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Abstract 

 

Determination of some inorganic components, mainly heavy metals, in agricultural 

crops is frequently required in health-related environmental studies, due to high toxicity of 

trace amounts of such elements for human organism. The main sources of trace elements to 

culture plants are their growing media, as soil-water-air ecosystem from which those nutrients 

are taken up by the root to the foliage. In order to evaluate the anthropogenic contamination 

of culture crops with toxic elements, samples of different crops and crop parts were analyzed 

by using photon neutron activation method followed by high resolution γ-ray spectrometry. 

The analysis of the elemental concentration data showed always the inputs coming from 

industrial emissions as well as from fertilizers. For example, the survey showed that in the 

monitored area bordering a high industrialized urban area there are zones with significantly 

higher concentrations of Co, Cr, Fe, Mn and Sb and other trace heavy metals and essential 

elements as Ca, Cr, Cs, Cu, Mo, Na, Pb and Zn linked to the hard industry, urban traffic and 

agricultural practices.  
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Introduction 

 

We initiated a project the last two years on the theme Food security and environmental 

changes (2009-2011) in order to get knowledge on accumulation of certain elements from the 

soil in those culture plants since the subsequent intake of them by the consumers might bring 

a slow hazardous effect to their health. In order to understand the level of risk, if any, posed 

by trace heavy metal accumulation, it is necessary to trace the "pathway" by which the risk 

could happens. Some common factors can be identified such as the current levels of heavy 



metals in agrisoils, whether these levels are increasing and at what rate, and what factors 

influence the uptake of heavy metal from soil by crops (so entering the food chain). 

The main purpose of the present research was to determine the extent to which 

industrial inorganic pollutants are transferred to the chosen culture plants belonging to the 

investigated area in order to establish the quality of the consumed crops. Then the tasks of the 

present research were connected with the determination of concentrations of essential 

chemical elements and heavy metals in selected culture plants, namely, Apium graveolens and 

Petroselinum crispum, in relation with the growing soil. 

 

Materials and methods 

 

The environmental samples were collected from the agricultural area surrounding the 

high industrialized town of Craiova. The analyses were carried out on the crop material with a 

granulation of fractions <2 mm. Aliquots of 2 g of each sample and SRMs (СП-3 and РЖИ) 

were used for IPNAA analysis. The fresh/dry mass ratio determined for crops were 6.85 and 

7.52 for celery pulp and respectively, parsley pulp. 

The analytical methodology of IPNAA at MT-25 was largely described in our previous 

papers (see list of references). Photonuclear reactions and γ lines of some radionuclides in 

Table 1 are shown. 

 

Results and discussion 

 

Based on the analysis of culture plant samples from various studies, Romanian 

authorities have a national average baseline (that is, the "natural" background level in crops) 

levels for chemical constituents, consistent across all regions and soil types. Some results on 

the concentrations obtained in studied crops are compared with the baseline values as 

presented in Table 1. Almost in all cases the levels of the elements recorded in plants are 

under the maximum allowable levels in Romania. However, the overloading normal limit 

concentration value established in Romania for Fe, Na and Ca in crops was clearly shown. 

Element ratios for agricrops and root soil samples were calculated and represented in 

Figure 1. Relative to the control zone, higher concentrations were found for some essential 

elements and trace heavy metals in celery and parsley grown on the contaminated soils.  



The concentration of elements such as Ca, Co, Cr, Cu, Cs, Fe, Mn, Re, Sb and U in 

parsley pulp, Co, Cu, Sb and Th in celery pulp, Cr and U in celery peal, and Mn in parsley 

leaves overload several times the control values. 

The model also showed human activity resulted in increased content of some essential 

and heavy metals concentrations in studied crops and soil in the investigated region. 

 

Table 1. Photonuclear reactions and γ lines of some radionuclides 

 

 
 

Conclusion 

 

The piece of work in the considered study under the thematique Food security and 

environmental changes revealed some features of the culture plants grown on the studied 

territory. Determination of some essential elements and trace heavy metals in chosen crops 

and their root soil samples collected in investigated area by IPNAA analyses has been 

accomplished.  

The monitoring studies reunited iun this research based on the best-available existing 

information on "normal" concentration levels in Romania performed a suitable estimation of 

Element Reaction Eγ, keV T1/2, d 

Cr 
 

52Cr(γ,n)51Cr 320.1 17.7 

Fe 56Fe(γ,n)56Mn 847 2.6 h 

Ni 
 

58Ni(γ,n)57Ni 1345.8 1.5  

Cu 65Cu(γ,p)64Cu 184.6 12.7 h 

Zn 68Zn(γ,n)67Cu 184.6 243.8 

As 75As(γ,n)74As 595.9 
634.8

17.8 

Sb 
 

123Sb(γ,n)122Sb 564 2.68 

Pb 
 

204Pb(γ,n) 203Pb 279.1 2.171 



the cumulative impact of the anthropogenic emissions on the agricrop production under an  

industrialized urban area.  

 

Table 2. Significant element concentrations of celery and parsley root sampled 

in the investigated area 
 

Romanian norms Romanian norms Element Conc. (mg/g) 

Apium graveolens

root 

 Normal MAL 

Conc (mg/g) 

Petroselinum 

crispum root 
Normal MAL 

As 0.25±0.06   0.3 0.23±0.04   0.5 

Ca 103±7 90   695±38 500   

Fe 17.9±0.6 10   13±6.9 10   

Mn 7.3±0.7     11±1.2     

Na 285±16 200   1460±143 1000   

Zn 8.5±0.7   10 10.3±0.5   15 

 

 

 

 
 

Figure 1.  Element concentration factors in studied agricrops versus growing soil 

 



Loading estimates (allowing for losses) in crops and crop parts suggest that the current 

accumulation rate may gives an indication of uptake trends of the elements in crops grown in 

different polluted environments. This result seems to be a pattern of the model, but if 

validated by empirical observation, may have important implications for farm sustainability 

and its accuracy should be further investigated.  

In all cases the metal concentrations found in the culture plants and agricultural soils 

from the areas studied were less polluted than the maximum allowable (MAL) levels. 

Therefore they are considered as safe to entering the food chain targeting the human dietary.  
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