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Abstract       Celery and stinging nettle are leafy vegetables that are 
commonly used in human nutrition. In addition, both plants are recognized as 
bioindicators of metal accumulation in soil. The present study comparatively 
investigates trace metal accumulation in celery and stinging nettle leaves 
under similar environmental conditions. Soil, celery and stinging nettle leaves 
were collected from the village of Temeresti (Timis County). Metal 
concentrations were assessed by flame atomic absorption spectrophotometry. 
Our results showed that both leafy vegetables are proper for human 
consumption and pose no threat to human health; in addition, they share a 
similar capacity of accumulating metals from the soil. Further studies are 
required to find out if such convergent patterns of trace metal accumulation 
among different plant species are common in terrestrial ecosystems.   

Key words 
 
celery, stinging nettle, trace 
metal, bioaccumulation, 
bioindicator plant  

 
Apium graveolens (var. dulce), also known as celery, is 

an umbrella-shaped biennial plant species in the family 

Apiaceae. The leaves are pinnate or bipinnate shaped 

leaves with rhombic leaflets 3–6 cm long and 2–4 cm 

broad (1). Because the fresh celery leaves have a 

distinct aromatic, astringent flavor they are commonly 

used as aromatic herbs/spices in many cuisines 

throughout the world (2). It was shown that the extract 

of celery leaves have a high antioxidant activity (3) and 

contains significant amounts of luteolin, a potentially 

health-defensive and disease-preventive flavonoid (4). 

A 100-gram serving of celery leaves introduces 34.8 

calories, 8.2 grams of carbohydrates, 3.9 grams of 

fiber, 325 milligrams of calcium, 0.20 milligrams of 

iron, 3.5 milligrams of vitamin E, 0.3 grams fat/ and 10 

milligrams of iodine into the human nutrition (5). 

Therefore, celery leaves are suitable for patients with 

diabetes, iron deficiency anemia, hypertension and 

atherosclerosis (2). 

Urtica dioica, also known as stinging nettle or 

common nettle, belongs to nettle genus Urtica, and is a 

herbaceous perennial flowering plant (6). Native to 

Euroasia, North America and northern Africa, this 

plant has been used in human nutrition and medicine 

since Antiquity (7). Nettle leaves are rich in vitamins A 

and C, iron, calcium, manganese, and potassium (8). 

Young nettle leaves were harvested in spring and used 

as cooked plant or to make a pot-herb both by 

Europeans (9, 10) and Native Americans (11).  

Similar in flavor to spinach, tasty and rich in vital 

microelements, nettle leaves are commonly used in 

human nutrition, particularly in Northern and Eastern 

Europe, in a variety of recipes (e.g., polenta, pesto, 

purée) (11). However, indiscriminate introduction of 

nettles into the human diet nettle leaves consumption 

must be treated cautiously as nettle meal was found to 

induce hypercholesterolaemia in mature guinea-pigs 

and kidney hypertrophy in mice and guinea-pigs (12). 

Besides their native microelement content, both celery 

(13,14) and stinging nettle (15,16) are well known for 

their ability to accumulate pollutants, including trace 

elements, from the environment. By employing these 

two features, the present study comparatively 

investigates microelement accumulation in celery and 

stinging nettle leaves to assess their benefits to human 

nutrition and health. 

 

Material and Methods 
 

Sampling and preparation of soil and vegetation  
Both celery and stinging nettle leaves have been 

collected in April 2011 from a vegetable garden in the 

village of Temeresti (Timis county, latitude: 45.8667° 

N, longitude: 22.2167° E). To wash off potential air 

pollutants, for each plant three leaf samples (50 g each) 

were tapped, separated, and rinsed two times in 

distilled water. Next, the leaves were oven dried at 

105°C to constant weight. Then, the dried samples 

were crushed with a mortar, passed through a 2 mm 

sieve, and kept for further analysis at room temperature 

(t = 22°C). The soil samples were collected in triplicate 

(50 g/sample) from the top 20 cm layer. A microwave 

oven was used for rapidly drying soil samples. The soil 

samples were disaggregated and homogenized before 

being sieved to 2 mm (soil metal concentration 
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analysis), and then stored at ambient temperature (t = 

22°C) for further analysis. 

