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Pilot-Scale Phytoremediation: What We Aim to Achieve

Design site-specific 
strategies with a shared 
monitoring plan for 
comparability

Use pot trials to select 
top-performing plants 
and effective soil 
additives

Apply optimized 
methods in a 3.5-year 
on-site campaign

Harvest and production 
of energy crops for 
biofuel production

Compare results across 
sites to share insights 
and best practices

Develop and validate optimized phytoremediation strategies using energy crops, with the goal of 
restoring contaminated land for safe agricultural use and enhancing environmental sustainability.

Key Performance Indicators
Contaminant uptake rate of energy crops equivalent to 
a < 20 years full remediation cycle

KPI 1

Yield of the energy crops >85% in comparison with the 
crop yield in clean soil conditions

KPI 2

Plant translocation factor of the contaminants from the 
roots to the aerial biomass > 1

KPI 3

Cost reduction of factor >5 compared with the 
excavation and disposal threshold

KPI 4



Spain (South Europe)

TARRAGONA, CATALONIA

Argentina (South America)

LA PLANTA, SAN JUAN

Lithuania (Baltic region)

ŠIAULIAI CITY

Serbia (Balkan region)

ITEBEJ, BEGEJ CANAL
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Four Test Sites, Four Environmental Contexts

TYPE OF CONTAMINATION: total 
petroleum hydrocarbons (TPH) ~2500 
mg/kg TPH in soils 
Main challenge: 
• High content of light range fraction of 

TPH – BTEX, MTBE and ETBE are the 
major contributors – which are volatile

• Below ground pollution.

TYPE OF CONTAMINATION: total 
petroleum hydrocarbons (TPH) ~ 100 to 
7132 mg/kg 
Main challenge: 
• High content of mid-to-heavy range 

fraction of TPH (C10-C40) which 
presents challenges for microbial 
degradation. 

TYPE OF CONTAMINATION: Zn≈7123 
mg/kg; As ≈ 6516 mg/kg; Cu≈240 
mg/kg; Cd≈76 mg/kg

Main challenge: 
• Extremely high content of As, Cd and 

Zn
• High content of Cu 
• High mobility/bioavailability of 

contaminants (≈40% for Cd, Zn and 
Cu and ≈40% for As). 

TYPE OF CONTAMINATION: Cr≈250 mg/kg; 
Cu≈180 mg/kg; Cd≈ 5 mg/kg; Zn≈400 
mg/kg; Pb≈150 mg/kg; TPH≈2500 mg/kg 
Main challenge: 
• High content of Cu, Cr, Pb, 
• Moderately high content of Cd, PAH, 

TPH
• Low mobility/bioavailability of 

contaminants (˂1% for Cr and Pb and 
˂10% for Cd, Zn, PAH, TPH).
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Four Test Sites, Four Environmental Contexts

Main challengeClimatic zoneN, available P and KEhpHOMSoil texturePilot site

Poor soil quality: low OM

and N

Heat increase degradation

but also volatilization

Dry and Warm summer
N: 0.04-0.03 mg/kg

P: 24-34 mg/kg
266-623µS/cm7,2-7,73,83±0,13%

Sandy loam

(14% of clay)
Spain

General soil quality optimal

High clay and pH

additionally stabilise HM

Without dry season / Hot

summer

N: 2360±633ௗmg/kg

P: 390±61ௗmg/kg

K: 132±12.8ௗmg/kg

441.5±37.4 µS/cm7.3-7.88.4±1.6%
Sandy clay

(36% of clay)
Serbia

Poor soil quality: low OM

and N

Cold- slow biodegradation

Without dry season / Warm

summer

N 0.61 - 9.1 mg/kg

P: 54-400 mg/kg

K: 44 – 374 mg/kg

81-167 µS/cm7.5 to 8.51.79-4.39 %
Loamy sand

(87.12% of silt)
Lithuania

Poor soil quality: low OM

Low pH increase element

mobility

Low pH and high EC could

reduce plant survival

Desert Hot

N: 109-664 mg/kg

P: 5-16 mg/kg

K: 5-117 mg/kg

28,800-52,400

µS/cm

P1:2.5-3.1,

P2: 3.1-6.8

2%Sandy Loam:

10-17% of clay
Argentina

To be published soon.



