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Abstract 

Mercury (Hg) is a heavy metal, designated as a pollutant in the environment, due to its 

harmful effects on biota. Mercury pollution is a significant global concern, not only due to its 

increased levels in the environment, but also due to its toxic effect on human health across the 

food chain. The aim of this study was to determine the content of Hg in agricultural soils and 

main field crops. Total number of 84 bulked soil samples were taken (0-30 cm depth) from 

agricultural land. At the same plots, 84 plant crops (11 species – used as food and feed) were 

taken during the vegetation season 2018. The samples were analyzed for total Hg content 

using Direct Mercury Analyzer DMA 80 Milestone. The obtained results of Hg content in soil 

were within interval 0.003-0.37 mg kg
-1

. The average concentration of Hg was 0.08, with 

median 0.06±0.06 mg kg
-1

. Obtained values of Hg in soils were below maximum allowable 

concentration (MAC) and this interval is complied with the most cited range in soils up to 1 

mg kg
-1

 without known nearby contamination sources. It was found that Hg content is 

positively correlated with pH value, slit soil fraction, and CaCO3. The obtained results of Hg 

content in plant – field crops, were within interval 0.0001-0.9087 µg kg
-1

. Obtained maximum 

value is still far lower than MACs for feed and food. According to the average Hg content in 

plant species, obtained results were classified from highest to lowest, respectively: bean, 

alfalfa, maize, soybean, rapeseed, sunflower, barley, pepper, wheat, rye and tomato. 

 

Keywords: Mercury, Hg, Soil, Heavy metals, Field crops.  

 

Introduction 

Mercury (Hg) has been listed as a high priority pollutant by many international organizations 

due to its mobility and persistence in the environments and high toxicity to organisms (Jiang 

et al., 2006). A global response to solving this problem has been finalized by the adoption of 

the Minamata Convention on Mercury. The Minamata Convention on Mercury was approved 

and signed in Geneva in 2013 and entered into force in 2017. It is an international treaty 

designed to protect human health and the environment from the harmful effects of mercury 

(UNEP, 2019). Control and monitoring of anthropogenically introduced Hg throughout its life 

cycle is the key factor in fulfilling the obligations set by the Convention, and the Republic of 

Serbia is a signatory country to the treaty. 

Mercury is a metal that easily changes the aggregate state, it is volatile at 20
0
C, and migrates 

easily through the environment and builds compounds of different toxicity to biota. Natural 

sources of mercury released to the atmosphere include volcanoes, evaporation from soil and 

water surfaces, degradation of minerals and forest fires (Ottesen et al., 2013). The burning of 

fossil fuels, metal mining and industrial activities, such as ore processing and cement 

production, particularly coal and oil combustion and gold production, are the major 

anthropogenic sources of Hg release. Over the past several centuries, mining has been the 

dominant anthropogenic source of Hg (Amos et al., 2015). Soil contamination with mercury 

due to mining was studied worldwide (Odumo et al., 2014). More directly, soil contamination 

can be the result of liquid or solid Hg sources disposal, such as accidental spilling, mine 

tailings, landfills, polluted sewage sludge, etc. (Leterme and Jacques, 2015).  

mailto:jordana.ninkov@nsseme.com
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Hg in soil occurs in several ionic species and it is susceptible to transformations through the 

various processes. Mercury could be introduced and accumulated in soil through various 

pathways. On the other hand, Hg from soil could be released into the atmosphere, thus soil 

becomes an important source of Hg (Shi et al., 2013). Methylmercury (MeHg) is bioavailable 

and can be bio-accumulated within food webs. Many studies have confirmed Hg 

biomagnification in the food chain (Krasinska and Falandysz, 2015). 

The aim of this study was to determine the content of Hg in agricultural soils of central Serbia 

region and main field crops. 

 

Material and Methods 

Study was conducted as part of the Project: “Global assessment of the tolerance of field crops 

on dangerous and harmful substance in agricultural soil and irrigation water”, which is 

supported by the Ministry of Agriculture, Forestry and Water Management of the Republic of 

Serbia in 2018. 

