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Abstract: Around the city of Tuzla, BiH, soil covered coal ash disposal sites have been used for food and 

fodder production since 1992. To our knowledge this is the first report on the cultivation of coal ash disposal 

sites for agriculture purposes. We observed high concentrations of As and Ni in alkaline coal ash. In this 

paper, we investigated arsenic and nickel transport and accumulation in barley and soybean grown on 

substrates made up of different soil and ash ratios. After three growth in the greenhouse we observed 

significant differences (p<0.05) between the Ni enrichment coefficients of Dora cultivar of soybean and Rex 

cultivar of barley, but no significant difference between the As enrichment coefficients of soybean and barley. 

Dora cultivar of soybean and Rex cultivar of barley showed very low uptake of arsenic, the enrichment 

coefficient varied between 0.05 % and 0.51 % depending on the crop and the treatment. The nickel 

enrichment coefficient of Rex cultivar of barley varied between 0.01% and 0.94%. The enrichment coefficient 

for Ni in Dora cultivar of soybean indicated higher uptake and varied between 5.64% and 34.79%. 
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Introduction  

Thermoelectric power plant Tuzla, fueled by coal, is providing energy (electricity, 

process steam and community heating) to the city of Tuzla, the surrounding villages and 

other parts of Bosnia and Herzegovina. The combustion residues are disposed wet into 

nearby settling ponds. Two of four disposal sites have been closed and covered with a 

soil layer of varying thickness to prevent wind erosion (Plane and Dreznik). Since 1992 

war refugees and local population used the sites (63 ha) for food and fodder production 

(barley, maize, potato, alfalfa, beans) due to deficiency of available food products and 

possibility of migration. The uncontrolled agricultural use of the sites bears the risk of 

food chain contamination by trace elements. High concentrations of As and Ni in the 

alkaline coal ash were observed by Dellantonio et al. (2007). The mean total As and Ni 

concentrations in ash were 61 mg/kg and 682 mg/kg (n=19), respectively at disposal site 

Plane, and 69 mg/kg and 597 mg/kg (n=36), respectively at disposal site Dreznik. High 

As concentrations with means of 242.3 mg/kg were observed by Máthé et al. (2007) at 

polluted areas along the Toka-creek. In this paper results of arsenic and nickel 

accumulation in barley and soybean grain grown in controlled conditions at different 

soil and ash ratios as growing substrate for three investigated vegetative years are 

discussed. Biró et al. (2007) found that Ni was accumulated in roots rather than 

translocated in leaves of poplar trees. 

Materials and methods 

Winter barley and soybean were chosen as test crops. Plants were grown on substrates 

made up of different ash and soil ratios (growing substrate) under greenhouse 

conditions to investigate pollutant uptake in Rex cultivar of barley and Dora cultivar of 
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soybean. The pot experiment was designed with six soil/ash ratio treatments in 4 

replicates, resulting in a total of 24 pots (Figure 1), and was run for three cropping 

cycles: winter barley 1 (November 2005 – June 2006), soybean (July 2006 – October 

2006) and winter barley 2 (November 2006 – June 2007). The mass of growth substrate 

in each pot was 5 kg. Water was added as required. A layer of approximately 2 cm of 

stones was filled at the bottom of the pots to improved water permeability. The coal ash 

was collected at the disposal site Jezero, the soil used for obtaining different soil/ash 

ratios is a Gleysol inform the location Sasinovec, Croatia (the same type as cover soil). 

 
Figure 1. Trial treatments, green house experiment, winter barley 1, March 2006 

Mineral fertilization was applied uniformly in all treatments. Applied doses per pot 

were: for winter barley 0.72 g N, 0.72 g P and 0.48 g K and for soybean 0.72 g N, 0.72 

g P and 1.08 g K. The substrates were analysed for total As and Ni concentrations at the 

beginning of the experiment, the edible parts (grain) of the crops at the end of each 

cropping cycle. Preparation (drying/grinding/sieving) of plant, soil and ash samples for 

chemical analysis followed the protocols of HRN ISO 11464:2004. Arsenic and nickel 

were analyzed using inductively coupled plasma mass spectrometry (ICP-MS, ELAN 

9000 DRC-e, Parkin Elmer). The substrate samples were digested in aqua regia 

(ONORM L 1085; 0.5 g sample + 4.5 ml HCl + 1.5 ml HNO3 in open Heating digester, 

DK, Velp, Scientifica), plant samples in a mixture of nitric acid and hydrogen peroxide 

(0.2 g sample + 5.0 ml HNO3 + 1.0 ml H2O2).  

Results and discussion  

Mean values for total arsenic and nickel concentrations in the growth substrates and 

plants are shown in Table 1. According to Croatian legislation, threshold values of As 

and Ni for heavy agricultural soils are 30 mg/kg and 60 mg/kg, respectively. According 

to Scheffer (1992) normal ranges of As and Ni for plants are 0.01-1 mg/kg and 0.1-3 

mg/kg, respectively. Arsenic concentrations in substrates varied from 27.65 mg/kg in 

pure soil up to 111.58 mg/kg in pure ash. Nickel concentrations in substrates varied 

from 96.40 mg/kg in pure soil up to 592.60 mg/kg in pure ash. If we consider both 

cropping cycles of barley, arsenic concentrations in grain varied between 0.03 mg/kg 

when grown on pure soil up to 0.57 mg/kg when grown on pure ash. Nickel 

concentrations varied between 0.03 mg/kg when grown on substrate with a 75/25 

soil/ash ratio up to 1.81 mg/kg when grown on pure ash. In soybean grain we observed 

arsenic concentrations from 0.03 mg/kg (on pure soil and substrate with a 75/25 soil ash 
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ratio) up to 0.47 mg/kg (on pure ash) and nickel concentrations from 16.33 mg/kg (on 

substrate with a 75/25 soil ash ratio) up to 54.54 mg/kg on pure ash. Enrichment 

coefficients indicate the transfer of metals and metalloids into food and fodder and 

provide some estimate of potential risks for the food chain and human health.  