5

Site-Specific Optimization of Phytoremediation Strategies 
via Pot Experiments

Key FindingsAmendmentsPlants TestedChallengeCountry

Sorghum sp. + Compost + Biochar + PGPR 
gave highest biomass

PGPR strains, compost, biochar, and 
mix (PGPR + Compost + Biochar)

Rapeseed, Sorghum sp., 
Panicum virgatum, 
Sunflower

Volatile TPH contamination, poor 
soil quality (OM and N)

Spain

Rapeseed rotation with Sorghum -
highest BAF for all HM; selected for field 
use
Amendments – mineral fertilizer

Mineral fertilizer, PGPR (Bacillus, 
Pseudomonas), organic acids 

Rapeseed, Sorghum sp., 
White mustard, Sunflower, 
Hemp

Low metal bioavailability and crop 
selection

Serbia

Compost + NPK optimized biomass across 
plant types
KCl – Herb. Mix
PGPR – all plant species

Compost, NPK, KCl, PGPR (Bacillus, 
Pseudomonas)

Amaranth, Jerusalem 
artichoke, Herbaceous 
mixes

TPH soil contamination and low 
fertility, poor soil quality (OM and 
N) 

Lithuania

5% compost + 18% dolomite improved 
survival and reduced toxicity to teste 
plants

Compost and dolomite (varied 
doses)

Native trees and shrubs, 
Quinoa

Acidic soils with chronic 
contamination, increased toxic 
element mobility, poor soil quality 
(OM and N)

Argentina

Tailored approaches to overcome key environmental challenges at pilot sites. Pot experiments were conducted across four pilot sites 
(Spain, Serbia, Lithuania, Argentina) to optimize plant-amendment combinations tailored to the specific contamination and site 
conditions. The goal was to enhance biomass production, pollutant removal/degradation, and soil health recovery under realistic scenarios.

To be published soon.
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Pilot Site Experimental Layouts: From Pot Trials to Field 
Application

AMENDMENTS APPLIED: mix of compost (doses depend on N needed), biochar
(20% of the volume of the total amount of compost) and commercial PGPR
applications.
CROPS: Rotation of Rapeseed and sorghum (2022). In 2024 and 2023, only
Sorghum campaign was used.

AMENDMENTS APPLIED: Ammonium sulphate as mineral
fertilizer

CROPS: Rapeseed 1st and 2nd growing season on Landfill 1 and
2nd growing season for Landfill 2, Sorghum for the 3rd growing
season

AMENDMENTS APPLIED: mix consisting of organic fertilizers, NPK, and bacterial strains. 
CROPS:  
• Green parcels – Herbaceous plants mix (HPM), 1234 m2  
• Yellow parcel – Jerusalem artichoke (J.A.), 870 m2  
• Red parcel – Amaranth (AMA.), 310 m2  
• Blue parcel – Control, 10 m2  

AMENDMENTS APPLIED: Compost and dolomite.
PLANTS: Native shrubs and trees (Larrea coneifolia, Bulnesia r
etama, Prosopis flexuosa, Plectrocarpa tetracantha) and
quinoa crop (Chenopodium quinoa)

To be published soon.
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Phytoremediation Efficiency Over Time: Biomass Yields 
Across Pilot Sites
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 Maximal yield
 KPI 85% of control parcel yield
 KPI 85 % of common agricultural yield

Achievement

73 % (control parcel) - 50% 
(agriculture) - Sorghum

Achievement
˃85 % (control parcel and agriculture)
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 Rapeseed - seed Landfill 1
 Rapeseed - seed Landfill 2
 Rapeseed - harvest residue Landfill 1 
 Rapeseed - harvest residue Landfill 2
 Sorghum Landfill 2

KPI 85% of common agricultural field

Achievement

˃85 % (control parcel and agriculture)
Achievement

77% (agriculture) - Quinoa

Reduction in quinoa yield expressed as difference 
between experimental plots and agricultural soil

Native trees and shrubs:
During a period of 32 month, 
Bulnesia retama, Larrea 
coneifolia, Prosopis flexuosa
and Plectrocarpa tetracantha
increased their size by 12.3, 
14.6, 18.6 and 24.0%,
respectively 

To be published soon.
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Soil Quality Improvement Over Three Years of 
Phytoremediation

Parameter

P1 -pH increased from 
acidic to alkaline due to 
dolomite application, P2 no 
change

Slight decreaseIncreased for 1.3No changepH

Decreased No changeIncreased by 9.96 mS/mNo changeConductivity 
Increased due to compost 
applicationNo changeIncreased 0.32%.Decrease to 4%.Organic Matter 

Increased due to N fertiliser 
and compost applicationNo changeNo changeNo changeNitrogen

P content increased due to 
compost applicationNo changeSlight decreaseIncrease to 91±7 - 122±7Available P

ImprovedRemain good qualityImprovedImprovedConclusion

Overall Soil Quality Implications. The three-year phytoremediation process had varying impacts on soil quality. The use of organic amendments 
significantly influenced nutrient content, while natural plant uptake contributed to the depletion or redistribution of essential elements. The 
results suggest that phytoremediation alone may not drastically improve or change soil quality unless supplemented with targeted amendments 
such as compost, dolomite, or fertilizers.

