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Abstract 
 
Soil management is a very important action for agriculture in general, and also for producing biofuel feedstock. 
However, part of the soil is contaminated with heavy metals, particularly in C-E Europe, due to previous heavy 
industry. Therefore, the restoration action is necessary, to reclaim the contaminated land for agricultural purposes.  
Soil contamination by heavy metals such as cadmium (Cd), copper and mercury has become a big concern particularly 
in metal plating plants, mining sites and surrounding areas as well as residential area and farmlands in the river 
downstream region neighbouring these facilities. In some cases, heavy metals in soils leach into river water and then 
diffuse onto farmlands with irrigation, resulting in relatively low levels of heavy metals being spread into wider areas 
rather than being localized in high concentrations. 
Therefore, a remediation process is necessary. Thus, recently, weed species, possessing high adaptability to 
environment, have been pointed out as a suitable plant for soil remediation. Although research on phyto-remediation 
using weeds has just begun and there are many issues which need to be resolved, this remediation technique is expected 
to become a valuable technology for the alleviation of heavy metal contaminated soils in the near future.  
The paper will present a remediation plan, taken Camelina sativa as an example of selected weed, and as case-studies, 
Rovinari and Copsa-Mica, two heavily polluted areas in Romania. The proposed plan involves 5 steps which includes 
heavy metals accumulation abilities of weeds, goal and approach for the restoration of metal pollution soils by use of 
weeds/camelina, cleean up the remediation area: control the introduced weeds before re-using the area as a farmland. 
The work has started in 2013 and the research is still on going, as part of ITAKA project. This paper will present 
preliminary results based on selected plan.  
The paper concludes with an invitation to our colleagues from USAMV - Faculty of Land Reclamation and 
Environmental Engineering to join our research for a smart agriculture management.  
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INTRODUCTION 
 
Soil management is important, both directly 
and indirectly, to crop productivity, 
environmental sustainability, and human 
health. Because of the projected increase in 
world population and the consequent necessity 
for the intensification of food production, the 
management of soils will become increasingly 
important in the coming years (Edson, 2011).  
To achieve future food security, the 
management of soils in a sustainable manner 
will be the challenge, through proper nutrient 
management and appropriate soil conservation 
practices. That is why, any opportunity for soil 
decontamination is an important achievement. 
Soil contamination by heavy metals seems to 
be an important challenge in C-E Europe, due  
to former heavily industrialised region. Main 
metals identified in this region are: cadmium 

(Cd), copper (Cu), and mercury (Hg).  
Their presence has become a big concern 
particularly in: 

 metal plating plants;  
 mining sites and surrounding areas;  
 residential area; 
 farmland in downstream river catchment 

neighbouring these facilities. 
Former industrial sites can generate such 
contaminated land - high concentration of 
heavy metals.  
Intensive research will be required to avoid 
further degradation of soils, through erosion or 
contamination, and to produce sufficient safe 
and nutritious food for healthy diets.  
Organic amendments often improve the 
productivity of soils and the nutritional value of 
crops grown thereon. In particular, crop 
residues can be used to increase the 
phytoavailability of essential mineral nutrients, 
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reduce the phytoavailability of toxic mineral 
elements, improve soil physical properties, and 
promote a beneficial soil biota.  
Rothlisberger K.L. (2010), demonstrate that 
seed meal remaining after the extraction of oil 
for biodiesel production from white mustard 
(Sinapisalba), indian mustard (Brassica 
juncea), camelina (Camelina sativa), or 
jatropha (Jatrophacurcas) can act as a 
bioherbicide on several plants. 
Most of the plants mentioned above are source 
of bioenergy.  
The present paper will refer to camelina role in 
soil remediation, underlining the performance 
of energy crops in marginal lands. 

