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ÅαThe biosphere isa self-regulating entity with the 
capacity to keep our planet healthy by controlling 
the chemicaland physical environment.έ

James Lovelock



Environment

The surroundings or 
conditions in which we 
live and operate 
(organic, inorganic i.e. 
artificial)



Environmentalelements

ÅNatural environmental elements
ÅSoil and geological medium 

(bedrock, minerals, sediments)
ÅWater (surface and subsurface)
ÅAir
ÅBiosphere (plants, animals, 

microorganisms)

ÅArtificial (built) environment 
(settlements, road networks, etc.)



A living thing is a discrete entity, or organism, that has the 
following characteristics:

ÅIt can capture useful energy from its surroundings.

Å It can extract materials from its surroundings for growth and maintenance of its
structure.

Å It is responsiveτit reacts to its surroundings, using energy and material to move orgrow.

Å It reproducesτit generates other organisms like itself, preserving its own characteristics
by passing them on to succeeding generations.

Å It adaptsand evolvesτsuccessive generations can change as the environmentchanges; 
individuals exhibit adaptations, that is, they are specialized for a particularfunction in a 
particular environment.



The hierarchyof life

ÅMetabolismAll of the chemical reactions within an organism that sustain life.

ÅOrganelleSubcellular structures within cells that carry out specializedfunctions.

ÅCellThe basic unit of life, a structure completely surrounded by amembrane, containing a nuclear 
region and cytoplasm; the smallest structure capable of having all of the characteristics of life.

ÅTissueA group of similar cells having the same function in a multicellularorganism.

ÅOrganA single structure of two or more tissues that performs one or morefunctions in an 
organism.

ÅOrgan system A group of organs that carry out related functions.

ÅOrganismAn individual entity that has all of the characteristics of lifedescribed above and 
possessing the same hereditary informationin all its cells.

ÅPopulationA group of individuals of the same species living in the sameenvironment and actively 
interbreeding.

ÅCommunityA group of interacting populations occupying the same environment.

ÅEcosystemThe combination of a community and its environment.

Vaccariet al., 2006



The hierarchyof life

ÅOrganismAn individual entity that has all of the characteristics of lifedescribed above and 
possessing the same hereditary informationin all its cells.

ÅTaxonomyof organisms: 

ÅBiologistsusethe Linnaeansystemto classifyorganisms,whichconsistsof a hierarchyof groupings
and a naming convention. The lowest level of the hierarchy is the species. Similar speciesare
grouped into a genus. The naming convention, called binomial nomenclature, assignsto each
speciesa two-word name.

ÅMemorytrick for the sequencefrom kingdomto species:

Å King Phillip came over from Greece Saturday

ÅKingdom Phylum Class Order Family Genus Species

Vaccariet al., 2006



ÅThebiosphereis the 20 km thick part of the Earth'slithosphere, hydrosphereand atmosphere, where life and biologicalprocessestake
place. Accordingto the broadestgeophysiologicalpoint of view, the biosphereis the globalecosystem,with all living thingsandall their
connections,includingthe non-livingenvironment. Thebasicfeatureof the biosphereisevolution,whichbegan3.5 billion yearsagowith
the birth of life.

ÅThelivingmaterialof the biosphere,the biomass, containsabout1,900gigatonnesof carbon,whichcorrespondsto 3.7 kg/ m2 of carbon
on the surfaceof Earth(includingseaandland).

This time series animation features the MODIS Terra Vegetation Index (MOD13C1) product. The MOD13C1 16-day product features data starting on 

February 2, 2000, through December 19, 2013, and includes 320 images.



Biosphere-[ƛǾƛƴƎ ǘƘƛƴƎǎ ŘƻƴΩǘ Ƨǳǎǘ ƭƛǾŜ ƛƴ ǘƘŜ 
environment: To a great extent they create it.



Atmosphere

ÅTemperature

ÅLandscape(e.g. 
reductionof soil
erosion)

ÅBiogeochemicalcycles



Biogeochemicalcycles

ÅBiogeochemicalcyclesincludea varietyof metabolicpathwaysaswell asabiotic reactionsthat continuously
replenishthe chemicalingredientsof life.

ÅMicrobes are the agents of most of these reactions, often through adding electrons to and removing
electronsfrom atomswithin a sequenceof redoxreactions.

ÅBiogeochemicalcyclesare not maintainedby any singlespecies; rather, they representthe collectiveeffects
of diverse,yet inherently coordinated,microbial consortiaas well as interactionsof microbeswith higher
organisms.



Biogeochemicalcycles

ÅBiogeochemicalcyclesare a startingpoint for the analysisof the effect of
humanson the environment.

ÅSincethe heat-trapping effect of atmosphericCO2 and methane are a
seriousconcern,it is important to understandthe rate of anthropogenic
(human-caused)emissions(environmental impacts) of these gasesand
the ratesat whichthey arenaturallyremoved.
ÅHalf of the CO2 releasedby combustionof fossil fuel since the beginningof the

IndustrialRevolutionremainsin the atmosphere.

ÅIt is thought that the oceanhasabsorbedthe remainder.



EnvironmentalImpact

ÅChanges in the environment arising completely or partially from a natural 
process, phenomenon or activity of an individual or an organization, its 
products or its services. 

