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Abstract. Trinitrotoluene (TNT), a commonly used explosive for military and industrial applications, can cause

serious environmental pollution. 28-day laboratory pot experiment was carried out applying bioaugmentation using

laboratory selected bacterial strains as inoculum, biostimulation with molasses and cabbage leaf extract, and

phytoremediation using rye and blue fenugreek to study the effect of these treatments on TNT removal and changes

in soil microbial community responsible for contaminant degradation. Chemical analyses revealed significant

decreases in TNT concentrations, including reduction of some of the TNT to its amino derivates during the 28-day

tests. The combination of bioaugmentation-biostimulation approach coupled with rye cultivation had the most

profound effect on TNT degradation. Although plants enhanced the total microbial community abundance, blue

fenugreek cultivation did not significantly affect the TNT degradation rate. The results from molecular analyses

suggested the survival and elevation of the introduced bacterial strains throughout the experiment.
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Introduction

The nitroaromatic explosive, 2,4,6-trinitrotoluene (TNT),

has been extensively used for over 100 years, and this

persistent toxic organic compound has resulted in soil

contamination and environmental problems at many

former explosives and ammunition plants, as well as

military areas (Stenuit, Agathos 2010). TNT has been

reported to have mutagenic and carcinogenic potential

in studies with several organisms, including bacteria

(Lachance et al. 1999), which has led environmental

agencies to declare a high priority for its removal from

soils (van Dillewijn et al. 2007).

Both bacteria and fungi have been shown to

possess the capacity to degrade TNT (Kalderis et al.

2011). Bacteria may degrade TNT under aerobic or

anaerobic conditions directly (TNT is source of carbon

and/or nitrogen) or via co-metabolism where addi-

tional substrates are needed (Rylott et al. 2011). Fungi

degrade TNT via the actions of nonspecific extracel-

lular enzymes and for production of these enzymes

growth substrates (cellulose, lignin) are needed. Con-

trary to bioremediation technologies using bacteria or

bioaugmentation, fungal bioremediation requires

an ex situ approach instead of in situ treatment (i.e.

soil is excavated, homogenised and supplemented

with nutrients) (Baldrian 2008). This limits applicabil-

ity of bioremediation of TNT by fungi in situ at a field

scale.
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particulate copper by occupational exposure or consump-
tion of copper-contaminated water and food. In human 
body, copper is maintained in homeostasis (Jesse, Mary 
2004). If the intake of copper exceeds the limit of human 
body tolerance, it may lead to toxic effects including he-
molysis, jaundice and even death. The overload of com-
mon copper in vivo may result in hepatic cirrhosis (Bjorn 
et al. 2003), changes in lipid profile, oxidative stress, renal 
dysfunction (Galhardi et al. 2004) and stimulation of mu-
cous membrane of alimentary canal.

Studies on the effects of lead in children have dem-
onstrated a relationship between exposure to lead and a 
variety of adverse health effects. These effects include im-
paired mental and physical development, decreased heme 
biosynthesis, elevated hearing threshold, and decreased 
serum levels of vitamin D. The neurotoxicity of lead is of 
particular concern, because evidence from prospective 
longitudinal studies has shown that neurobehavioral ef-
fects, such as impaired academic performance and deficits 
in motor skills, may persist even after Pb (II) levels have 
returned to normal (Needleman 2004).
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abstract. The current study reveals the results of a phytoremediation process applied to a multi metal contaminated 
soil, located in close proximity to an energy power plant. Phytoremediation process was studied using the rapeseed 
cultivation, both in the presence and absence of hemp shives, considered as potential natural soil amendments. The 
physiological responses of the rapeseed plants, such as variations in length and accumulation of biomass, as well as 
the content of assimilating pigments were investigated. The concentrations of Cu (II) and Pb (II) ions have also been 
determined in soil and plants aiming at locating the metal ions in different organs of the plants. By using hemp shives 
as amendments, bioaccumulation of copper and lead ions in plant increases. The plants cultivated in the presence of 
high amounts of heavy metal ions have been characterized by an inhibition of growth and development that consisted 
in decrease of root and stem lengths, as well in the amount of biomass accumulated in different vegetative organs.

Keywords: heavy metals, soil contamination, phytoremediation, rapeseed, amendments, hemp shives.