Soil contamination, an important issue 
across EU 
In the modern ecologic conception, soil 
pollutions means any action that causes the 
degradation of the normal operation of soil as 
support and living environment within various 
natural or anthropic ecosystems, control 
expressed through soil physical, chemical or 
biologic degradation, or the occurrence of some 
characteristics in the soil that reflect the 
depreciation of its fertility, the decrease of bio-
productive capacity both from qualitative point 
of view and/or quantitative point of view 
(Kabata-Pendias, 2010). 
3.5 million sites in the European Union 
(EU)were estimated in 2012 to be potentially 
contaminated with 0.5 million sites being really 
contaminated and needing remediation (Report, 
DG ENV B1, 2014).  
This is important to be assessed, as: 

 Soil is a non renewable source;
 Actions need to be undertaken at all

levels. 
Moreover, at local level, soil is considered as a 
key source of socio economic development, 
especially in C-E Europe.  
However, at European level, there is sharpest 
knowledge of soil contamination context, a 
large broadcast of best practices.  
EU also provides guidance and target, manage 
trans boundary impacts and invest in research. 
Romania hasspecific soil regulation at national 
level, using thresholds approaches as type of 
methodology. 

Remediation process 
Soil remediation 
Soil remediation is known as an action of 
reducing the risk to human health or to the 
environment of a soil by treating the source of 
the contamination (removing, treatment, 
containment, elimination, attenuation �).  
Soil remediation supposes the application of 
techniques that can be in-situ, on-site or ex-
situ. One example- used in this research- is the 
so called �phytoextraction�- the use of plants in 
remediation. 
Recently, weed species, possessing high 
adaptability to environment, have been pointed 
out as a suitable plant for soil remediation. 
Phyto-remediation research using weeds has 
just begun and there are many issues which 
need to be resolved (Kabata-Pendias, 2011). 
Thus, remediation technique is expected to 
become a valuable technology for the 
alleviation of heavy metal contaminated soils in 
the near future. 

Phytoextraction: the use of plants to remove 
heavy metals from soils 
Potential of weed for remediation of 
contaminated soils has been explored for some 
time. In order to better understand phyto-
remediation by weeds, the rationale of using 
weeds for Cd remediation (camelina for 
instance), there is need for more research.  
The present paper just tackles the problem, 
based on a previous project on Camelina Value 
Chain to Aviation Biofuel in Romania (2010-
2012). During this project, several sites for 
cultivation were chosen, including marginal 
land/contaminated with heavy metals: 
Rovinari, Copsa Mica. 
Based on initial literature review, a research 
has started to see if camelina has the potential 
to remove heavy metals from polluted soils 
(Jurcoane, 2013). 
It is known that herbaceous plants are classified 
into several groups such as crops, grasses, 
weeds and wild plants. Crops are plants that 
require artificial protection such as pest control, 
fertilization, watering and etc.; on the other 
hand, weeds can thrive under severe growth 
conditions. Camelina although is considered a 
crop, has many similarities with weeds. 
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There are several adverse conditions for plants, 
not only heavy metals existing in the soil, but 
also various environmental factors such as low 
temperature, aridity, low sunlight (shade), 
nutrient deficiency (infertile soil), poorly 
drained soil, competitions between plants for 
water, nutrition, and light etc. 
Therefore, remediation plant (plant using for 
restoration of heavy metals pollution soils) 
must be able to grow under these adverse 
weather and soil conditions. On the other hand, 
several methods are considered in 
phytoremediation, and the capability of 
remediation plants are depending on the 
approach considered.  
Unlike organic compounds, Cd cannot be 
degraded; therefore, absorption 
(phytoextraction) and fixation 
(phytostabilization) are the most effective 
methods proposed for Cd-remediation.  
The research related to this paper was focused 
on Cd. 
Phytoextraction is the chemical removal 
method of Cd by absorption through the roots 
and accumulation in shoots, followed by plant 
harvesting.  
Phytostabilization is a method of retaining Cd 
on the adjacent surface of plant roots. 
Mulching, which prevents the run-off of Cd 
contaminated soil into the surrounding non-
polluted area by the root system extending in 
soils, can also be considered for 
phytoremediation technologies.  
Particularly in slopes, mulching with plants 
may be prior to Cd extraction from the 
contaminated soils.  
These technologies are proposed for a join 
research MMU-USAMV. 
Proposed approach of remediation due to 
Cd pollution soils 
The proposed steps to soil remediation due to 
Cd pollution involves 5 steps illustrated below 
(Hernandez, 2012). However, other examples 
related to phytoremediation process are worth 
considering, particularly that they are related to 
Romania.  
Phytoremediation Processes 
The different forms of phytoremediation may 
apply to specific types of contaminants or 
contaminated media, and may require different 
types of plants- (the terms �plant� and 

�vegetation� may be used interchangeably to 
indicate all plant life, whether trees, grasses, 
shrubs, or other forms). 
 