Sample collection and processing 

Field activities were carried out during the second half of 2018. The locations of collected 

samples of agricultural land are shown in Figure 1 and belong to 6 statistical districts of the 

Republic of Serbia: East, Bor, South, West, Belgrade and Central District. Total of 84 bulked 

soil samples were taken from topsoil 0-30 cm using a probe drill. One composite soil sample 

represented 15-25 subsamples from production plots (up to 5 ha area).  

During field activities, total of 84 samples of plant material were taken also. Field and 

industrial crops were sampled after harvest as an average sample of seed from observed plot.  

Plots with forage crops were sampled immediately after cutting, as an average sample of 

aboveground part of alfalfa. Vegetable crops were collected as fresh samples of fruit (tomato 

and pepper), while bean was collected at the stage of mature seed as part of crops consumed 

in human diet. Samples of pepper and tomato were transported to the Laboratory in 

refrigerator cars.  

Laboratory analysis 

The pH value in 1:5 (V/V) suspension of soil in 1 mol/L KCl and water was determined using 

glass electrode according to ISO 10390 (2010). The carbonate content (CaCO3 content) was 

determined according to ISO 10693 (1995) volumetric method. The organic matter content 

was measured by oxidation using the sulphochromic oxidation method by ISO 14235 (1998). 

Particle size distribution was determined in the <2 mm fraction by the pipette method (Van 

Reeuwijk, 2002). The size fractions were defined as clay (<2 µm), silt (2-20 µm), fine sand 

(20-200 µm) and coarse sand (200-2,000 µm).The soil and plant samples were analyzed for 

total mercury content using Direct Mercury Analyzer DMA 80 Milestone. 

Statistical analysis 

Data were statistically processed by analysis of the main descriptive parameters and 

correlation coefficients (p≤0.05) using STATISTICA for Windows version 12 (Dell Inc. 

2016). 

Results and Discussion 

Mercury in soil 

Obtained values of total mercury content in this study vary in a wide interval, from 0.003 to 

0.37 mg kg
-1

. The results fall into the interval that is most often cited for mercury content in 

the soil without a known nearby source of pollution, and which amounts to 0.01–1 mg kg
-1

 

(Shi et al., 2013). Median value of mercury in this study is 0.06 mg kg
-1

±0.06 (Table 1), 

which also complies with the most cited mercury content in worldwide soils of 0.06 mg kg
-1

 

(Adriano, 2001). Obtained values match with national average for China soils of 0.065 and 

Liaoning Province of 0.064 mg kg
-1

 (Shi et al., 2013).  
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Based on analyses of 1,370 samples of agricultural soil of Vojvodina, median for this 

province of the Republic of Serbia is of somewhat lower value and amounts to 0.05 mg kg-1 

(Ninkov et al., 2017). High variation of coefficient of variation CV (72.5%) points out high 

heterogeneity of tested soil samples (Table 1); but this value is lower than the obtained for 

studies in Vojvodina (CV=119.9%). 

 

 
Figure 1. Layout of 84 taken soil and field crop samples in central Serbia 

 

Based on GEMAS project (Ottesen et al., 2013), where 2,148 agricultural soil samples from a 

large part of Europe were analyzed (33 countries, 5.6 million km
2
) at an average density of 1 

sample site/2,500 km
2
, median for mercury for agricultural arable land amounted to 0.03 mg 

kg
-1

 (Ap horizon, 0–20 cm). Median for Central Europe, where the Republic of Serbia 

belongs, amounted to 0.05 mg kg
-1

. It was determined within GEMAS project that the values 

of Hg in Central Europe are the highest, compared to Scandinavia, Baltic Countries and 

Southern Europe. On the map of Hg distribution across Europe (Ottesen et al., 2013), part of 

Serbia, which is the subject of present study, ranged from 0.0476 to >1 mg kg
-1

, while 

obtained values in our study are somewhat lower, i.e. Hg content in 25-75% percentiles were 

from 0.04 to 0.09 mg kg
-1

 (Table 1).  

