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Abstract 
The physic-chemical characteristics of the upper layers of fly ash dumps are very important when phytostabilization 
plant selection is carried out. Plants with topsoil well developed roots, like cereals are used to stabilize fly ash dumps 
in order to eliminate the deflation, erosion, etc. These plant species could be used in the 
phytostabilization/phytoextraction variant taking into account their metal hyper accumulation capacity, and also in 
phytostabilization variant by adequate topsoil treatments when a decrease mobility of metals from soil to plants is 
achieved and thus a less toxic crop is obtained. This study presents a comparative analysis of the metal 
bioaccumulation degree in plant tissues (grain and straw) of barley cultivated on fly ash variants treated with 
different quantities of compost in the absence/presence of natural zeolite materials, indigenous volcanic tuff. The 
addition of plant debris and sewage sludge compost mixed with natural zeolite materials has lowered the 
bioaccumulation of Cr with 49%, of Cu with 29%, Fe with more than 77.5%, in grains and straw when compared to 
untreated fly ash. Barley plants does not allow for Pb and Ni transfer from the fly ash in the aerial part of tissue. 
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1. Introduction 
 
Restoration/phytoremediation methods of 
inorganic waste, more specifically power plant fly 
ash that has a variable content of the following 
metals: Cu, Cr, Fe, Ni, Zn, etc. are based on one of 
the following two principles: 

1. phytostabilization/phytoextraction option 
that use plants with the capacity of hyper 
accumulation and obtaining biomass with a 
high metal content; 

2. phytostabilization option that employs 
techniques that lower the mobility of metals 
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to the soil to the plants, thus obtaining 
biomass with a reduced toxic potential. 

Some metals, such as copper, iron or zinc are 
essential microelements that contribute to the 
growth of plants, being vital in many 
physiological functions. If these metals are stored 
in large enough amounts in plants, they may 
induce toxicity by interfering in photosynthesis, 
respiration or protein synthesis. Ionic forms are 
more toxic than the more complex ones that 
contain humic acids. For example, the minimum 
content copper necessities are, in domain 1-5 mg 
Cu/kg D.M. stored in different parts of the plant, 
according to species. Compared to this metal, 
chrome isn’t considered an essential element to 
the plants nutritional process. Symptoms of 
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chrome poisoning in plants include reduced 
growth and leaf chlorosis. [1] 
Research conducted in greenhouses on crops of 
barley, wheat, maize; grown on sandy soils with a 
high content of Cu, Pb, Zn, showed that the level 
of Pb and Zn grown significantly in the plant 
tissue [2]. On the other hand, 40% of the copper 
absorbed by the roots is transferred to the part of 
the plant that is shoot [3]. In straw, the content of 
this metal is much higher than in the grains, and 
may reach, according to some authors, 2-15mg/kg 
D.M., if the amount of metals in the soil is 
between 25-45 mg/kg D.M. 
The highest amount of Pb, Cd, and Zn in either 
straw or grains is limited by imposed standards. 
There are no imposed standards that limit the 
content of Cr, Cu, Fe, Mn and Ni. 
If the use of this plant is suggested in the 
phytoremediation of polluted soils, then the 
fhytoextraction of metals from the straw may be 
an opportunity to remove them from the soil. The 
only condition should be checking the 
bioaccumulation of metal in the straw to decide 
the domain of storage / reuse. 
The phytoextraction realized by the crop to reduce 
the quantity of metals in polluted soil is a 
technique based on the greater mobility of some 
metals in the soil-plant system, compared to other 
metals. In the options using phytostabilization 
metal mobility reduction techniques are used in 
order to obtain less toxic biomass. Different 
treatments may be used including organic 
fertilizers and/or inorganic amendments through 
the reduction in situ of metal mobility i.e. 
additives: limestones, clay, fly ash, etc. and 
fertilizers i.e. compost, peat, etc. Other authors 
recommend: synthetic zeolite, volcanic tuff, 
dolomite, compost, municipal sludge mixed with 
wood chips, etc. [7-13]. In the case of fly ash 
dump sites, vegetation covering strategies are 
used, taking the climate, geographical position and 
plant resilience into consideration [14]. 
The morphological, physiological, and heavy 
metal bioaccumulation characteristics are studied 
in barley crop (Hordeum vulgare), variety Andra. 
In the current experiments, a study is done on the 
choice of the adequate treatment of fly ash for 
rapid and efficient vegetation in reference to the 
use of Hordeum vulgare. Other study aims was the 
monitoring of physiological and toxic metal 
accumulation of biomass obtained and conducted 
its use to areas without risk to animal and human. 

