Soil pH was measured using 
the potentiometric method (soil:water ratio of 1:2.5 w/v) according with Romanian 

Standard STAS 7184/13-2001. The soil organic carbon content (SOC) was determined on 
0.2 mm grounded soil samples using the dichromate oxidation, followed by titration with 

ferrous ammonium sulphate (Walkley & Black 1934). The available phosphorus and 
potassium in soil were extracted with ammonium acetate lactate (AL extractable) at pH 

3.75 (Romanian Standard STAS 7184/19-82 based on the Egner–Riehm-Domingo 

method, Egner et al 1960) and analyzed by flame photometry (for potassium content) 
and UV-Vis spectrometry (for phosphorus content).The pseudo-total concentration of Zn 

was determined only in the soil samples by atomic absorption spectrometry, after 
extraction by the aqua regia – microwave digestion method. Microwave digestion was 

performed using 10 mL of aqua regia (7.5 mL HCl and 2.5 mL HNO3) at 140°C for 30 
min., a method developed according to the SR ISO 11466:1999 standard. A certified soil 

reference material (ERM–CC141) was used to ensure the accuracy of the analytical data. 
The average recovery value of Zn in the reference soil was 101 %. The vegetable 

samples were digested with nitric acid in a microwave digestion system. The metal 

content was measured using the atomic absorption spectrometry (Flame GBC 932AA).  
 

Statistical analysis. Means of data were compared by least significant difference tests 
at p<0.001. Linear regression analyses were performed using the statistical package 

STATISTICA CSS (Complete Statistical System by StatSoft, Tulsa, OK, USA). 
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Results and Discussion. A summary of the main soil chemical characteristics and metal 

contents are presented in Table 1. Soil pH ranged from slightly acid (pH 6.34) to slightly 
alkaline (pH 8.26), with a mean pH value of 7.47. SOC ranged from 1.47 to 3.92%, with 

an average value of 2.44%. Nitrogen content in soil ranged from 0.16 to 0.60%, with an 
average value of 0.27%. Available phosphorus (PAL) level ranged from 67 to 744 mg kg-1, 

with an average value of 379 mg kg-1 and KAL content ranged between 262 and 1,360 
mg kg-1, with an average content of 615 mg kg-1. The chemical parameters of soils 

collected from private gardens included in this study are affected by the high 
anthropization level and the diversity of cultivation practices. The heterogeneity of the pH 

values is an effect of the different cultivation practices such as liming, organic fertilization 
or irrigation used in the studied private gardens. The high values of available phosphorus 

and potassium obtained during this study indicate an excessive fertilization applied in 

these gardens. Also, the average contents for Cd, Cu, Pb and Zn exceeded the alert 
thresholds for an agricultural land use (according to the Order 756/1997). The highest 

value for zinc content was obtained for a soil sample collected from a private garden 
located in Axente Sever (3,168 mg kg-1). This value exceeds the intervention threshold 

established for less sensitive land use (1,500 mg kg-1). These soils have a great 
variability in their chemical parameters, as well as in the range of their multiple 

contaminations. 
 

Table 1 

Summary of soil properties and metals contents in soil 
 

Soil  
parameters 

UM 
Range of  
variation 

Geometric 
mean 

Median 
Arithmetic 

mean 

pH - 6.34-8.26 7.46 7.58 7.47 

Cd mg kg-1 0.10-35.81 2.77 4,92 6.03 
Pb mg kg-1 19-952 117 133 171 

Zn mg kg-1 71-3,168 336 358 526 
Cu mg kg-1 25-132 63 62 67 

Mn mg kg-1 219-910 569 621 592 
Organic C % 1.47-3.92 2.37 2.35 2.44 

Total N % 0.16-0.60 0.26 0.26 0.27 

Available P (PAL) mg kg-1 67-744 335 348 379 
Available K (KAL) mg kg-1 262-1,360 559 580 615 

 
According to different authors, trace elements can enter plants via two main routes: foliar 

and/or root uptake). These two pathways may act separately or in combination according 
to the environmental conditions and cultivation practices (Bidar et al 2020). The soil 

physical-chemical properties as pH, soil texture and depth of contamination, soil OM, 
salinity, redox potential, and nutrient status are known to be important factors that 

control the metals uptake in vegetables (Bidar et al 2020).  

The predictive approaches can be used to assess the influence of these 
parameters on the metals’ accumulation in vegetables. Bidar et al (2020) considered that 

in this type of model, the metal concentrations in plant tissues ([M]plant) are often linked 
to total and extractable metal concentrations in soil ([M]soil) by a regression relationship 

using a Freundlich-type equation (linear or log transformed data: [M]plant = 10a [M]b
soil  or 

log [M]plant = a + b log[M]soil). Therefore, in the current study, the total zinc content was 

used as variable to develop the stochastic models for estimating the zinc content of leafy 
vegetables.  The selection of this parameter was also based on the fact that it is the only 

indicator for which reference values are found in the regulations for assessing the degree 

of contamination (Order 756/1997). According to the log-log diagram (Figure 1), the 
parsley (leaf) plant accumulated high amounts of zinc. The values of zinc content in 

parsley were correlated with the total zinc content in soil by means of a power regression 
equation. 
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Total zinc content in soil (mg kg-1) 

     Znparsley= 2,7053 Zn0-20
0,2657 

 

lg(Znparsley) = 0,4322 + 0,2657 lg(Zn0-20) 
 

                r = 0,389**  ( n = 55 ) 

 
Figure 1. Log-log diagram for power regression curve that estimates the stochastic 
dependency between total zinc content in soil and zinc content in parsley (leaves). 