ÅEnvironmental impact can be favorable or unfavorable.

ÅIn short: any activity with an impact on the environment (or on one of the 
environmental elements)



Use of the environment

ÅAn activity subject to permit for the use or exposure of the 
environment or an environmental element.

Use of the environment:

bring  change into the 
environment, 

the usage of environment or an 
element as a natural resource 
(e.g. ecosystem service)

Environmental impact:

release of a substance or energy 
into the environment

THE QUESTION IS: Where is the 

threshold between 

environmental impact and 

environmental contamination?



Environmentalprotection

ÅA systemof activitiesand measuresto protect, improve and prevent the
deterioration of natural environmental elements (soil and geological
medium,water, air, ecosystem,landscape)and artificial environments to
ensurethe health andsurvivalof mankindandthe ecosystem.

ÅThelevelof environmentalprotection is stronglyconnectedto the stageof
development(economic,technical,social,cultural, scientific,political and
legal).



EnvironmentalProtectionHierarchy(source: epa.gov)

Pollution prevention (P2) is any practice
that reduces, eliminates, or prevents
pollution at its source, also known as
"sourcereduction."

ÅSource reduction is fundamentally
different and more desirable than
recycling,treatment anddisposal.

ÅThere are significant opportunities for
industry to reduceor prevent pollution
at the source through cost-effective
changesin production, operation, and
raw materialsuse.

ÅThe opportunities for source reduction
are often not realizedbecauseexisting
regulations focus upon treatment and
disposal.

Environmentalmanagement



Environmental
management
Reasonable, economical, 

environmentallyfriendly, low-
waste, pre-lanned, long-term, 

sustainableuseof natural
resourcesthrough effective

conservation.



Environmental
management
Reasonable, economical, 

environmentallyfriendly, low-
waste, pre-lanned, long-term, 

sustainableuseof natural
resourcesthrough effective

conservation.

ENVIRONMENTALSAFETY

THE CONDITIONOF 
ENVIRONMENTALELEMENTS
(EXOTOXICOLOGY? 
MONITORING?)

USAGEOF NATURAL
RESOURCES

USEOF ENVIRONMENT
AND RESOURCES, 
ENVIRONMENTALLOAD

IPPC PERMIT

ENVIRONMENTALREVIEW

ENVIRONMENTAL
PERFORMANCE REVIEW

ENVIRONMENTALPROTECTION

NATURECONSERVATION

POLLUTANTS
(E.G. POP, EDC, EMP)?

MITIGATION

DAMAGECONTROL

REMEDIATION

SEWAGETREATMENT

WASTEMANAGEMENT

DISASTERCONTROL
MANAGEMENT

PROTECTIONOF CRITICAL
INFRASTRUCTURES

BIOLOGICALCONTAMINANTS



Environmental Pollution

Physical, chemical or biological changes in the
properties of environmental elements which
havean adverseeffect on the health, survivalor
well-being of humans and/or other living
organisms.

IN SHORT: SUCCEEDENVIRONMENTALLIMIT
VALUESORTHEILLEGALDISPOSALOFWASTE

(BELOWLIMIT: ENVIRONMENTALLOAD)

CAUTION: α5hbΩ¢BE ENCHANTEDBY LIMIT
±![¦9{έ!!!



Physical

Biological

Radiological

Chemical





EnvironmentalPollutant

Substances or mixtures of
substances, their degradation
products, which, if releasedinto
the environment,

Åmay adversely affect the
condition of environmental
elementsor

Åharmful to humanhealth or have
a negative effect on
environmentaluse.

Primaryandsecondarypollutants



What is considered as environmental 
contaminant/pollutant (i.e. harmful substance/chemical?

Ambient air (Hungarianlow):

4/ 2011. (I. 14.) VM decree: technological (general: 228 organic substance+ 11
carcinogenand procedure-specific: 56 procedure (e.g. steel construction,
fertilizer production, etc. ) emissionvalues; air load level exposurelimits (20
substancewith a specialattention to air pollutants of major importanceand
carcinogenair pollutants immission values), air pollutants planning values
(166 substances+ sedimenting dust!), disclosure (information) and alert
thresholds (sulfur dioxide, nitrogen dioxide, carbon monoxide, particulate
matter PM10, ozone) , critical air load levels set to protect ecosystems
(sulfur dioxide, nitrogen oxides, ammonia, near-ground ozone, 9 types of
aerosolsincludingmetal-containingones)



AIR POLLUTANTSOF MAJOR IMPORTANCE
4/2011.(I.14.) VM DECREE

Sulfurdioxide, nitrogen dioxide, carbonmonoxide, particulatematter
PM10, lead, mercuryand benzene(carcinogenair pollutant), 

ozoneis in a separatesection

α/9w¢!Lb /!wLbhD9b !Lw th[[¦¢!b¢{έ 

Arsenic, Cadmium, Nickel, Benzo(a)pyrene, Chromium, Beryllium, 1,3-
Butadiene, Dioxinsand furans, Tetrachloroethylene, Trichlorethylene, 
Vinyl chloride,

Specialitem: asbestos

butadieneTrichlorethylene, 

Tetrachlorethylene
Vinyl

chloride

Benzo(a)pyrene



Surface water

Å10/ 2010. (VIII. 18.) VM decree on surface water
contamination limit values (connected to Water
Framework Directive to determine the general
chemicaland physicalproperties of water affecting
biological elements such as priority and other
substances)