2. Materials and methods 
 
The study was conducted in pots in which equal 
amounts of fly ash were introduced (5.5 kg/pot). 
The cultivated surface was roughly 0,075 m2/pot. 
In each pot barley seeds (Hordeum vulgare), 
variety Andra was seeded. 
The experimental variants were as follows: 
1C – fly ash fertilized with 50 to/ha compost; 
2C – fly ash fertilized with 100 to/ha compost; 
1CT – fly ash fertilized with 50 to/ha compost 
mixed with native indigenous volcanic tuff; 
1C Ts – fly ash fertilized with 50 to/ha mixed with 
modified indigenous volcanic tuff; 
2CT – fly ash fertilized with 100 to/ha compost 
mixed with native indigenous volcanic tuff; 
2CTs – fly ash fertilized with 100 to/ha compost 
mixed with modified indigenous volcanic tuff; 
B – the control variant, untreated fly ash. 
The compost used in the fertilization was obtained 
by fermentation of sewage sludge with chopped 
up organic remains from grape vines and has the 
following proprieties: N total = 17072 mg/kg D.M., 
P2O5 = 2306 mg/kg D.M., K2O = 28667 mg/kg, 
Cu=110 mg/kg D.M., Pb = 62 mg/kg D.M., Zn = 
487mg/kg D.M. The indigenous volcanic tuff 
contains 70% clinoptilolite and is brought from 
the Mirsid Quarry. Indigenous volcanic tuff is 
used with a granulation of 0.2 - 2mm that was 
mixed with fly ash and compost. The modified 
volcanic tuff, prepared in the INC ECOIND 
laboratories according to the fabrication 
trademark, and is added in a liquid suspension of 
80% water D.M. [15]. The amount used as an 
amendment (native/ modified indigenous volcanic 
tuff), 2.5 to/ha. 
Soil samples analysis were done to determine the 
total iron, zinc, copper, chromium, nickel and lead 
concentrations according to the analysis method of 
ISO 11047/99. Soil samples preparation for 
analysis was done in accordance with ISO 
11464/98. Dried soil samples were digested with 
Aqua Regia. Analysis of plant metal accumulation 
in the aerial parts of the plants was realized with 
dried plant tissues and digested with concentrated 
hydrochloric acid. Plant sampling was done in 
agreement with the methodology described in 
STAS 9597/1-74, and the sample analysis was 
done in accordance with STAS 9597/17-86. Plant 
and soil extracts analysis was realized using an 
atomic absorption spectrophotometer, Varian 
Spectra AAS. The detection limit of the device for 
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Cr, Cu, Fe, and Zn is of 0.05 mg/L and for Pb and 
Ni is of 0.10 mg/L. 
 
 
3. Results and discussion 

 
The quantities of heavy metals determined in 
experimental topsoil variants are presented in 
table 1, after the treatments with compost and 

compost with unmodified/modified indigenous 
volcanic tuff vs. the quantities of heavy metals 
determined in the control variant, untreated fly 
ash. The fly ash presents a content of Cr and Cu 3 
times higher than in normal soils. The Ni content 
is double that of normal soils. The iron content is 
2.783-2.919 mg/kg D.M. The Pb and Zn content 
are similar to that of normal soils. 

Table 1 Quantities of metal determined in experimental topsoil variants 
Crt. 
no. 

Experimental 
variants 

Metal content from the experimental variants [mg/kg D.M.] 
Cr Cu Fe Ni Pb Zn 

1 B 94.5 67.1 2843.1 37.3 9.8 69.3 
2 1C 94.6 67.2 2835.1 38.1 7.8 74.6 
3 1CT 94.3 68.7 2846.6 37.9 7.1 77.4 
4 1CT s 93.9 63.6 2798.5 35.8 6.9 76.5 
5 2C 84.2 64.2 2783.3 36.8 12.0 76.3 
6 2CT 84.3 66.5 2775.3 35.9 11.6 74.2 
7 2CTs 84.6 64.0 2919.6 37.4 11.7 74.5 

 
In table 2 the physiological characteristics of the 
plants grown in the experimental variants are 
presented. From a morph / physiological point of 
view, a greater influence was recorded in the fly 
ash treated with 100 to/ha compost, where a 
significant ramification of the root system was 

recorded and a better bonding. It is also evident 
that the adding of modified volcanic tuff the 
fertilizer dosage of 100 to/ha and determined an 
increase in height and number of grains/plant. 
 

 
Table 2 Morph/ physiological characteristics of barley plants in pots 

Crt. 
no. 