 

Chemical analysis 

The leaf samples were digested in the muffle furnace 

.The temperature was stepwise increased up to 550°C 

till the white ash was formed. The ash was dissolved in 

0.5 N HNO3 and filtered through ash-free filter paper 

before analysis. Then, each leaf sample volume was 

made up to 50 mL with 0.5 N HNO3. After that, 10 g of 

dried and ground soil per each sample was put in test 

tubes. Metals were passed out from soil to solution by 

wet extraction/proceeding, and the solution was filtered 

through sterile filter paper before analysis. Finally, for 

each soil sample, the volume was made up to 50 mL 

with 0.5 N HNO3. 

Measurements of trace metal (Cu, Zn, Ni, Cr, Co, Pb, 

Cd) concentrations in soil, nettle and celery leaves 

were performed carried out in the laboratory 

(Environmental Research Test Laboratory, Banat`s 

University of Agricultural Sciences and Veterinary 

Medicine from Timisoara, Romania). All samples were 

weighed on an analytical balance to the nearest 0.1 mg 

- the leaf samples both as fresh and dry matter whereas 

the soil samples only as dry matter. Merck `Suprapur` 

nitric acid (65%, ρ = 1.39 g/cm
3
, Merck KGaA, 

Darmstadt, Germany) was used to prepare the digestion 

solutions, 0.5 N HNO3.The metal concentrations in the 

filtrate were determined by flame atomic absorption 

spectrophotometry with high resolution continuum 

source (Model ContrAA 300, Analytik Jena, 

Germany). Soil metal concentration was expressed as 

milligram per kilogram dry weight (mg kg
-1

 d.w.) 

whereas the leaf metal concentrations were shown as 

milligram per kilogram fresh weight (mg kg
-1

 f.w.). 

Double distilled water (spectroscopic pure) was used 

for the preparation of reagents and standards. All 

chemicals were trace metal grade (Suprapur). All 

glassware was treated with Pierce solution 20% (v/v), 

rinsed with cold tap water followed by 20% (v/v) nitric 

acid and then rinsed with double-distilled water. For 

quality control purposes all blanks and duplicate 

samples were analyzed during the procedure. NCS 

Certified Reference Material-DC 85104a and 85105a 

(China National Analysis Centre for Iron & Steel) was 

analyzed for quality assurance. The variation 

coefficients were below 10%. The blank reagent and 

standard reference soil were included into each sample 

batch to verify the accuracy and precision of the 

digestion procedure and also for subsequent analyses. 

 

Statistical analysis 

Firstly, trace metal accumulation in celery and nettle 

leaves was analyzed by descriptive statistics (mean, 

standard deviation). Because of the small size of 

samples (n = 3), a non-parametric test (Mann-Whitney 

paired comparisons test) was used for assessing 

differences in trace metal accumulation among celery 

and nettle leaves. A p value < 0.05 was considered 

significant. 

To allow quantitative comparison of transfer from soil 

to investigated leaf vegetables, the bioaccumulation 

factors (BAF) were calculated for each trace metal (Cu, 

Zn, Ni, Cr, Co, Pb, Cd) according to formula: 

s

v

MA

MA
BAF  

Where MAv = metal concentration in vegetation, MAs 

= metal concentration in soil.  

BAFs were then analyzed by descriptive statistics 

(mean, standard error, range). All statistical analyses 

were performed by using and past software package - 

Paleontological Statistics Software Package for 

Education and Data Analysis (17). 

 

Results and Discussions 
 

Soil concentrations were within the normal values for 

all investigated metals (Table 1). Hence, according to 

Romanian Soil Quality regulations (18) it was 

concluded that leafy vegetables have originated in an 

area with low metal accumulation in soil. Pb 

concentrations in both celery and nettle leaves reached 

at most half of maximum admitted level (MAL). 

Although the Cd level was higher in nettle leaves, the 

mean value attained only 33.33% of MAL value. 