 
 
A Romanian research conducted by Barbu and 
his team from the University of Sibiu in 2010, 
selected Copsa-Mica as case-study. Part of the 
outcome of this research is illustrated below: 
 Phytoextraction: the use of certain plants to 

accumulate in the aerial parts of heavy 
metals/hyperaccumulators; remove by 
harvesting - Bunias orientalis to remove Pb 
and Cd. 

 Several other options, Thlaspicae rulescens, 
including corn (Zea mays), but 
accummulation not more than 10 kg Pb/ha 
pr year (needs 150 year to remediate this 
site). 

 None of selected options were long term 
effective, cheap and easy to use, or 
sustainable. 

As conclusion, the research team from Sibiu 
proposed as a possible solution Giant 
Miscanthus. 
In support of this approach, the polluted area 
needs to be well identified. 
The Figure 1 shows the degree of pollution in 
Copsa Mica. 

 
Figure 1. Copsa Mica polluted areas 
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Barbu and team experiment on Miscanthus is 
described below: 

A piece of land (0.5 ha) was chosen within
the town of Copsa Mica, situated one km
eastwards from the pollution source
(SOMETRA SA).

Land characteristics were determined
according to the current Romanian 
standards, the average sample consisting on 
10 sub-samples taken from different places.  
Soil loading with heavy metals, very
polluted, very acidic and has low amounts of
nutrients.
Solid polluted with heavy metals was
determined in solid state, using a High-
resolution continuum source atomic
absorption spectrometer ContrAA 700,
produced by Jena Analytik, Germany.

The first analysis were obtained in April 2009, 
but research continued in 2010/11/12 with 
promising results.  

Figure 2. Miscanthus before harvesting 

Figure 3. Harvesting site 

The outcome of this research shows that the 
amount of Pb taken by miscanthus is very low, 

unsuitable for phytoextraction. However, this 
plant can be used as renewable energy. 
Thus, the amount of Pb and Cd being low, it 
allows plant to be cultivated on polluted soil 
with now restriction and used as �green energy� 
plant/source.  
Research on heavily polluted soils need to 
continue to find the right answer for restoration 
of heavily polluted soils. 
Phytoextraction 
Another option is phytoextraction. Through this 
method, the contaminant is up taken by roots 
with subsequent accumulation in the above 
ground portion of a plant, generally to be 
followed by harvest and ultimate disposal of 
the plant biomass. 
It is a contaminant removal process.  
Phyto-extraction applies to: 

metals (e.g. Ag, Cd, Co, Cr, Cu, Hg, Mn,
Mo, Ni, Pb, Zn);
metalloids (e.g. As, Se);
radionuclides (e.g. 90Sr, 137Cs, 234U,
238U);
non-metals (e.g. B).

Phytostabilization 
Phytostabilization, the third option, is the use 
of vegetation to contain soil contaminants in 
situ, through modification of the:  

chemical;
biological;
physical conditions in the soil.

Contaminant transport in soil, sediments, or 
sludge can be reduced through absorption and 
accumulation by roots; adsorption to roots; 
precipitation, complexation, or metal valence 
reduction in soil within the root zone. 
As a research stand-point, any of the above 
methods can be implemented in the selected 
case-studies: Rovinari and Copsa Mica.  
What is important, is to find some agricultural 
solutions that can help soil remediation and 
also answer to these objectives:  

reduce our dependence on foreign oil and
greenhouse gases;
create green collar jobs;
and address the world food crisis.

Both Camelina and HDSR- High-Density, 
Short-Rotation trees are the two evidence-
based agricultural solutions that are addressing 
these needs and available now. 
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They both: 
 Grow on marginal land, unsuitable for food 

crops, with low water and other input 
requirements; 

 Revive marginal, unused land by improving 
soil quality. 