Mercury concentrations in soil of the United States of America ranged from 0.0091 to 0.37 

mg kg
-1

 (Shacklette and Boerngen, 1984 in Wentz et al., 2014), similar to present research. 

Studies have shown that mercury concentrations in surface soil in the east part of USA are 

typically about twice those in the west part (Gustavsson and others, 2001 in Wentz et al., 

2014). High mercury concentrations in the Eastern USA generally reflect greater rates of 

atmospheric mercury deposition in this region (Wentz et al., 2014).  

Content of Hg in all tested samples was below the threshold of 2 mg kg
−1

, which is the 

maximum allowable concentration (MAC) for agricultural soils as prescribed by the laws of 

the Republic of Serbia (OG 23/1994). There is only one sample which is above of threshold 

limit of 0.3 mg kg
-1

 according to Decree on Limit Values in soil (OG 30/2018). The obtained 

results also indicated that the measured levels of Hg in the soil are not limiting factors for safe 

food production in Serbia. 
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Table 1. Statistical summary of total mercury content (mg kg 
-1

) in agricultural soils  

Statistical parameters Value 

Number of samples 84 

Minimum value  0.003 

Percentiles 25%  0.04 

Median  0.06 

Percentiles 75%  0.09 

Maximum values  0.37 

Average  0.08 

Standard deviation  0.06 

Coefficient of variation (%) 72.47 

 

Silt fraction content was in significant positive correlation with Hg content, while there were 

no positive statistically significant correlations with other soil fractions content (Table 2). 

Generally, as for the other elements, heavier soils have higher Hg content and lighter soils 

have lower Hg content. Mean concentrations of Hg in podzols, sandy soils and desert sands is 

0.06, while the mean concentration in loamy soils is 0.13 mg kg
-1

 (Hooda, 2010). In general, 

clays present negative charges, tend to undertake sorption of cations, and are associated with 

Hg retention in soil. It was found that mercury and mercury salts can adsorb strongly to soil 

particles, particularly clay minerals and iron oxides within neutral pH range (He et al., 2015). 

According to Roulet et al. (1998), the fine fraction (<63 μm) was two to seven times more 

concentrated in Hg than the medium (63-210 μm) and coarse (> 210 μm) fractions. However, 

some studies found no statistically significant differences that indicated a direct influence of 

clay contents on Hg concentrations in soil (Odumo et al., 2014).  

 

Table 2. Correlation coefficients between content of mercury (mg kg
−1

), various size soil 

fractions (%) and basic soil chemical properties 

 

Coarse 

sand % 

Fine 

sand % 

Silt 

% 

Clay 

% 

pH in 

H2O 

pH in 

KCl 

CaCO3 

% 

Organic 

matter % 

 Hg -0.065 -0.083 0.220* -0.040 0.262* 0.274* 0.634* 0.175 
clay (<2 μm), silt (2-20 μm), fine sand (20-200 μm), coarse sand (200-2,000 μm) 

 * p≤0.05, significantly correlated 

 

According to the established correlations shown in Table 2, Hg content was in statistically 

significant positive correlation to pH value (both, active in H2O and substitution in 1MKCl, 

acidity), and CaCO3 content, while statistically significant correlation was not found with 

organic matter content. In the previous studies (Rodriguez Martin et al., 2009; Ninkov et al., 

2017) negative correlation between pH value and Hg content was established. The both listed 

studies were on alkali soils, while observed soils in present research were mainly acidic soils 

with median value of pH 5.41±1.21. In the study of Rodriguez Martin et al. (2009), negative 

correlation of Hg with CaCO3 was found, while in some studies (Rodriguez Martin et al. 

2013; Ninkov et al., 2017) significant correlation between CaCO3 and Hg content was not 

found. 