56 priority substance,4 other harmful substance
(zinc,copper, chrome,arsenic)

Å28/ 2004 (XII.25.) KvVM decreeon emissionvalues
of water pollutantsΧ

(technological: 37ςtypes of technology, areal: 35-
types of parameters, parameters for release to
public sewer: 40 parameters, unique limits: 54
parameters)



Soil and 
subsurface 
water

219/2004. (VII. 21.) Government 
Regulation

About the protection of subsurface 
water and its implementing 
regulation: 

6/2009. (IV. 14.) KvVM-E¿M-FVM joint 
decree



(B) Contamination threshold value

K (1-2) : hazard classification according to toxicity, degradation and accumulation in human body

Approx. 180 substance



Examplefor secondarycontaminantin soil-groundwatersystem:

Amongchlorinatedhydrocarbonsubstancesin soil:  

CI                        CI
tetrachloroethylene C      C

Cl                    CI

[RfD: mg/bodyweightkg/ day]

όαdryέ cleaning) degradationin low oxygenenvironments

H
Vinyl cloride*             C      CH      Cl

H

Whichis more water solubleand more reactivewith proteinsand nucleicacidsthan the
parent compound.

Water solubility: 150 mg/L

CSForal : 0,052        

CSFinhalation: 0,002

RfDo = 1.0E-02, (i:1,4E-01)

Water solubility : 2670mg/L

CSForal : 1,5       

CSFinhalation : 0,03

RfDo = 3.0E-03 (i:2,8E-02)



Carcinogen?

European Union: REACH (in force: EC 1907/2006) Annex. XVII. Carcinogensubstancesare listed in Appendix 1, 
Entry28. (Entry29. is listing mutagens)

Carcinogenscategory1A and 1B 

WHAT IS REACH?Ą separateslide

SAFETY SHEETS!  ĄHazardstatements(H350 and H351)

IARC(INTERNATIONAL AGENCY FOR RESEARCH  ON CANCER)  Last update: 12 December 2019.   1017 substances

More than 40 years of data collection !!! https://monographs.iarc.fr/agents-classified-by-the-iarc/

EPA USA(ENVIRONMENTAL PROTECTION AGENCY)

https://monographs.iarc.fr/agents-classified-by-the-iarc/


What is REACH?
ÅREACH (EC 1907/2006) aims to improve the protection of

human health and the environment through the better and
earlier identification of the intrinsic properties of chemical
substances.

ÅThis is done by the four processesof REACH,namely the
Registration, Evaluation, Authorization and restriction of
CHemicals.

ÅREACHalsoaimsto enhanceinnovationand competitivenessof
the EUchemicalsindustry.

Åαbƻdata noƳŀǊƪŜǘέphilosophy: the REACHRegulationplaces
responsibilityon industry to managethe risks from chemicals
andto providesafetyinformationon the substances.

ÅTheRegulationalsocallsfor the progressivesubstitutionof the
most dangerouschemicals(referred to as "substancesof very
highconcern")whensuitablealternativeshavebeenidentified.

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32006R1907


AnnexXVII REACH
ÅThe restricted substances (on their own, in a mixture or in an article) 

are substances for which manufacture, placing on the market or use is 
limited or banned in the European Union.



Categories Criteria

CATEGORY 1:

Known or presumed human carcinogens

A substance is classified in Category 1 for carcinogenicity on the basis of epidemiological and/or animal data. A substance

may be further distinguished as:

Category 1A: Category 1A, known to have carcinogenic potential for humans, classification is largely based on human evidence, or

Category 1B: Category 1B, presumed to have carcinogenic potential for humans, classification is largely based on animal evidence.

The classification in Category 1A and 1B is based on strength of evidence together with additional considerations (see

section 3.6.2.2). Such evidence may be derived from:

Åhuman studies that establish a causal relationship between human exposure to a substance and the development of

cancer (known human carcinogen); or

Åanimal experiments for which there is sufficienta evidence to demonstrate animal carcinogenicity (presumed human

carcinogen).

In addition, on a case-by-case basis, scientific judgement may warrant a decision of presumed human carcinogenicity 

derived from studies showing limited evidence of carcinogenicity in humans together with limited evidence of 

carcinogenicity in experimental animals.

CATEGORY 2:

Suspected human carcinogens

The placing of a substance in Category 2 is done on the basis of evidence obtained from human and/or animal studies,

but which is not sufficiently convincing to place the substance in Category 1A or 1B, based on strength of evidence

together with additional considerations (see section 3.6.2.2). Such evidence may be derived either from limiteda evidence

of carcinogenicity in human studies or from limited evidence of carcinogenicity in animal studies.

http://www.legislation.gov.uk/eur/2008/1272/annex/i?timeline=false#f00088
http://www.legislation.gov.uk/eur/2008/1272/annex/i?timeline=false#f00088


ECHA (European Chemicals Agency) table

ÅA tablehasbeenpreparedby
the European Chemicals
Agency (ECHA)to facilitate
the searching of restricted
substancesin the AnnexXVII
of the REACHRegulation,
and the table provides
additional information
related to the specific
restrictionentry.