 

 
Figure 4. HDSR Trees for high-yield biomass for non-

food biofuel grown on marginal land unsuitable for food 
crop 

 

 
Figure 5. Camelina non-food biofuel source grown on 

soil unsuitable for food, high-yield, 2 harvests/year 
 
Remediation plan: camelina 
Camelina role as soil decontamination 
The plant is native to southeast Europe and 
southwest Asia. Camelina occurs mostly as the 
weed accompanying flax. As a cultivated plant 
it is known for about 4000 years.  
In Romania it is known since bronze age and 
the camelina variety of today is called Camelia. 
In Europe it was spread as an oil plant in the 
time of the ancient Greeks and Romans and in 
the Middle Ages. It was sown purely or in 
mixtures with other crops.  
Camelina sativa is an oil plant of cruciferous 
family. Camelina is suitable for growing on 
less fertilised relatively drier soils with light 
texture, clay soils are not suitable. The sowing 

can be carried out rather early, the seeds are 
capable of germinating at +1�+2 0C and 
young plants resistance to night frosts is good 
(they stand -2�-10 0C).  
The sowing date ranges from end March to end 
April/early May, which gives a harvest date 
between mid-August to early September. 
However, there are two varieties of camelina, 
spring and autumn camelina, and 2 crops can 
be obtained per year, or used as rotational plant 
to wheat in general. The crop is fast growing, 
produces its own natural herbicide (known as 
allelopathy) and competes well against weeds 
when an even crop is established. 
While there are currently no registered 
herbicides for camelina, it is naturally very 
weed resistant and good stands of camelina 
have shown a minimum of weed 
contamination.  
European research has shown camelina to 
generate chemical compounds that suppress 
weed growth. The herbicidal effect of camelina 
is short lived and will not affect next years� 
crop. Research also show that no insects have 
been found that feed on camelina.  
The crop is less susceptible than oilseed rape to 
pod shatter and seed loss, and can stand 
undamaged for up to 6 weeks after full 
maturity.  
However it is always good practice to harvest 
the crop as soon as possible to preserve quality. 
Focus on camelina role in soil 
decontamination from industrial pollution 
This paper presents the study of soil 
remediation with heavy metals, using camelina 
as a source of phyto-extraction: 

 Selected weed: Camelina sativa 
 Case-studies:  

1. Rovinari, a heavily polluted mining area 
in Romania.  

2. Copsa Mica, heavy industry. 
The proposed plan involves 5 steps which 
includes heavy metals accumulation abilities of 
weeds, selected area and approach for the 
restoration of metal pollution soils by use of 
weeds/camelina, clean up the remediation area: 
control the introduced weeds before re-using 
the area as a farmland. 
It is known that the industrial emissions can 
cause the accumulation of heavy metals in 
amounts that exceed normal limitations.  
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As long as heavy metals are strongly tied to 
soil constituents and their accessibility is low, 
their harmful effect on the life in the soil and 
environment will be low. 
But, when soil conditions allow it for heavy 
metals to pass in the soil solution, the increased 
content of heavy metals in the soil has direct 
risk for soil pollution and therefore of the 
plants that absorb it, of man and animals that 
eat the plants.  
Moreover, heavy metals can leach into the 
phreatic water or the surface water and from 
them they can affect man and animals.  
 
Camelina overview 
Camelina is an oilseed crop in the Brassica 
family, recently an important new player 
"fuelling" the alternative energy market.  
It grows in temperate climate, Europe, 
throughout U.S. and Canada where the oilseed 
is crushed to produce biodiesel. 
Airline demonstration flights using 
camelinabiofuel, and subsequent flights 
confirm the camelina 2nd-generation biofuel's 
operational performance capabilities and 
commercial viability. 
Camelina provides sustainable, low-input, 
biofuel feedstock that does not interfere with 
food production.  
 