Statistically significant correlation was not found between organic matter and Hg content, 

which is the opposite of previous studies (Rodriguez Martin et al. 2009, 2013; Shi et al. 2013; 

Ninkov et al., 2017). The strong link between Hg concentration and organic material content 

was also confirmed in study of Ottesen et al. (2013), especially in the relatively high Hg 

levels in the Scandinavian soils.  
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Mercury in plant materials 

As the result of high sensitivity of Direct Mercury Analyzer that was used in present study, 

mercury was detected in all samples of plant material, but in very small concentrations. The 

highest value in the study was 0.9 µg kg
-1

 in maize (Table 3). This value is still 10 times 

lower than allowed for animal feed, which, according to the Rulebook on the quality of 

animal feed (OG 39/2016), amounts 0.1 mg kg
-1

. According to Rulebook on food (OG 

90/2018), the limit for mercury content in fresh fruit and vegetables is 20, and for cereals and 

flour 30 µg kg
-1

, while values obtained in present study are far lower (Table 3). According to 

the average Hg content in plant species, obtained results were classified from highest to 

lowest, respectively: bean, alfalfa, maize, soybean, rapeseed, sunflower, barley, pepper, 

wheat, rye and tomato (Table 3). 

Statistical importance was not determined in the relation of Hg content in the soil and plant 

material. The majority of observed samples included the seed that plant protects from 

accumulation of harmful substances as its own generative part. Besides, observed vegetables 

and alfalfa were exposed to atmospheric deposition of Hg. Results of Niu et al. (2013) study 

indicated that Hg concentrations in the leaves of lettuce, radish, alfalfa and perennial ryegrass 

were the function of air Hg concentrations and time. 

 

Table 3. The concentration of Hg in plants (µg kg
-1

 of originally fresh matter) 

µg kg
-1

 wheat barley maize soybean sunflower rapeseed alfalfa tomato 

N 17 5 26 6 10 3 12 2 

Min. 0.0001 0.0150 0.0001 0.0001 0.0001 0.0001 0.2818 0.0001 

Max. 0.0552 0.0504 0.9087 0.0679 0.2252 0.0580 0.8519 0.0001 

Average 0.0122 0.0285 0.0507 0.0322 0.0286 0.0307 0.5296 0.0001 

N number of samples 

N=1: Rye 0.0001; pepper 0.0131; bean 0.8416 µg kg
-1

 

 

Conclusions 

The obtained results of Hg content in the soil were within interval 0.003-0.37 mg kg
-1

. The 

average concentration of Hg was 0.08, with median 0.06±0.06 mg kg
-1

. This interval 

complied with the most cited range in soils up to 1 mg kg
-1

 without known nearby 

contamination sources. It was found that Hg content is positively correlated with pH value, 

slit soil fraction, CaCO3. The obtained results also indicated that the measured levels of Hg in 

the soil are not the limiting factor for safe food production in Serbia. The obtained results of 

Hg content in plant – field crops, were within interval 0.0001-0.9087 µg kg
-1

. Obtained 

maximum value is still far lower than maximum allowable concentration for feed and food. 

According to the average Hg content in plant species, obtained results were classified from 

highest to lowest, respectively: bean, alfalfa, maize, soybean, rapeseed, sunflower, barley, 

pepper, wheat, rye and tomato. 

 

References 

Adriano DC (2001). Trace Elements in Terrestrial Environments: biogeochemistry, 

bioavailability, and risks of metals 2nd ed. Springer, Verlag. pp 415. 

Amos H., Sonke, J., Obrist D., Robins N., Hagan N., Horowitz H., Mason R., Witt M., 

Hedgecock I., Corbitt E., Sunderland E. (2015). Observational and modeling constraints 

on global anthropogenic enrichment of mercury. Environ Sci Technol 49: 4036-4047. 

He F, Gao J, Pierce E, Strong P J, Wang H, Liang L (2015). In situ remediation technologies 

for mercury-contaminated soil. Environ Sci Pollut Res 22: 8124–8147 

Hooda P. (ed) (2010). Trace Elements in Soils. Wiley-Blackwell Ltd. pp 501-502. 



Proceedings of the X International Scientific Agricultural Symposium “Agrosym 2019” 

1317 

Jiang, G.B., Shi, J.B., Feng, X.B., (2006). Mercury pollution in China. Environ Sci Technol 

40: 3672-3678. 