Identification criteria for persistant(P) bioaccumulative(B), toxic (T), very persistant(vP) and very toxic (vT) substances

Persistant(P) 
criteria, half life 

(days)

Verypersistant(vP) 
criteria, half life 

(days)

Bioaccumulative
(B) criteria,  

bioconcentration
factor

Verybioaccumulative
(vB) criteria,  

bioconcentration
factor

Toxicity(T)
Criteria

a) NOEC or EC10 is lower than 0.01 mg/l;                                                                                                                   
b) Basedon the 1272/2008/EC directive, substanceis 

classifiedasa carcinogen(categoryI and II), 
mutagenor reprotoxicagent

c) Thereareother evidencesfor the chronictoxicity
e.g.  The substance is classified as 
a SpecificTargetOrganToxicant (STOT)(it produces 
specific target organ toxicity/systemic effects that 
are not specifically addressed elsewhere in the 
GHS). All significant health effects that can impair 
function, both reversible and irreversible, 
following single exposureor repeated exposure, 
are included.

Seawater > 60

> 60
Aquaticspecies > 

2000
Aquaticspecies> 

5000Freshwateror
estuary

> 40

Seasediment >180 

> 180 
Freshwateror

estuarysediment
> 120

SOIL > 120 > 180 



Is thisenough? Whataboutproductionand sale?

ÅThe annual global production of chemicalshas risen from 1
million tonnes(1930) to over400million tonnes.

ÅOnthe communitymarket,slightlymore than 100000different
substancesare traded of which 30 000 succeedthe annual
volume of 1 tonne. Internationally, approx. 200-1000 new
substancesare introducedin a year.

ÅAccordingto World Wildlife Found (WWF)80% of chamicals
usedin bulk haveneverbeen tested for humanhealth (Χwhat
about ecologicaleffects???)



ÅShortanswer: 
No, it is not
enough



New  challenges

ÅClimatechange
ÅPlasticsand microplastics
ÅEmergingmicro-pollutants(pesticides, 
pharmaceuticals)

Tiny fragments and 
filaments of plastic 
found in table salt





Whatcanwedo? - ENVIRONMENTAL PROTECTION

ÅTHEPROTECTIONOFNOTONLYTHENATURALENVIRONMENTBUTBUILT(I.E. ARTIFICIAL)
ENVIRONMENTASWELL.

ÅAIM: TOORGANIZEHUMANACTIVITIES(INDUSTRIAL,AGRICULTURAL,TRANSPORTATION,
ETC.) IN A WAY TO PRESERVETHE NATURALAND ARTIFICIALENVIRONMENTOF
HUMANITY.

ÅBALANCINGςCOMPROMISESEARCH,BUTCONSERVATIVEESTIMATIONANDAPPROACH!
(in environmental protection, a conservativerisk/managementapproach is when the
worst-casescenariois taken into accountduring planningor permitting environmental
use)

ÅIn the longrun, natureconservationareascanbe only maintainedwith the eliminationor
reductionof harmfuleffects!



The basicsand the role of environmental
biologyin environmentalprotection

Å The conceptmap on the role of 
biologyin Engineeringand Science

Vaccariet al., 2006



Biologicalapplicationsfor environmentalcontrol

ÅAppliedbiologyplaysa vital role for all humans,in terms of sustainingboth human life
andenvironmentquality.

ÅProduction: high level of dependence (cultivated crops, managedlivestock, managed
forests, biochemicalproductse.g. foods and beverages, bulk chemicals, e.g. aceticacid,
ethanol, advancedpharmaceuticals).

ÅBiologicalsystemsinherently qualify as environmentally friendly, and as a naturally
renewableresourcethey tend to offer significanteconomicadvantages.

ÅMost of these systemscan even self-adjust (i.e., acclimate) to their circumstances
(environmental conditions, competitive pressures,etc.), in an attempt to maintain
optimal performance while handling metabolically an increasinglycomplex array of
industrial chemicals,which may be anthropogenic(human-made)or xenobiotic (foreign
to livingthings).



Biologicalapplicationsfor
environmentalcontrol

ÅSomeenvironmentalpollutantsoccursnaturallyand they areknown
for livingorganisms(e.g. hydrocarbons).



The possiblereactionsof livingorganismsto environmentalpollutants

vegetate perish

Food chain is damaged

Ecosystem damaged

THE REGENERATION CAPACITY 

OF THE ENVIRONMENT IS 

DAMAGED

adaptation

+

Environmental protection, 

biotechnology

No, or minimal
survival

Minimal
removalrate

No or minimal
degradation

capacity

Increasing
survivalrate

Increasingremoval
rate

Good 
degradation

rate
Bio-engineering

THE REGENERATION CAPACITY 

OF THE ENVIRONMENT CAN BE 

RESTORED



Biologicalapplicationsfor environmental
control

Vaccariet al., 2006



Whythe microorganisms?