Introduction 

The concentrations of heavy metals such as copper and lead 
in the environment are currently increasing, mainly as a re-
sult of industrial activities associated with processes as metal 
plating and manufacture of batteries, pigments, plastics and 
fossil fuels burning. Any of these metals, in sufficiently high 
concentrations, can cause severe damage to physiological 
and biochemical activities of plants and humans. This dam-
age can be intensified when two or more metals present in 
soil act synergistically (Jankaite, Vasarevičius 2005).

High concentrations of copper in the growth medium 
affect the different parameters of plant metabolism includ-
ing dry biomass production, water content, macro and 
micro-nutrients balance (Jankaite, Vasarevičius 2005). They 
also inhibit root growth and block photosynthetic electron 
transport, thus reducing the content of chlorophyll pig-
ments (Bernal et al. 2007; Kovacik et al. 2006). The inhibi-
tion of plant growth in the presence of this metal ion may 
be the result of degradation of chlorophyll pigments during 
the photosynthesis process (Upadhyay, Panda 2009). 

Humans are exposed to copper via inhalation of 
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In order to ensure the protection of soil, as a mean 
of increasing soil resources and environmental protection, 
different methods and technologies of bioremediation 
were designed to neutralize or block the flow of pollut-
ants and to obtain an efficient and proper protection for a 
desired quality of soil (Stingu et al. 2010).

Phytoremediation is a cost effective and eco-friendly 
“green” remediation technology for environmental clean-
up. Among the phytoremediation techniques, the phyto-
extraction consists in removal of trace elements from soil 
through their uptake and accumulation by plants (Nasci-
mento, Xing 2006). By harvesting the resulted plant bio-
mass that contains heavy metals, these are removed from 
the site. This technique is effective only if the plants accu-
mulate high concentrations of metals/metalloids in shoots 
(Stingu et al. 2011) and a reasonable amount of biomass 
is produced (McGrath, zhao 2003). Phytoextraction is 
best suited for the remediation of diffusively polluted 
areas, where pollutants occur superficially in a relatively 
low concentration. Phytostabilisation is considered to be 
a particular phytoremediation technique, which aims at 
establishing a vegetation cover and causing in situ inac-
tivation of trace elements by combining the use of metal-
tolerant plants with soil amendments. These result in de-
crease of mobility and toxicity of pollutants concomitant 
with increase of soil fertility and improvement of plant 
establishment. The plants recommended for phytostabili-
sation should retain the metals at the root level restricting 
their transport to aerial parts thus avoiding the further 
transfer into the food chain (Wenzel et al. 1999).

One approach to increase the uptake of heavy met-
als is the use of chelators to mobilize the metals to the 
root zone (Madrid et  al. 2003). Synthetic chelates have 
been successfully used to induce accumulation of met-
als by high biomass plants but they pose serious environ-
mental drawbacks regarding excessive amount of metals 
solubilized and being poorly biodegraded in the soils (Luo 
et al. 2006). Increasing interest in the replacement of syn-
thetic chelators has determined to research into natural 
sources of chelating agents, especially using plants as raw 
materials (Volf et al. 2012). This will allow a possibility 
to valorize waste industrial products which represent an 
important challenge of sustainable development based on 
environmentally friendly processes correlated with com-
plex processing of biomass. Another approach is the use 
of soil amendments: material added to a soil to improve its 
physical properties as water retention, permeability, water 
infiltration, drainage, aeration and structure, with a view 
to provide a better environment for roots development 
(Davis, Wilson 2005). Hemp shives can be used as soil 
amendments. When the hemp stocks are processed, about 
70–80% of the initial material is rejected as shives, which 
are not used conveniently evermore; sometimes used as 
low quality construction materials (tiles that contain fiber, 

gypsum, cement), as bedding for composting in agricul-
ture, or are converted into fuel briquettes. However, the 
accessibility of these products led currently to their usage 
as soil amendment in phytoremediation. 

Bioactive compounds existing in aqueous extracts 
modulated the bioaccumulation process of cadmium ions 
in Avena sativa depending on heavy metal concentrations 
and polyphenolic extracts compositions (Stingu et  al. 
2011). Picea abies bark and Asclepia syriaca plant extracts, 
both of them containing polyphenolic compounds, stimu-
lated cadmium bioaccumulation, promoting the translo-
cation of heavy metals to the aerial part of the plant. The 
conclusion of Stingu et al. (2011) study was that polyphe-
nolic extracts could be properly used in bioremediation. 