Camelina benefits 
Virtually, Camelina sativa is considered to be 
100% efficient, known as �gold of pleasure�. 
The plant grows on marginal land, being 
unsuitable for food crops and uses little 
moisture. 
Camelina is an excellent rotational crop to 
break cycle of continuous, small grain crops 
requiring excessive petrochemical based 
fertilizer. It can enhance yield of subsequent 
rops such as wheat by up to 15%. 
Camelina aids in reduction of weed and disease 
cycles. 
Harvested and crushed for oil while remaining 
parts can be used for high-quality, omega-3 
rich animal feed. 
Camelina Biodiesel helps local economies, 
reduces need for foreign oil supplies on a 
national level, reduces gashouse emissions. 
 

Camelina's four significant advantages in the 
world of biofuel-US example (Deborah Dupre' 
and Associates, 2009) 
� Sustainability - Camelina is the only 

currently available biodiesel feedstock that 
is non-food, grows on marginal land, and 
requires little input, including water.  

� Profitability - Provides high-quality oil for 
biodiesel production at a $0.05/lb. lower 
price than competing oil, while also 
compensating growers with a healthy return 
for their marginal land use. Equity investor 
return is in excess of 30% over 5 years.  

� Scalability - 100 million gallons/378541180 
Litres can be produced with only 1 million 
acres/405000 ha of Camelina production 
over the next 5 years; a very small 
percentage of suitable land available for 
production of the crop in the U.S., not to 
mention opportunities internationally. 

� Flexibility - makes an ideal oil for 
development of 2nd generation biofuel 
products including 'drop-in' transportation 
and aviation fuel.  

� Camelina is the only a 90-day crop that can 
be planted in the fall or spring, allowing the 
potential for double-cropping with other 
crops in summer months. 

Romanian camelina value chain-case-study 
Copsa Mica (Jurcoane S. et al., 2012).  
Specific research on camelina related to 
Romanian soil was conducted as part of two 
projects: Romanian Camelina Value chain- 
case-study 2011/2012 (BIOTEHGEN 
approach) & ITAKA: 2013/14. 
The interest in Camelina crop is due especially 
for: 

 its unique agronomics characteristic and  
 for the possibility to cultivate this plant 

on different types of soils that are not 
suitable for food production.  

 This would minimise the direct and 
indirect effects of land use change 
associated with an increased market 
for biofuels.  

 The availability of lands and water 
could become a serious problem. 

 This is why there is need to improve 
water use efficiency through 
cultivation of drought resistant plant.  
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Another objective of this research was to 
identify what influence camelina plants have on 
soil fertilisation in order to determine the most 
suitable crop rotation. 
 
The outcome of MMU&BIOTEHGEN 
research (2013) 

 It is necessary to continue this kind of 
research especially monitoring the polluted 
lands, contaminated with heavy metals, and 
to analyse the phytoremediation potential of 
Camelina.  

 Recent studies have shown that plants from 
Brassicaceae family can extract heavy 
metals like Cr, Hg from soils (Kabata-
Pendias, 2011). 

 Previous research has shown that there are 
two ways plants can accumulate metals: 

 1. through roots by the soil absorption 
and precipitation of pollutants, process 
known as phyto-stabilization;  

 2. through the aerial part of the plants, 
process known as phyto-extraction. 

Only the correlation between the total metals 
content in soil and the metal concentration in 
the plant can provide information on how 
metals penetrate the plant. 
 
Rovinari case-study 
As mentioned above, Rovinari was selected as 
one of the contaminated site, linked to heavy 
industry. 
The Rovinari town is located in the Southern 
part of Romania. It is a small town, with less 
than 12,000 inhabitants, and it mainly grew due 
to the nearby coal exploitation for the Rovinari 
Coal Power Station (RCPS) - one of the largest 
electricity producers in Romania. The whole 
town has been build and developed around 
RCPS and its activities, being basically a 
mono-industrial town, highly dependent on the 
on-going business of RCPS. 
 
Copsa Mica 
In Romania there are some polluted regions. 
One of the most important polluted areas is 
Copsa Mica region (149,465 ha), while 18,638 
ha are considered excessively polluted as 
illustrated in Figure 1. 
 

 
Figure 6. Camelina field before harvest 

 
Experimental plot was located near Copsa 
Mica, in the experimental field of University 
Lucian Blaga Sibiu from Copsa Mic , Sibiu 
County (0.005 ha).  
In the experimental field, soil cadmium content 
was 20 ppm and lead content was 682 ppm. 
Accepted heavy metals limits are 3 ppm for 
cadmium and 50 ppm for lead. 
For these reasons, most of this area is 
uncultivated.  
However, camelina, and oil seed rape could be 
planted in this area, to produce biofuel, thus 
eliminating debate: fuel vs food. 
 