ÅThey are detectable in all
environmental elements all
aroundthe world

ÅThey can adapt to extreme
environmentalconditions

ÅThe final products of the
degradation of organic
environmental pollutants are
ideally non-hazardous
metabolites (e.g. CO2, H2O)

ÅĄ Bio-conversation, bio-
transformation

https://www.nsf.gov/news/special_reports/sfs/

https://www.nsf.gov/news/special_reports/sfs/


EC 1 Oxidoreductases

EC 2 Transferases

EC 3 Hydrolases

EC 4 Lyases

EC 5 Isomerases

EC 6 Ligases

EC 7 Translocases

https://www.enzyme-database.org/class.php

https://www.enzyme-database.org/class.php


Enzymeswith relevancein environmental
biotechnology

ÅOxigenasesςe.g. the degradationof aromatichydrocarbons

ÅProteasesςkeratin degradatione.g. feather, fur

ÅAmylasesςstarchdegradationand transformation

ÅCellulasesςcelluloseand lignocellulosedegradation

ÅEsterases

ÅLipases pl. biodieselproduction



Demonstration of enzyme reactions through the
example ofpesticidedegradation

ÅHydroxylation: introduction of OH group (increased biologicalactivity, 
more polar, more water soluble (catalyzed by oxygenase enzyme)

ÅDesalkylation: many pesticides contain alkyl groups responsible for toxic 
effects (detoxification! Mixed-function dehydrogenases)

ÅCleavage of ether bond: easier metabolism (mixed oxygenates)

ÅOxidation of aromatic ring: dioxygenases

ÅBeta-oxidation: aliphatic side chains Ą fatty acid, extraction of 2 C atomic 
fragments



Demonstration of enzyme reactions through the
example ofpesticidedegradation

ÅEpoxidation: double bond O atom Ą toxic intermediates! (e.g. aromatic CH oxidesĄ
mercapturic acids

ÅSulphoxidation: 2-valencysulfurĄ sulfoxide, sulfone

ÅReduction reactions: rare. Reductive dehalogenation is important for chlorinated CH

ÅHydrolysis: lipophilic ĄOH group. incorporation, hydrophilic (amidase, esterase, 
nitrilase, phosphatase)Ą acid, alcohol, or amine

ÅDehalogenation: C-halogen bond stable!

ÅHydrolytic dehalogenation(OH group instead of halogens)

ÅReductive dehlogenation(H instead of halogens) e.g. DDTĄDDD

ÅDehydrohalogenation(Instead of H and halogen = bond) DDT ĄDDE

ÅSynthetic reactions: conjugate, condensate formation



Bio -deterioration relates to the biofilm 
growing on the surface and inside the 

plastic, which increases the pore size and 
provokes cracks that weaken the physical 

properties of the plastic (physical 
deterioration) or releases acid compounds 
that modify the pH inside the pores and 

results in changes in the microstructure of 
the plastic matrix (chemical 

deterioration).

Bio -fragmentation 
corresponds to the action 
of extracellular enzymes 

(oxygenases, lipases, 
esterases, depolymerases 
and other enzymes that 
may be as diverse as the 

large spectrum of polymer 
types) released by bacteria 

colonizing the polymer 
surface. These enzymes 

will reduce the molecular 
weight of polymers and 

release oligomers and then 
monomers that can be 
assimilated by cells.

Assimilation allows 
oligomers of less than 600 
Daltons to be integrated 

inside the cells to be used 
as a carbon source, thus 
increasing the microbial 

biomass.

Mineralization is the 
ultimate step in the 
biodegradation of a plastic 
polymer and results in the 
excretion of completely 
oxidized metabolites (CO2, 
N2, CH4, and H2O).

Jacquinet al., 2019



Schematic form of biodegradation and 
phytoremediation

ÅIt isnot like thisL

ÅĄ we will discuss in
details the challengesof
biological processes
during environmental
interventions- in another
timeJ



PHYTOREMEDIATION
RHIZOREMEDIATION

Edit Kaszab



Phytoremediation

ˁRemediation methods have several limitations and, sometimes, they are disruptive to the environment . Look

for environmentally friendly treatment technologies to complement or substitute the conventional ones .

ˁPhytoremediation isa broad term that has been in use since the early 1990s

ˁPhytoremediation is the use of green plants and their associated microbiota, enzymes , water consumption ,

soil amendments, and agronomic techniques to remove, contain / retain , immobilize , transform / degrade

environmental contaminants from soil, sludges sediments , water wastewater and even atmosphere .

ˁIt is an emerging technology which offers a potentially cost -effective and environmentally sound (eco -

friendly ) alternative to the environmentally destructive physical methods .

ˁ independent of an external energy supply,

ˁhave more public acceptance

ˁnon -invansive technology

ˁplants increase the amount of organic carbon in the soil, which can stimulate microbial activity and augment the

rhizospheric degradation of the pollutants



ˁPlants ideal for phytoremediation should fulfil four main requirements ( Schnoor , 1997):

ˁ1. they must be fast growing and have high biomass,

ˁ2. have deep roots,

ˁ3. have easily harvestable aboveground portion,

ˁ4. accumulate large amounts of metals (~ 1000 mg/kg) in aboveground biomass.

ˁPlants can be used to treat most classes of contaminants ñ

ˁ toxic metals, 

ˁ radionuclides 

ˁ recalcitrant organic pollutants,

ˁ chlorinated pesticides, 

ˁ organophosphate insecticides, 

ˁ petroleum hydrocarbons (BTEX),

ˁ polynuclear aromatic hydrocarbons (PAHs), 

ˁ sulfonated aromatics, 

ˁ phenolics, 

ˁ nitroaromatics and explosives, 

ˁ polychlorinated biphenyls (PCBs), 

ˁ chlorinated solvents (TCE, PCE).