** the correlation coefficient (r) is highly significantly different from 0 (p˂0.001) 

 
According with data collected from the field study, the parsley (leaf) plant accumulated 

high amounts of Zn. The values of Zn contents in parsley leaves ranged between  
6.1 and 31 mg kg-1. The values of Zn content in plant’s tissues were correlated with the 

total Zn content in soil by means of a power regression equation. The value of the linear 
correlation coefficient (r=0.389**), corresponding to the linear form of the regression 

equation was highly significantly (p<0.001) indicating a good correlation between the 
metal content in parsley plant and Zn content in soil. Kachenco & Singh (2006) noticed 

that Zn content in plant is highly dependent on its concentration in soil and furthermore 

reported a higher uptake of Zn in leafy vegetables. In vegetables sampled from Copșa 
Mică area, the elevated soil Zn contents may have resulted in a greater uptake and 

accumulation of Zn.  
Celery (Apium graveolens L.) is one of the most important green vegetables, 

widely planted in the individual gardens from the studied areas. In order to assess the 
quality of these celery plants, 45 samples were collected. The Zn content values in celery 

collected during this study ranged between 8.8 and 63.2 mg kg-1. Figure 2 presents the 
dependency of the zinc accumulated in edible parts of celery (leaf) on the total Zn 

content in soil. 
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Total zinc content in soil (mg kg-1) 

     Zncelery = 2,1626 Zn0-20
0,4023 

 

lg(Zncelery) = 0,335 + 0,4023 lg(Zn0-20) 
 

                r = 0,628***  ( n = 45 ) 

 
Figure 2. Log-log diagram for power regression curve that estimates the stochastic 

dependency between total zinc content in soil and zinc content in celery (leaves). 

*** the correlation coefficient (r) is very highly significantly different from 0 (p˂0.001) 
 

The value of linear correlation coefficient (r=0.628***), corresponding to the linear form 
of the regression equation was very highly significant, indicating a very strong correlation 

between the zinc content in celery plant and the zinc content in soil. Sharma & Agrawal 

(2006) evaluated the effects of different concentrations of Cd and Zn on the uptake and 
accumulation of these metals in Daucus carota. The results showed that uptake and total 

accumulation rate of Cd and Zn were concentration dependent phenomena.  
Long et al (2003) and Islam et al (2007) studied the effects of excess zinc on 

plant growth of three selected vegetables, i.e. Chinese cabbage, celery and pakchoi. They 
found that excess Zn in growth media caused toxicity to all three vegetable crops and 

celery was the most sensitive to zinc toxicity. Lettuce is one of the most widely cultivated 
and consumed leafy vegetables worldwide (Bidar et al 2020). According to these authors, 

lettuce has a high capacity of heavy metals accumulation. 
In the current study, the values of zinc content in lettuce ranged between 2.4 and 

26.1 mg kg-1. The dependency of the zinc content in lettuce on the total zinc content in 

soil is presented in Figure 3. 
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Total zinc content in soil (mg kg-1) 

     Znlettuce= 0,0493 Zn0-20
0,8633 

 

lg(Znlettuce) = - 1,3072 + 0,8633 lg(Zn0-20) 
 

                r = 0,660**  ( n = 20 ) 

 
Figure 3. Log-log diagram for power regression curve that estimates the stochastic 

dependency between total zinc content in soil and zinc content in lettuce. 

** the correlation coefficient (r) is highly significantly different from 0 (p˂0.001) 

 
The value of the linear correlation coefficient (r=0.660**), corresponding to the linear 

form of the regression equation was highly significant, indicating a very strong correlation 
between the zinc content in lettuce leaves and the zinc content in soil. The observations 

presented by Fontes et al (2014) suggest that lettuce is among the plant species that 
tolerates high concentrations of Zn. Also, Moreira et al (2021) considered that despite the 

fact that Zn is an essential micronutrient, visible symptoms were detected for Zn content 

in soil as low as 300 mg kg-1, although the effects were much more pronounced at  
1,200 mg kg-1. After comparing the models, in order to describe the accumulation of zinc 

in parsley, celery and lettuce it could be concluded that the much higher slope of the Zn 
regression curve reflects a significantly larger Zn uptake by plant. According with our 

data, the studied leafy vegetables could be classified according to their decreasing ability 

to accumulate zinc in edible parts, as follows: lettuce ˃ celery ˃ parsley. The accumulated 
values are of a high order of magnitude, indicating a very high mass fraction of this 

element in the plant, resulting from its essential micronutrient character. Unfortunately, 
in the studied area, soil contamination is multiple and Zn is found in the soil along with 

cadmium and lead. This issue of metals transfer in the soil–plant system, together with 
food safety, became a major public concern in areas affected by a historical 

contamination from Copșa Mică. 

 
Conclusions. Even if the soil from private gardens, in the studied areas, are highly 

contaminated, the owners continue to use it to produce vegetables for their own 
consumption. Despite the fact that Zn is an essential micronutrient, accumulation of this 

element in soil and vegetables could pose serious problems for the food quality. Besides 
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the vegetable species, the Zn uptake by plants is also governed by the physical-chemical 

parameters of soils. The total Zn content of individual garden soils is considered as a 

good predicting parameter for the Zn concentration in parsley, celery and lettuce leaves 
and the regression equations developed during this study could be used for the 

quantitative assessment of Zn accumulation in these vegetables. Further research is 
needed to find out the variations in metal uptake by different vegetable species, and to 

elaborate a site-specific risk assessment guidelines for the identification and minimization 
of the potential health risks associated with the consumption of vegetables grown in 

contaminated areas. Also, it is very important to inform the local community about the 
existing threat and about the possible preventive actions for an effective management of 

the health risks in an environment contaminated with heavy metals. 
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