Experimental variants C 1C 1CT 1CTs 2C 2CT 2CTs 

1. 
Average height of above 

ground part (cm) 
28.2 29.4 27.5 28.3 29.7 30.1 34 

2. Root characteristics 
frail 
roots 

frail 
roots 

frail 
roots 

ramified 
ramified 
twinned 

highly 
ramified. 
twinned 

highly 
ramified 
twinned 

3. Average length of roots (cm) 2 2-3 2-3 3-4 3-4 5-6 5-6 
4. Nr. grain/plant 2-3 2-4 2-3 3-4 2-3 3-5 3-5 
5. Nr plants/pot 9 11 19.5 12.5 13.5 14 11.5 

 
Barley plants does not allow Pb and Ni transfer 
from the fly ash in the aerial part of tissue. 
The data presented in figure 1 shows that: adding 
a reduced amount of organic fertilizer determined 
a reduction in the bioaccumulation of Cr and Fe of 
about 35-38% in barley grains compared to the 
metal amounts in the grains of the untreated fly 
ash variant. 
The compost does not have the capacity to reduce 
bioaccumulation of copper in grains. The addition 
of compost caused reductions in the amount of 
iron stored in straw. Doubling the amount of 
compost added for the fly ash treatment 
determines the reduction of bioaccumulation of 
metals in the grains as well as the straw. Thus the 

grains harvested from the variant fertilized with 
100 to/ha compost result in the reduction of the Cu 
content by 29 %, Cr by 49 % and Fe by 77.5 % vs. 
the untreated fly ash variant. In straw similar 
differences are detected as with the grains. The 
treatments applied did not cause significant 
modifications of Zn concentrations in either 
grains or straw. 
Adding indigenous volcanic tuff to the two 
compost mixes caused the further reduction of bio 
accumulation of heavy metals than the ones 
treated with simple compost. For optimal 
treatment of fly ash the concentration of Cr in 
straw and grains should be between the values of 
3.2-4.5 mg/kg D.M., Cu 2.8-4.6 mg/kg D.M., Fe < 
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100 mg/kg D.M. These metals are not nationally 
or internationally CMA regulated. The amount of 
zinc should be < 50 mg/kg D.M. (Maximum 
admitted limit; EU70/524/RC is 284 mg/kg D.M.). 
When growing a blanket of vegetation. based on 
barley, it is possible to chose for a combined 
treatment that would allow the growth of crops of 

straw and/or grains with different Cr, Cu, Fe and 
Zn bioaccumulations. 
Barley plants does not allow for Pb and Ni 
transfer from the fly ash in the aerial part of 
tissue. 
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Figure 1 Amount of metals in the aerial plant straw and grains obtained on the experimental variants 
a) chromium; b) copper; c) iron; d) zinc 

 
4. Conclusions 
 
During the vegetation period of the plants the 
absorption of nutrients from the soil takes place of 
essential micronutrients. e.g. Fe, Zn, Cu, The 
plants that hyper accumulate metals, also 
accumulate larger amounts of micronutrients than 
would be biologically necessary and. more so, 
they would accumulate toxic metals e.g. 
chromium. Hordeum vulgare, variety Andra, 
tolerates the presence of metals in the soil and can 
be used for the phytoremediation of fly ash dump 
sites, but it also has the potential to cause hyper 
accumulation of metals in other parts of the plants. 
Covering a fly ash dump site with a layer of rich 
and stable vegetation based on barley is realized 
only in the presence of a fertilization agent, 
compost that would ensure the nutritional 

elements necessary to the plants. The use of 
optimal amounts of compost, 50 to/ha determines 
the growth of crops of both straw and grains, the 
formation of roots systems for the fixation of 
topsoil and reduction of bioaccumulation of Cu by 
29%, Cr by 49% and Fe by 77.5% vs. the 
untreated fly ash. Barley plants does not allow 
for Pb and Ni transfer from the fly ash in the 
aerial part of tissue. 
Adding modified indigenous volcanic tuff mixed 
with the fertilizing agent created a synergy in the 
formation of a roots system and the further 
reduction of available of metals in both straw and 
grain. By choosing the variant of treatment of the 
ash destined to cover it in vegetation based on 
barley one may chose the options of having a 
larger crop of grain and/or straw with either a 



 
 

 
Mâșu S. et. al./Scientific Papers: Animal Sciences and Biotechnologies, 2012, 45 (2) 

 
 
 
 

 

 241

large or small bioaccumulation of metals such as 
Cu and Fe or Cr. 
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