Phytoremediation

Phytoremediation can be performed both in situ and ex situ.

Different strategies :

ˁphytoextraction, 

ˁphytodegradation, 

ˁPhytovolatilization

ˁRhizodegradation

ˁSelection, traditional breeding and genetic engineering focus on the optimization of pollutant tolerance, 

root and shoot biomass, root architecture and morphology, pollutant uptake properties, degradation 

capabilities for organic pollutants etc.

2025. 02. 19.



ˁphytoextraction/phytoaccumulation ðthis process involves the removal of

pollutants by the roots of plants and subsequent transport to aerial plant

parts ; pollutants accumulated in stems and leaves are harvested with

accumulating plants and removed from the site;

ˁphytodegradation ðthis consists on the conversion of organic pollutants

into compounds with reduced toxicity through the action of internal or

secreted enzymes ;

ˁphytovolatilization ðthrough this process soluble pollutants are taken up

with water by the roots, transported to the leaves and volatilized into the

atmosphere through the stomata ; amounts of pollutants transpired are

proportional to the water flow and usually relatively low ;

ˁ rhizodegradation ðbreakdown of organic pollutants through microbial

enzymatic activity is called rhizodegradation ; the types of plants growing in

the contaminated area influence the amount, diversity and activity of

microbial populations ;

ˁ rhizofiltration ð this mechanism of pollutants retention involves either

adsorption or absorption by plants roots ; consequently, large root surface

areas are usually required for these processes ;

ˁphytostabilization ðthrough this process, accumulation by plant roots or

precipitation in the soil by root exudates immobilizes and reduces the

availability of soil pollutants ; plants growing on polluted sites also stabilize

the soil and can serve as a groundcover thereby reducing wind and water

erosion and direct contact of the pollutants with animals ;

ˁhydraulic control ðcontainment of pollutants within a site can also be

achieved by limiting the spread of a contaminant plume through plant

evapotranspiration .
2025. 02. 19.



In the soil/water -plant -atmosphere continuum, a specific contaminant can be 
remediated at specific points along this continuum by different 

phytoremediation mechanisms

2025. 02. 19.



Advantages of phytoremediation

ˁPhytoremediation installations provide improved aesthetics and receive a better acceptance from the 

public as they are less invasive and destructive than other technologies. They additionally may provide 

habitat to animals and promote biodiversity.

ˁPhytoremediation is a low -cost technology compared to other treatment methods. Studies have 

indicated that implementing phytoremediation may result in cost savings of 50 to 80 % over traditional 

technologies.

ˁIt is easy to implement and maintain, and it is effective for a variety of organic and inorganic 

compounds.

ˁIt reduces the amount of dust emission and may promote better air quality in the vicinity of the site. 

Vegetation also helps reduce erosion by wind or water.

2025. 02. 19.



Disdvantages of phytoremediation
ˁExtremely high concentrations of pollutants may not allow plants to grow or them to die. So, phytoremediation is 

more effective or limited to lower concentrations of contaminants.

ˁFor phytoremediation to be successful, contaminants must be within reach of plants roots, therefore it is 
restricted to sites which shallow contamination, with effective depth limited by the size of the rooting zone.

ˁPhytoextraction can cause contaminants to accumulate in plant tissues. The potential for ecological exposure 
through consumption of contaminated plants by animals and possible effect on the food chain is an 
environmental concern. Harvesting of contaminated biomass may be required.

ˁPhytovolatilization may remove contaminants from the subsurface but might then cause increased airborne 
exposure. In general, the fate of contaminants is often unclear, which may raise important issues with the 
potential for the dissemination of some pollutants in the environment.

ˁIf non -native species are selected for phytoremediation, the consequences of introducing them in the 
ecosystem may be unknown or unexpected.

ˁPhytoremediation may take a longer time to achieve remediation goals (some times several year) than is 
required by other treatment technologies. For instance, a tree stand may take several growing seasons to be 
established and for contaminant concentrations to be reduced.

ˁThe success of phytoremediation may be seasonal, depending on location. Its effectiveness may be variable, 
affected by climate conditions.

2025. 02. 19.



Application of phytoremediation
methods

ˁShallow contamination of organic , nutrient or metal pollutants

ˁLarge scale pollution , where other environmental implementations would by very expensive

ˁAreas with a low level of pollution

ˁSimultaneous application with other remediation methods

ˁPlant species:

ˁTrees e.g . poplar

ˁGrasses e.g . Festuca spp .

ˁNitrogen fixing e.g . Trifolium spp., Medicago sativa

ˁAquatic plants ðe.g . Myriophyllum spicatum, Saggitaria latifolia
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Scale of phytoremediation



Metabolism of organic xenobiotics in 
plants

ˁSeveral enzyme systems, not necessarily physiologically connected, 

form a metabolic cascade for the detoxification, breakdown and

final storage of organic xenobiotics . In plants , detoxification

resemble the reactions in the animal liver than the bacterial

mechanism (called ăgreen liver metabolism ) (Sandermann , 1994).