In this context, the current study examined the pos-
sibility to enhance copper and lead tolerance/bioaccumula-
tion by adding natural products as hemp shives in soil. The 
relation between natural products and heavy metal toler-
ance/bioaccumulation was investigated for Brassica napus L. 
plant, cultivated on multi-metal polluted soils which were 
sampled from the neighborhood of an energy power plant. 

The possibility of using natural amendments in 
heavy metals phytoremediation was investigated through 
all specific methods for plants (biometric measurements 
and quantitative determination of plant biomass and con-
tent of photoassimilating pigments: chlorophyll a, chloro-
phyll b and carotenoids) and soils analysis. 

1. Methodology

1.1. soil samples

The soil samples (S1, S2, S3) taken at different distances 
from the energy power plant (using coal as fuel) (Table 1) 
were characterized in terms of water content, pH value 
and content of heavy metal ions as copper, lead, iron, 
cadmium and zinc. For the content of heavy metal ions 
analysis, the soil samples were first digested with a mixture 
of hydrochloric and nitric acids (10.5 mL HCl 12 mol/L 
and 3.5 mL HNO3 15.8 mol/L) for 12 hours and, subsequ-
ently, they were kept on a hot plate for another 2 hours. 
The concentrations of heavy metal ions were determined 
using a GBC 2008 Avanta Atomic Absorption Spectropho-
tometer, Germany (Stingu et al. 2009).

Table 1. Location of soil sampling sites

Soil 
sample Location of soil sampling sites

S1 500 m E from the slag and ash storage yard and 
1.5 km from the flue gas stack

S2 700 m SE from the slag and ash storage yard and 
1.3 km from the flue gas stack

S3 1.8 km NE from the slag and ash storage yard and 
300 m from the flue gas stack
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1.2. characterization of hemp shives

The hemp shives used in this study are wastes resulted 
after bast fibers separation. The vegetal material was ran-
domly collected, while the species was identified and aut-
henticated. The vegetal material was shade-dried at room 
temperature for two weeks, a reference sample (control) 
being kept for comparison. For chemical characterization, 
20 grams of ground dried material with particle size of 
0.5–1 mm were extracted consecutively for three times 
with 125 mL distilled water on a water bath, for 45 min-
utes, at 80 °C, and finally, the extracts were cumulated to 
a final volume of 500 mL using distilled water. Dry matter 
content in the extracts was determined by evaporation of 
25 mL extract on water bath and drying at 105 °C, until a 
constant mass is reached. After that the crucible contain-
ing the dry matter was placed into a furnace at 600  °C, 
in order to establish the mineral and organic matter con-
tent. Folin Ciocalteu (FC) method was used to determine 
the total polyphenolic content (TPC) in aqueous extract 
and the concentrations were expressed as the number of 
equivalents of gallic acid (GAE) (Bao et  al. 2005; Ignat 
et al. 2011). For the HPLC analysis, the cumulated aque-
ous extracts were concentrated under vacuum to 10 mL. 
Before HPLC characterization the concentrated sample 
was subjected to a fractionation step by successive liquid-
liquid extractions with ethyl acetate. The organic phases 
were evaporated to dryness, diluted in methanol and fur-
ther subjected to HPLC analysis. 

A reversed-phase high-performance liquid chroma-
tographic technique was used to identify and quantify the 
phenolic compounds. The HPLC analysis was carried out 
using a Dionex UltiMate 3000 chromatograph LC Sys-
tems, Germany, coupled to a PDA detector. Separations 
were performed with a zorbax RX C18 (4.6×250 mm, 
particle size 5 µm) column, operating at 30 °C with a flow 
rate of 1.2 mL/min, and the injection volume was 5 µL. 
The mobile phase used was 1% acetic acid in water (A) 
versus methanol (B) for a total run time of 40 min, and 

the gradient changed as follows: solvent B started at 10% 
and increased immediately to 40% in 40 min. For quantifi-
cation, standards for external calibration were used. 