 
Figure 7. Camelina in early spring 2011 at Copsa Mica 

 
Crop rotation- previous crop was a degraded 
pasture.  
Fertilization - no fertilization was used. 
Seed bed preparation- the plow and disc harrow 
has been used.  
Seed density was around 500 seeds/sqm.  
A width of 25 cm between rows was used, 
according to Imbrea et al. (2011) 
recommendations. 
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Campina Polluted land 
 

 
Figure 8. Camelina - autumn 6 Dec 2012 

 

Table 1 shows selected trials on contaminated 
soil and organisational approach.  
Other Case - studies: Camelina Crop 
development in Axente Sever 
Weeds: 

 In the first part of the growth period, 
Camelina plants were not affected by the 
weeds.  
 During the pod filling period, after a wet 
period, the camelina plants were covered 
by the weeds, especially from genus: 
Xanthium because the rainfall did not 
allow farmer to harvest in time. 

 
Table 1. Camelina BIOTEHGEN locations - polluted land (seeding Autumn, 2012) 

No. 

Location 
County-

village-type 
of land 

Surface Tillage 
systems 

Previous 
crop 

Herbicides 
employed: 

date of 
application 

and dose 

Seeder 
Crop 

planting 
date 

Crop 
emergence 

date 

1. 

Copsa Mica-
Sibiu county- 

polluted 
land(heavy 

metals) 

1ha 

Ploughing 
at 22-25 

cm+ milling 
+ rolling + 

sowing 

Maize 
 - SUP 21 03.Nov.2012 20.Nov.2012 

2. Rovinari - 
Gorj county-  
polluted land 

(steril and 
ash dumps) 

0.5 ha  
- steril 
dump 

 

Ploughing 
at 20 cm + 

disc 
harrowing+ 

sowing 

Sunflower - 

SUP 29 09.Nov.2012 24.Nov.2012 

 

0.5 ha  
- 

ash 
dump 

Maize - 

3. 

Campina-
Prahova 
county -

polluted land 
(pyrite and 

oil pollution) 

0.8 ha 
  

No 
cultivate 

land 
- Spreading 

method 16.Nov.2012 03.Dec.2012 

 

 
Figure 9. Camelina plantation as of 18 June 2012 

 
 
 

 

 
Figure 10. Weeds in late spring 
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Figure 11. Weeds in late spring 

 
Experiments in 2012/2013 

 Experiments carried out in 2012-2013 
involved three degraded locations 
contaminated with various pollutants. 

 Need to determine whether there is a 
possibility that camelina plants have the 
potential for phytoremediation. 

Also, there is need to investigate the heavy 
metals transfer from soil to plant; some initial 
research is included in ITAKA project, but 
more in depth research is needed.  
 
Research Questions 
 
Giving back to agriculture a heavily 
contaminated land has a very positive 
messages. Therefore, research on phyto-
extraction, which is at the beginning, needs to 
be explored further.   
As stated before, this type of research is at very 
beginning. However, a question is imposed: 
Camelina Phyto-excluder or Phyto-
extracter�? 
At present (autumn 2014), preliminary research 
data are being analysed by MMU & Biotehgen. 
Research needs to continue for at least 3-4 
years till a conclusion can be drawn. 
Camelina may be more feasible than many 
other solutions, especially on large, arable 
surfaces as a crop suitable for polluted land. 
Research is far from being ready, considering 
the goal to regain heavily polluted land for 
agricultural purposes. 
There is NO definite answer: research needs to 
continue in a joint team: MMU & USAMV 
This paper is an invitation to our colleagues 
from USMV- Faculty of Land Reclamation and 
Environmental Engineering to join our research 
for a smart agriculture management: 

 May be it was not the best approach and 
smarter solutions are waiting out there� 

 However, this land can be used to 
camelina cultivation for biofuels, 
providing heavy metals are not present in 
the seeds/oil. 
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