ˁThis network of reactions can be subdivided into three distinct 

phases: 

ˁtranformation (phase I), 

ˁconjugation (phase II) 

ˁcompartmentation (phase III) ðtransport and store in the vacuole

and the final step is cell wall binding or excretion
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Major removal processes and transformation pathways of organic xenobiotics in plants
(adapted from Kvesitadzeet al. (2006) and Abhilash et al. (2009)
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Phase I

ˁFunctionalization: involves a conversion/activation (oxidation, reduction or hydrolysis) of lipophilic 

xenobiotic compounds 

Iˁn this phase the molecules of the hydrophobic compound acquire a hydrophilic functional group (e.g. 

hydroxyl, amine, carboxyl, sulphydryl ) through enzymatic transformations. 

ˁThe polarity and water solubility of the compound increase 

ˁIncreased affinity to enzymes catalyzing further transformation (conjugation or deep oxidation by the 

addition or exposure of the appropriate functional groups.

ˁPlant cell not only detoxifies the compound but also assimilates the resulting carbon atoms for cell needs

ˁIn plants, oxidative metabolism of the xenobiotics is mediated mainly by cytochrome P450

monooxygenase which is of crucial importance in the oxidative processes to bioactivate the xenobiotics 

into chemically reactive electrophilic compounds which subsequently form conjugates during Phase II
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CytochromeP450 enzymesystem

Cˁytochrome P450 s (CYPs) are heme-thiolate 

proteins that plays a key role in the 

metabolism of drugs and other xenobiotics 

(Estabrook, 2003). 

Cˁytochrome P450 proteins, named for the 

absorption band at 450 nm of their carbon-

monoxide-bound form, are one of the largest 

superfamilies of enzyme proteins. The P450 

genes (also calledCYP) are found in the 

genomes of virtually all organisms, but their 

number has exploded in plants.

Their most conserved structural features are related to hemebinding and common catalytic properties, the major feature 

being a completely conserved cysteine serving as fifth (axial) ligand to the hemeiron.

They contribute to vital processes such as carbon source assimilation, biosynthesis of hormones and of structural 

components of living organisms, and also carcinogenesis and degradation of xenobiotics.



CYP P450 genefamily

Based on protein similarity:

40% similarity - one family (denoted by a number, 

CYP1)

55% similarity - one subfamily (denoted by a letter, 

CYP1A)

marking of a given gene (number, CYP 1A1)

Until 22.08.2012: 18687 protein -encoding P450 gene:

- In humans, 57 and 58 pseudogeneic

Smaller families and subfamilies are subdivided based on DNA sequence homology.

Their amino -acid sequences are extremely diverse, with levels of identity as low as 16% in some cases, but their 

structural fold has remained the same throughout evolution.



Pˁ450 enzymes catalyze many reactions that are important in drug metabolism or

that have practical applications in industry ; their economic impact is therefore

considerable.

In prokaryotes :

Pˁ450s in prokaryotes are soluble proteins . Class I P450s require both an FAD -containing NAD(P)H -

reductase and an iron -sulfur redoxin as electron donors. Prokaryotic class II require only an FAD/FMN -

containing NADPH -P450 reductase, which is fused to the P450 protein . P450s often confer on

prokaryotes the ability to catabolize compounds used as carbon source or to detoxify xenobiotics . Other

functions described for prokaryotic P450s include fatty acid metabolism and biosynthesis of antibiotics .

In eucaryotes:

Eˁukaryotic class I enzymes are found associated with the inner membrane of mitochondria and

catalyze several steps in the biosynthesis of steroid hormones and vitamin D3 in mammals .

Cˁlass II enzymes are the most common in eukaryotes . Class II P450s from plants are involved in

biosynthesis or catabolism of all types of hormones, in the oxygenation of fatty acids for the synthesis of

cutins , and in all of the pathways of secondary metabolism .

Class I and class II P450s from all organisms participate in the detoxification or sometimes the

activation of xenobiotics .



Phase II

ˁConjugation: involves conjugation of xenobiotic metabolites of Phase I (or the xenobiotics themselves 

when they already contain appropriate functional groups) to endogenous molecules (proteins, 

peptides, amino acids, organic acids, mono -, oligo - and polysaccharides, pectins , lignin, etc.); 

ˁAs result of conjugation, compounds of higher molecular weight are formed with greatly reduced 

biological activity and usually reduced mobility. 

ˁThe end products of Phase II are usually less toxic than the original molecules or Phase I derivatives ð

exceptions ! 

ˁConjugation is catalyzed by transferases. Enzymes such as glutathione -S-transferases , glucosyl 

transferase and N -malonyl transferases are associated with Phase II ( Eapen et al., 2007).

ˁConjugation of Phase I metabolites takes place in the cytosol, but it is harmful to accumulate these 

compounds in cytosol ( Eapen et al., 2007).
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ˁOf the different Phase II reactions that are most commonly involved in pollutant metabolism in trees, conjugation 

with GSH is one of the most important reactions and often the rate limiting step in the detoxification of an 

organic compound

ˁGSH transferases mediate the GSH -conjugation of chloroacetanilide herbicides in poplar trees according to the 

reaction:

ˁAlthough the Phase II conjugation system is regarded as a detoxification process of xenobiotics, GSH conjugates 

are not devoid of biological activity. Ą reducing their concentration is important in detoxification
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Glutathione-conjugation reaction of a pollutant containing an X- leaving group



Phase III

ˁCompartmentalization: involves modified xenobiotics getting compartmentalized in vacuoles or getting 

bound to cell wall components such as lignin or hemicellulose (Coleman et al., 1997; Dietz and Schnoor , 

2001; Eapen et al., 2007). 