 1.3. Experimental assay

Three different samples of contaminated soils were tested 
in different conditions, both in the absence (S1, S2, S3) 
and presence (S11, S22, S33) of hemp shives (1g/30cm2). 
The plants have been cultivated in greenhouse condi-
tions using those three samples of contaminated soils 
(100  g/pot). Brassica napus L. seeds were directly sown 
into pots. Each sample was replicated in ten pots, and 
three uniform plants have been spaced evenly in each pot 
and were allowed to grow.

The cultivated soils were wetted daily with 15 mL tap 
water for one week, until germination of the plants was 
observed. From this point, rapeseed plants were wetted 
every two days with the same amount of water. After 45 
days from the beginning of the experiments, the rapeseed 
plants were separated into roots, coleoptiles and leaves 
which were characterized in order to evidence the diffe-
rent effects of the cultivation conditions on plants growth 
and development (Fig. 1).

1.4. plantlet analysis

Plant growth and development. To evaluate the influence 
of natural amendment on plant growth and development 
in multi-metal stress conditions, after ten days, the rape-
seed plants were separated into roots, stems and primary 
leaves, followed by biometric measurements of plant elon-
gation and quantitative determinations of biomass. Sam-
ples of separated plant have been oven dried at 70 °C until 
constant values of mass were reached and the dry biomass 
was quantified. 

Determination of heavy metal concentration in plants. 
For heavy metals ions analysis, plant tissues (root, stem 
and leaves) were digested with a mixture of nitric and 

Fig. 1. Research methodology on plant material (Brassica napus L.)
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hydrochloric acids similar to the case of soil samples. The 
concentrations of copper were determined by calibration 
curves obtained using standard solutions of pure copper 
and lead ions (Fisher Scientific). Calibration curves were 
generated using three replicates per metal concentration 
(0.02–5.00 μg/mL) by reading the absorbance at fixed 
wavelength.  

The following parameters have been calculated: 
Translocation factor (TF) = metal concentration in 

shoots (mg/kg) / metal concentration in roots (mg/kg) 
(Sun et al. 2009).

Bioaccumulation coefficient = (metal concentration 
mg/kg dry plant tissue) / (metal concentration mg/kg soil 
samples) (Stingu et al. 2009).

Photoassimilating pigments assay. The chloro-
phyll was extracted in 80% acetone and determined 

spectrophotometrically by measuring the absorbance at 
fixed wavelengths of 470 (A470), 646 (A646) and 663 nm 
(A663).  

The concentrations of chlorophyll pigments (chlorop-
hyll a and b: [chl a] and [chl b]) were calculated by using 
the specific coefficients (Lichtenthaler, Wellburn 1983).

Chlorophyll a (μg/mL) = 12.21 × A 663 – 2.81 × A 646;

Chlorophyll b (μg/mL) = 20.13 × A 646 – 5.03 × A 663; 

Carotenoids (μg/mL) = (100A470 – 3.27 [chl a] – 104 [chl b])/ 
227.

Statistical analysis. All the results are expressed as 
mean±standard error where n = 3. Comparison of the 
means was performed by the Fisher least significant 

Fig. 2. Chromatographic profile of hemp shives aqueous extract: 1: catechin; 2 – caffeic acid; 3 – p-coumaric acid; 4 – ferulic acid

Table 2. Characterization of the soil samples

Sample
Water 

content 
(%) 

pH value
Lead ions 

concentration 
(mg/kg)

Copper ions 
concentration 

(mg/kg)

Iron ions 
concentration 

(mg/kg)

Cadmium ions 
concentration 

(mg/kg)

zinc ions 
concentration 

(mg/kg)

S1 19±1.03 b 7.53±0.14 b 549±13.67 a 330±9.93 b 36216±24.32 c 0.11±0.00 a 74±1.43 a

S2 15±0.89 b 7.43±0.12 b 301±8.86 c 464±11.42 a 51268±43.21 a 0.09±0.00 b 65±0.92 b

S3 25±1.23 a 7.72±0.21a 242±5.49 d 344±10.78 b 24175±21.33 d 0.08±0.00 b 55±0.59 c

Different letters within columns indicate significant differences (p < 0.05). 