Krasinska G, Falandysz J (2015). Mercury in Orange Birch Bolete Leccinum versipelle and 

soil substratum: Bio-concentration by mushroom and probable dietary intake by 

consumers. Environ Sci Pollut Res doi:10.1007/s11356-015-5331-8 

Leterme B, Jacques D (2015). A reactive transport model for mercury fate in contaminated 

soil—sensitivity analysis. Environ Sci Pollut Res 22: 16830-16842 

Ninkov J., Marković B. S., Banjac D., Vasin J., Milić S., Banjac B., Mihailović A. (2017). 

Mercury content in agricultural soils (Vojvodina Province, Serbia). Environ Sci Pollut 

Res 24 (12):10966-10975. 

Niu Z., Zhang X., Wang S., Ci Z., Kong X., Wang Z. (2013). The linear accumulation of 

atmospheric mercury by vegetable and grass leaves: Potential biomonitors for 

atmospheric mercury pollution. Environ Sci Pollut Res 20: 6337-6343. 

Odumo BO, Carbonell G, Angeyo HK, Patel JP, Torrijos M, Rodriguez Martin JA (2014).  

Impact of gold mining associated with mercury contamination in soil, biota sediments 

and tailings in Kenya. Environ Sci Pollut Res 21: 12426-12435. 

Ottesen R. T., Birke M., Finne T. E., Gosar M., Locutura J., Reimann C., Tarvainen T., et al. 

(2013). Mercury in European agricultural and grazing land soils. Appl Geochem 33: 1-

12. 

Rodriguez Martin J.A., Carbonell Martin G., Lopez Arias M., Grau Corbi J.M. (2009).  

OG 23/1994 Serbian Official Gazette. Regulation on permitted amounts of hazardous and 

noxious substances in soil and irrigation water and methods of their testing. 

OG 39/2016 Serbian Official Gazette. Regulation on the quality of animal feed. 

OG 30/2018 Serbian Official Gazette. Regulation on limit values of pollutants, damages and 

hazardous materials in soil. 

OG 90/2018 Serbian Official Gazette. Regulation on the maximum permitted amounts of 

plant protection matter residues in food and animal foods and about food and animal 

foods for which the maximum allowable residues they are to be determine. 

Mercury content in topsoils, and geostatistical methods to identify anthropogenic input in the 

Ebro basin (Spain).  Span J Agric Res 7(1): 107-118. 

Rodriguez Martin JA, Carbonell G, Nanos N, Gutierrez C (2013). Source Identification of 

Soil Mercury in the Spanish Islands. Arch Environ Contam Toxicol 64: 171-179 

Roulet M, Lucotte M, Saint-Aubin A, Tran S, Rheault I, Farella N, De Jesus Da silva E, 

Dezencourt J, Sousa Passos C-J, Santos Soares G, Guimaraes J-RD, Mergler D, 

Amorim M (1998). The geochemistry of mercury in central Amazonian soils developed 

on the Alter-do-Chao formation of the lower Tapajos River Valley, Para state, Brazil. 

Sci Total Environ 223: 1-24 

Shi J-b, Meng M, Shao J-j, Zhang K-g, Zhang Q-h, Jiang G-b (2013). Spatial distribution of 

mercury in topsoil from five regions of China. Environ Sci Pollut Res. 20: 1756–1761. 

UNEP, United Nations Environment Programme. 2019. The Minamata Convention on 

Mercury. http://www.mercuryconvention.org/ 

Van Reeuwijk L.P. (ed) (2002). Procedures for soil analysis. Sixth edition. ISRIC FAO 

Technical Paper vol. 9. International Soil Reference and Information Centre 

Wageningen. pp 12-16. 

Wentz, D.A., Brigham, M.E., Chasar, L.C., Lutz, M.A., and Krabbenhoft, D.P. (2014). 

Mercury in the Nation’s streams - Levels, trends, and implications: U.S. Geological 

Survey Circular 1395, http://dx.doi.org/10.3133/cir1395. 

  