 
Table 1. Mean values for total metal concentrations in growth substrate and edible part of barley and soybean, 

mg/kg 

Total element content, 

mg/kg          

 Mean  ±  ±  ±  ±  RSD % 

Arsenic Nickel 

Trial tretments 
growing 

substrate 

barley 

1 
soybean 

barley 

2 

growing 

substrate 

barley 

1 
soybean 

barley 

2 

1. Soil = 100 mass % 
27.65 

± 0.72 

0.11 

± 

38.66 

0.03 

± 79.40 

0.03 

± 

23.27 

96.40 

±±±± 1.67 
0.91 

33.54 

±±±± 61.13 

0.78 

± 

29.01 

2. Ash = 100 mass % 
111.58 

±±±± 11.40 

0.53 

± 

56.71 

0.47 

 ± 9.72 

0.57 

 ± 

27.29 

592.60 

±±±± 1.39 

1.04 

± 

37.59 

54.54 

±±±± 9.28 

1.81 

± 

39.64 

3. Soil / ash = 75 / 25 

mass % 
48.64 0.09 

0.03   

±  7.50 

0.04   

±  

48.13 

220.45 0.03 
16.33 

±±±± 5.92 

1.52 

± 

161.18 

4. Soil / ash = 50 / 50 

mass % 
69.62 

0.14 

± 

10.53 

0.03  

± 9.21 

0.16  

± 

40.43 

344.50 

0.26 

± 

141.78 

22.83 

±±±± 40.70 

0.84 

± 

41.96 

5. Soil / ash = 47.5 / 

47.5 mass % + 5 mass 

% saw dust amendment 

67.68 

±±±± 8.37 

0.47 

± 

19.73 

0.19  

± 20.69 

0.09  

± 3.50 

308.26 

±±±± 10.88 

0.94 

± 

59.31 

22.40 

±±±± 2.87 

0.19 

± 

28.97 

6. Soil / ash = 25 / 75 

mass % 
90.60 

0.23 

±16.83 

0.13 

 ±15.05 

0.26 

 ± 7.78 
468.55 

0.30 

± 

57.33 

26.42 

±±±± 9.64 

0.40 

± 

18.61 

Tresholds values, 

agricultural soils, NN 

15/1992,*light soils ** 

heavy soils 

20 *        

30 ** 
   

50 *        

60 ** 
   

Normal ranges for plant, 

Scheffer, 1992 
 0.01-1 0.01-1 0.01-1  0.1-3 0.1-3 0.1-3 

 

As and Ni enrichment coefficients for the investigated cultivars of barley and soybean 

grown on substrates with different soil and ash ratios are shown in Table 2. Results 

show very low uptake of As (up to 1%) in barley and soybean cultivars as the 

enrichment coefficients varied between 0.05 % and 0.51 %, depending on the crop and 

the soil/ash ratio. The enrichment coefficient for nickel in Rex cultivar of barley was 

low, varying between 0.01 % and 0.94 %, but the enrichment coefficients for the 

soybean cultivar Dora were between 5.64 % and 34.79 %, indicating high uptake and 

transfer into edible parts. Statistical data analysis (ANOVA) of enrichment coefficients 

for all treatments over the three cropping cycles indicates significant differences on 

p<0.05 level for Ni between soybean and barley, but no significant difference for As.  

Conclusions  

In this study a very low arsenic uptake was observed in Rex cultivar of barley and Dora 

cultivar of soybean grains as well as very low nickel uptake in  Rex cultivar of    barley 
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grains from arsenic and nickel-rich alkaline coal ash. Results show that Dora cultivar of 

soybean uptakes more Ni than Rex cultivar of barley.  

 
Table 2. As and Ni enrichment coefficients for barley and soybean grown on substrates with different soil and 

ash ratios, % 

Enrichment coefficient, % Arsenic Nickel 

trial tretments barley 1 soybean barley 2 barley 1 soybean barley 2 

1. Soil = 100 mass %  0.41 0.12 0.10 0.94 34.79 0.81 

2. Ash = 100 mass %  0.47 0.42 0.51 0.18 9.20 0.31 

3. Soil / ash = 75 / 25 mass %  0.19 0.05 0.09 0.01 7.41 0.69 

4. Soil / ash = 50 / 50 mass %  0.20 0.05 0.22 0.07 6.63 0.25 

5. Soil / ash = 47.5 / 47.5 mass % 

+   5 mass % saw dust amendment 
0.70 0.28 0.14 0.30 7.27 0.06 

6. Soil / ash = 25 / 75 mass %  0.25 0.15 0.29 0.06 5.64 0.08 

min 0.19 0.05 0.09 0.01 5.64 0.06 

max 0.70 0.42 0.51 0.94 34.79 0.81 
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