Therefore, leafy vegetables from the investigated area 

are proper for human consumption and pose no threat 

to human health. 
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Table 1 

Metal concentrations in soil, celery and nettle leaves 

 
 Cu Zn Ni Cr Co Pb Cd 

Soil 

(ppm dry weight) 
21.05±5.96 77.00±10.22 21.86±7.49 20.05±1.55 14.22±1.73 13.22±2.51 0.80±0.23 

Normal values 

(ppm dry weight) 
20 100 20 30 15 20 1 

Warning threshold 

(ppm dry weight) 
100 300 75 100 30 50 3 

Intervention threshold 

(ppm dry weight) 
200 600 150 300 50 100 5 

Celery leaves 

(ppm fresh weight) 
1.60±0.33 6.80±1.31 0.83±0.39 0.00±0.00 0.78±0.21 0.28±0.07 0.00±0.00 

Nettle leaves 

(ppm fresh weight) 
1.33±0.47 6.70±0.93 0.30±0.19 0.11±0.02 0.15±0.07 0.21±0.09 0.06±0.03 

Maximum admitted level 

(ppm fresh weight) 
- - - - - 0.50 0.20 

 

BAF values generally varied within closely related ranges for both leafy vegetables, as follow: 

 Cu : 0.07 – 0.08 (celery leaves), 0.06-0.07 (nettle leaves); 

 Zn : 0.08 – 0.10 (celery leaves), 0.06-0.11 (nettle leaves); 

 Ni : 0.02 – 0.09 (celery leaves), 0.01-0.02 (nettle leaves); 

 Cr : 0.00 (celery leaves), 0.00-0.01 (nettle leaves); 

 Co: 0.04 – 0.08 (celery leaves), 0.01-0.02 (nettle leaves); 

 Pb : 0.02 (celery leaves), 0.01-0.02 (nettle leaves); 

 Cd : 0.00 (celery leaves), 0.06-0.09 (nettle leaves); 

 

 

 
 

Fig. 1. Metal BAFs for celery and nettle leaves. Data are expressed as mean ±standard error (X ± SE). 

 

Legend. Cu-CL – BAF for Cu in celery leaves; Zn-CL – BAF for Zn in celery leaves; Ni-CL – BAF for Ni in celery 

leaves; Cr-CL – BAF for Cr in celery leaves; Co-CL – BAF for Co in celery leaves; Pb-CL – BAF for Pb in celery 

leaves; Cd-CL – BAF for Cd in celery leaves; Cu-NL – BAF for Cu in nettle leaves; Zn-NL – BAF for Zn in nettle 

leaves; Ni-NL – BAF for Ni in nettle leaves; Cr-NL – BAF for Cr in nettle leaves; Co-NL – BAF for Co in nettle 

leaves; Pb-NL – BAF for Pb in nettle leaves; Cd-NL – BAF for Cd in nettle leaves. 
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As shown in Figure 1, BAF was higher for Cd and Cr 

in nettle leaves, whereas Cu, Ni and Co accumulated 

higher in celery leaves. In contrast, BAFs registered 

close values for Zn and Pb in both nettle and celery 

leaves. However, no significant differences were found 

for between BAFs in celery and nettle leaves (0.06 < p 

< 0.11, Mann-Whitney paired comparisons, df = 1) for 

any of the investigated metals (Cu, Zn, Ni, Cr, Co, Co, 

Pb, Cd). Therefore, these two leafy vegetables appear 

to share a similar capacity for accumulating metals 

from the soil. Such data deserves to be further 

investigated to find out if convergent patterns of trace 

metal accumulation can occur in different plant species 

under similar environmental conditions. These findings 

enhance the basic knowledge of trace element 

accumulation in terrestrial food chains and raise new 

questions concerning the applicability of leafy 

vegetables as bioindicator plants in environmental 

monitoring studies and as microelement concentrator in 

human nutrition and health. 

 

Conclusions 
 

Leafy vegetables from the investigated area are proper 

for human consumption and pose no threat to human 

health. Both celery and stinging nettle leaves share a 

similar capacity for accumulating trace metal (Cu, Zn, 

Ni, Cr, Co, Co, Pb, Cd) in their leaves. This convergent 

pattern of metal accumulation not only highlights the 

potential of these two leafy vegetables to be used in 

environmental monitoring studies, but also reflect their 

benefits to human nutrition and health as vectors of 

essential trace elements. 
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