Table 3. Characteristics of hemp shives aqueous extract

Dry mater 
content

(g/L extract)

Organic 
matter content
(g/L extract)

pH
(at 25 °C)

TPC
(g/100g)

Catechins
(g/100g)

Caffeic acid
(g/100g)

p – coumaric 
acid

(g/100g)

Ferulic acid
(g/100g)

0.51±0.003 0.42±0.003 4.7±0.2 16.41±0.62 5.21±0.23 9.68±0.35 0.80632±0.02 0.32598±0.005

Results reported represent the average values of triplicate determinations (n =3)±standard error. TPC – total polyphenolic content.
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difference (LSD) test (p ≤ 0.05) after ANOVA analysis 
using program PAST 2.14. Sampling and chemical analy-
ses were examined in triplicate, in order to decrease the 
experimental errors and to increase the experimental re-
producibility.

2. results and discussion

2.1. characterization of the soil samples

The characterisation of soil samples showed a multi-metal 
polluted soil. As concerns the water content (Table 2), the 
highest value is recorded in sample S3. The specific hu-
midity of S3 soil sample, taken at 1.8 km NE from the slag 
and ash storage yard and 300 m from the flue gas stack ex-
hibits a slight increase compared to other areas as a result 
of the fact that this soil belongs to swampy areas. 

The pH of the three sampling sites is slightly alkaline. 
The pH value has a direct influence on the mobility and 
accessibility of nutrients into soil. Optimal pH domain for 
plant nutrition is ranged between 6.0 and 6.5, since betwe-
en these values the solubility and optimum accessibility of 
most nutrients at soil level are ensured. In general, for a 
normal development, the plants need a soil with pH values 
ranged between 6.5 and 7.2. Alkaline soil reaction is un-
favorable for most crops and causes a low fertility of soils 
(Wang et al. 2004). 

The concentrations of the studied heavy metals ions 
(Pb (II), Cu (II)) in the three soils samples tested (S1, S2, 
S3), have exceeded the alert threshold laid down in regula-
tions (MWFEP 1997), excepting the value of lead ions in 
S3, which is very close to the limit of alert allowed. The 
highest concentration of lead ions was found in the soil 
sample S1, located at the nearest distance from slag and 
ash storage yard and 1.5 km from the flue gas stack. The 
content of lead ions has decreased as the distance to stor-
age yard has increased. Pb(II) and Cu(II) were chosen for 
the trials due to high risk and transferability, though other 
heavy metal ions (iron, cadmium, zinc) were also deter-
mined in soil samples. 

High concentration of potentially mobile Pb(II) and 
Cu(II) in soil run the risk of their downward migration 
and possible contamination of groundwater.

2.2. characterization of the hemp shives extract

The total polyphenols content of hemp shives aqueous 
extract was 16.41±0.62 g/100g. The chromatographic 
analysis has allowed identification and quantification 
of components as catechin and phenolic acids, (Fig. 2 
and Table 3), along with other compounds. Thus, the 
amount of catechins was 5.21 g/100g plant material; 
caffeic acid was presented in a higher concentration 
(9.68 g/100g) compared with those of other identified 
phenolic acids. 

2.3. rapeseed plantlet growth and development

The rape was chosen because it is considered as a plant 
with a high potential to be used for polluted soil remedia-
tion. The sorption of metals from the soil by plants is inf-
luenced by a variety of factors, including pH, temperature, 
soil ions, the cation exchange capacity of the soil, organic 
matter content of the soil, the type and concentration of 
metal, and the species of plant. The metals enter the root 
in the form of dissolved ions and move with the inflow of 
water apoplastically through the root hairs and into the 
cortex and are then translocated to other parts of plants. 
The metals interact with the physiological and biochemi-
cal activities of plants to reduce their vigour and in extre-
me cases can completely inhibit growth. 

Lead has been shown to have toxic effects on a va-
riety of metabolic processes essential to plant growth and 
development, including photosynthesis, transpiration, 
DNA synthesis, and mitotic activity. Of these processes, 
photosynthesis was found to be the most sensitive to lead 
contamination. Lead occurs in soils in the form of inso-
luble minerals and soluble compounds. It tightly binds to 
organic soil particles which may decrease the mobility of 
lead in most soils and may reduce uptake by plants.

Copper, unlike lead, is necessary for the growth of pl-
ants. It functions as a structural and catalytic component 
of several enzymes and proteins. Despite this requirement, 
excess copper when absorbed by plants can be toxic, lea-
ding to reduced growth, chlorosis, and malformation of 
roots.