To be published soon.



Presented highest contaminated layer and TPH reduction in this layer
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Effect of Phytoremediation on TPH Levels Over Three 
Seasons

Start End
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 Spain, 30 cm
 Serbia Landfill 1, 40-60 cm
 Serbia Landfill 2, 40-60 cm
 Lithuania, 40-60 cm

CommentsTPH removal, most

contaminated layer

Pilot site

Average 2022- 2024 for the most

contaminated parcels

94%SPAIN

Average 2023- 2024 (Herbaceous plants)95%LITHUANIA

Average 2022-2024, high heterogeneity

presents on the site. Presented the overall

efficiency

L1≈80%

L2≈56%

SERBIA

AHIEVEMENTS - legal limits
• Serbia Limit value 5 mg/kg

• Remediation value 5000 mg/kg
• Lithuania

• 200 mg/kg

AHIEVEMENTS - legal limits
• Serbia Limit value 5 mg/kg

• Remediation value 5000 mg/kg
• Lithuania

• 200 mg/kg

• Light hydrocarbons (Spain) degrade faster due to higher 
bioavailability.

• Herbaceous species (Lithuania) enhance microbial-driven 
degradation over time.

• Heavy hydrocarbons (Serbia) require longer remediation periods 
but benefit from soil stabilization and microbial support.

• Contaminant uptake rate of energy 
crops equivalent to a < 20 years full 
remediation cycle

• Remediate the contaminated sites in 
a rate that results in <30 years for 
complete site remediation and its 
transition as arable land

To be published soon.



• Decrease of As, Cu, Cd and Zn of more than 47 % was obtained.

• PhytoextracƟon or irrigaƟon effect (lixiviaƟon) 

• Decrease Metal(loid) availability, Ej. Cd from 45% to <0.1%
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Effect of Phytoremediation on Matal(oid) Levels in Soil 
Over Three Seasons
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• In general, no significant change in total Cu, Cr, Pb concentration
• Zn and Cd upward movement on L2
• Available content for Cr, Cu, Pb ˂10%, Cd and Zn up to 40%

KPI 3 - remediate the contaminated sites in a rate that results in 
<30 years for complete site remediation and its transition as 
arable land

• Zn (300 mg/kg), Cd (3 mg/kg), Pb (100 mg/kg) – Close to 
arable lend limit

• Cu (100 mg/kg)– based on the trend of extractable fraction 
– we estimate it could be reached

• Cr (100 mg/kg) - based on the trend of extractable fraction 
– we estimate it could NOT be reached
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KPI 3 - remediate the contaminated sites in a rate that results in 
<30 years for complete site remediation and its transition as 
arable land
Reliable prediction is challenging due to the high concentration 
of toxic elements and the relatively short remediation period—
three growing seasons are insufficient to fully assess long-term 
remediation outcomes.
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Effect of Phytoremediation on Matal(oid) Levels in 
Biomass Over Three Seasons

TFConcentration in Quinoa 
biomass (mg/kg)PlotMetal(loid)

1.91651
Cu

2.311402
11.533451

Zn
33.066332
2.99811

As
4.65182
2.41041

Cd
8.311032

Argentina (Phytoextraction)

• TF > 1, indicating high metal bioavailability and 
effective translocation.

• Quinoa successfully accumulated metals, 
supporting soil decontamination.

• Strategy: Enhance removal via phytoextraction to 
reduce toxicity

Serbia (Phytostabilization)

• Rapeseed: TF > 1 for Cu, Zn.

• Low metal bioavailability.

• Metals immobilized in root zone — low risk, no total 
metal reduction.

• Strategy: Focus on stabilization & soil quality 
improvement.

Key output: Site-specific remediation is key — soil chemistry & contamination dynamics dictate 
phytoremediation success.

TF (L1 / 2)Sorghum (mg/kg) 
(L1 / 2)TF (L1 / 2)Rapeseed (mg/kg) 

(L1 / 2)Metal

0.71/0.3917.9/13.02.24 / 2.0845.9 / 163Cu

0.46/0.273.35/5.421.09 / 0.794.2 / 10.2Pb

0.42/0.621.05/7.050.69 / 0.871.1 / 3.18Cd

0.37/0.178.57/9.390.37 / 0.401.6 / 2.3Cr

0.56/0.5327.2/1031.14 / 1.1057.2 / 215Zn



Summary and Final Remarks

• Each pilot site acts as a site-specific case study due to unique soil 
and contamination conditions.

• Phytoremediation success is influenced by:
• Soil basic characteristics
• Contaminant composition
• Climatic conditions
• Plant species selection
• Amendment applications
• Selected plants

• Key takeaway:
• Tailored remediation strategies are essential.
• Customizing approaches optimizes contaminant removal or 

stabilization.
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