The stem and root elongation of rapeseed plants 
(Fig.  3) which have been cultivated in the presence of 
amendments (S11, S22, S33) is usually significantly lower 
compared to the variants without amendments (S1, S2, 
S3). A special situation is recorded for root of rapeseed 
plants cultivated in S33 variant, where the elongation is 
significantly higher than the control (S3). Biomass accu-
mulated in vegetative organs is presumed to be directly 
proportional to their length increase.

Fig. 3. Elongation of vegetative organs of rapeseed plants. Bars 
showing the same letter are not significantly different at p ≤ 0.05. 
Error bars represent the standard error of means (n = 3)
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An inhibition in accumulation of the dry biomass 
in stems and leaves was obvious in experimental vari-
ants containing hemp shives as amendment, but in roots 
the opposite tendency prevailed, especially in S33 (Fig. 4 
and Fig. 5). The results could be correlated with the cha-
racteristics features of soils samples. The sample S3 from 
swampy area possibly contains more and different micro-
organisms which can be involved in the interactions with 

the other components of the system (e.g. pollutants, po-
lyphenols, products resulting in biomass transformation). 

2.4. photoassimilating pigments

The photosynthetic apparatus may be especially sensitive 
to damage in the presence of heavy metals. An excess of 
heavy metals could negatively affect photoassimilating pi-
gments biosynthesis.

Analyzing the variation of content of assimilating 
pigments (Fig. 6), a difference between the experimental 
variants was observed, that seems to be influenced by pe-
culiarities of rapeseed plants and characteristic features 
of the soil samples. Thus the quantity of chlorophyll a 
(Chl a) in S11 variant has significantly higher value than 
those recorded in the case of the plants that have been de-
veloped in the absence of hemp shives. On the contrary, 
for S22 and S33 variants, the values are significantly lower   
than those recorded in case of the plants that have been 
developed in the absence of hemp shives.

The same trend is recorded for chlorophyll b (Chl b). 
So in most cases the leaves of rapeseed plants were sig-
nificantly affected by copper and lead ions, which resulted 
in a decline of chlorophyll content. Copper and lead ions 
inhibit chlorophyll biosynthesis and retard the incorpo-
ration of these pigments in photosynthesis. Concerning 
the accumulation of carotenoids, the situation is opposite 
(Fig. 6). Significantly higher amounts of carotenoids were 
observed in S22 and S33 variants compared to values   re-
corded for the plants cultivated in the variants S2 and S3. 
The leaves of rapeseed plants were significantly affected by 
copper and lead ions, which resulted in a decline of chlo-
rophyll content. Copper and lead ions inhibit chlorophyll 
and carotene biosynthesis, and retard the incorporation of 
these pigments in photosynthesis. 

From these results it seems that at the level of the 
soil, in the presence of humidity an extraction of polyphe-
nols from hemp shives is possible. At the same time, an 
interaction of polyphenols with soil microorganisms and 
heavy metals could influence the plants development and 
their metabolism. It is known that polyphenols are also 
involved in metal complexing, plant growth regulation 
(oxidative phosphorylation) and reactive oxygen species 
inhibition. When a plant is exposed to more than one pol-
lutant, interactions between those pollutants may occur. 
Although heavy metals may have antagonistic, additive, 
or synergistic effects in plants, synergistic interactions are 
found to be most common. The presence of hemp shives 
and its decomposition products could also influence this 
complex process.

2.5. Heavy metal ions content in plants

The concentrations of copper ions accumulated in all 
vegetative organs of rapeseed plants have shown that the 

Fig. 5. Accumulation of biomass in stem and leaves of rapeseed 
plants under multi-metal stress conditions. Bars showing the 
same letter are not significantly different at p ≤ 0.05. Error bars 
represent the standard error of means (n = 3)

Fig. 4. Accumulation of biomass in roots of rapeseed plants 
under multi-metal stress conditions. Bars showing the same 
letter are not significantly different at p ≤ 0.05. Error bars 
represent the standard error of means (n = 3)

Fig. 6. Content of photo assimilating pigments in rapeseed 
leaves. Bars showing the same letter are not significantly 
different at p ≤ 0.05. Error bars represent the standard error of 
means (n = 3)
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presence of hemp shives in soil often determines an im-
provement in the process of bioaccumulation of metal 
ions (Fig. 7). The presence of natural amendments (hemp 
shives) in a multi-metal polluted soil has often induced 
the stimulation of the Cu(II) bioaccumulation process in 
plant. The Pb (II) content accumulated in different parts of 
rapeseed plants has revealed a similar conclusion (Fig. 8). 
The presence of hemp shives as amendment in soil usually 
increases the capacity of bioaccumulation both for copper 
and lead ions. The accumulation of metals in various parts 
of plants is often accompanied by an induction of variety 
of cellular changes, some of which directly contribute to 
metal tolerance capacity of plants. The high concentration 
of Cu(II) in soil (S2) probably caused a significant decre-
ase of bioaccumulation of this element in in the plant lea-
ves. Rapeseed has obviously higher bioaccumulation capa-
city of Pb(II) compared with Cu(II).

In cases of higher metal ion concentration, a decrease 
in plant growth and development processes were also ob-
served, expressed by significant decrease of biomass ac-
cumulated in stems and leaves and usually significant de-
crease in root and stem lengths. The translocation factor 
reveals that the presence of hemp shives in heavy metals 
contaminated soil causes a decrease (usually significant) 
of metal ions transport to the upper parts of plants for S11 
and S22 variants, but a significant increase of their trans-
port for variant S33 (Fig. 9).

These phenomena could be explained by complex 
interaction between heavy metals, compounds liberated 
from hemp shives by aqueous elution or action of micro-
organisms and plants. These mechanisms will be elucidat-
ed in our further studies.

conclusions

A multi-metal contaminated soil from a site located close 
to an energy power plant was used to study a bioremedi-
ation process using rape seed plants, in both the absence 
and presence of hemp shives as natural amendments. The 
development of rapeseed plants cultivated is influenced by 
the presence of heavy metals ions and hemp shives and the 
following effects were observed:
1. Prevalence of an inhibitory effect on biomass accumula-

tion in plants demonstrated by significant decrease in 
lengths of stems and in the amount of biomass accu-
mulated in the stems and leaves.

2. Prevalence of significant decrease in chlorophyll a and 
b contents and significant increase of carotenoids com-
pared to the values   recorded for plants that have grown 
in the absence of hemp shives.

3. Modulation effects of hemp shives on Cu (II) and Pb 
(II) bioaccumulation in rapeseed plant; the transloca-
tion factor calculated indicated a decreased transport of 
metal ions to the upper parts of plants for S11 and S22 

variants and a promotion of heavy metals to the aerial 
parts of plant for S33 variant. 

4. Bioactive compounds existing in hemp shives aqueous 
extracts can modulate the bioaccumulation process 
of lead and copper ions in Brassica napus, depending 
on heavy metal concentrations in soil. At low concen-
trations in soil the presence of hemp shives stimula-

Fig. 7. Bioaccumulation coefficient of Cu (II) in vegetative 
organs of rapeseed plants. Bars showing the same letter are 
not significantly different at p ≤ 0.05. Error bars represent the 
standard error of means (n = 3)

Fig. 8. Bioaccumulation coefficient of Pb (II) in vegetative 
organs of rapeseed plants. Bars showing the same letter are 
not significantly different at p ≤ 0.05. Error bars represent the 
standard error of means (n = 3)

Fig. 9. Translocation factor of rapeseed plants. Bars showing 
the same letter are not significantly different at p ≤ 0.05. Error 
bars represent the standard error of means (n = 3)
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tes lead and copper bioaccumulation, promoting the 
translocation of heavy metals to the aerial part of the 
plant. In this case the polyphenolic compounds elu-
ted from hemp shives as natural amendments, incre-
ase the solubilisation of heavy metals and improve the 
phytoextraction process. At higher concentration in 
soil another effect may take place: reducing Pb(II) and 
Cu(II) mobility, decreasing thus translocation and de-
termining in situ inactivation of heavy metal ions being 
suitable in phytostabilisation. Presumably, other com-
ponents of lignocellulose are involved in this process.

5. The prevalence of significant increase of Pb(II) and 
Cu (II) bioaccumulation in different vegetative organs 
of rapeseed plants after adding hemp shives indicates 
that they can be recommended to be used as amen-
dments in bioremediation of polluted soils. The results 
obtained in this study will be further developed with 
the aim to elucidate the mechanism of the complex in-
teractions of components of the system. 
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