ˁIn this phase (a potential final step in the non -oxidative utilization of xenobiotics) the conjugates are

removed from vulnerable sites in cytosol and transported to sites where they may not interfere with 

cellular metabolism: soluble conjugates (with peptides, sugars, amino acids, etc.) are accumulated in 

vacuoles, whereas insoluble conjugates (coupled with pectin, lignin, xylan and other polysaccharide) 

are taken out of the cell and accumulated in plant cell walls (Sandermann , 1992; Sandermann , 1994; 

Eapen et al., 2007).

ˁPhase III reactions are unique to plants because they do not excrete xenobiotics as animals do. Plants 

therefore, need to somehow remove the xenobiotic within their own system. ATP driven vacuolar

transporters are the main enzymes involved in this phase and further processing of conjugates may take 

place in the vacuolar matrix ( Eapen et al., 2007).
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Metabolization = Í mineralization



Phytotoxicity

ˁPlant response for the foreign compounds (plant's physiological, biochemical and molecular responses )

ˁGrowth reduction

ˁChlorosis

ˁNecrosis of tissues

ˁXenobiotic stress- quantitative parameters

ˁRelative growth rate (RGR)

ˁPhotosynthetitc pigments concentration in plant tissues

ˁChlorophylls (total , a and b), carotenoids Ɓ

ˁBiochemical alterations - production of reactive oxygen species (ROS) (reduced forms of atmospheric oxigen ) ðby

products of various metabolic pathways . The rapid and transient production of high quantities of ROS consequently 

results in what is called ʄoxidative burst.
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Eˁffect of various Pseudomonasstrainson sorghumdevelopmentin a soil containingnaphthalene(1

g/kg), phenanthrene(0.2 g/kg) andsodiumarsenite(50 mg/kg): (1) bacteria-freeplantsin cleansoil; (2)

bacteria-free plants in contaminated soil. Plants inoculated with (3) P. chlororaphis

PCL1391(pBS216,pKS1); (4) P. chlororaphis PCL1391(pBS216); (5) P. aureofaciens

BS1393(pBS216,pKS1); (6) P. aureofaciensBS1393(pBS216) in contaminatedsoil.
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Phytoremediation of Heavy Metal 
Contaminated Soils
ˁRemediation of inorganic contaminants differs from the case with organic compounds (organic

compounds can be mineralized )

Iˁnorganic contamination must either physically remove the contaminant from the system or convert it

into a biologically inert form .

ˁPhytostabilization , phytoextraction , rhizofiltration and phytovolatilization -Selection of plants for

phytoremediation of metals depends on the particular application

ˁBesides plants rhizospheric microorganisms play an important role in metal removal from soil.

ˁPlants that accumulate toxic metals can be grown and harvested economically, leaving the soil or

water with a greatly reduced level of toxic metal contamination .

ˁDried, ashed or composted plant residues, highly enriched in heavy metals may be isolated as

hazardous waste or recycled as bio -metal ore
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Plant Adaptation to Metal Stress

ˁTwo responses can be distinguished in the presence of metals ðmetal sensitivity and metal resistance

ˁResistance means that in spite of metal toxicity plant reacts in a way that allows it to survive high concentration 
of metals, and to produce the next generation of plants

ˁResistance :

ˁAvoidance (mec hanisms for external protection of the plant from metal stress )

ˁ Tolerance ( the plant is able to survive internal stress imposed b y high metal concentrations )

ˁPlants that are tolerant to metalliferous soils can be divided into three groups according to the metal 
concentration found in their tissues (Baker, Brooks, 1989):

ˁ1. accumulator (uptake of very high levels of ions to the extent of exceeding the levels in the soil )

ˁ2. indicator (take up metals at a linear rate relative to the concentration of metal in the soil )

ˁ3. excluder (takes up metals but restricts increased concentrations in the shoots until a critical level is reached, 
above which metal concentrations start to increase )
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Hyperaccumulators

ˁHyperaccumulation : Content of specific metals in plant tissues exceeds levels that are actually required 

for normal growth and development .

ˁHyperaccumulators can concentrate metals in their aboveground tissues to levels far exceeding those 

present in the soil or in the non -accumulating species growing nearby.

ˁA plant containing more than 0.1% of Ni, Co, Cu, Cr and Pb or 1% of Zn in its leaves and stems on the dry 

weight basis, can be considered a hyperaccumulator, if the accumulated amount exceeding the metal 

concentration in the soil

ˁBasic characteristics :

ˁplant must be able to tolerate high levels of the element in root and shoot cells: hypertolerance is the first property 

that makes hyperaccumulation possible,

ˁpla nt must have ability to translocated an element from the roots to the shoots at high rates,

ˁ there must be a rapid uptake rate for the element at level that occur in soil solution.
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Agrostis stolonifera accumulates 300-times more of arsenic

from soil than other plants growing in the same area

Minuartia verna contained 1000-times more of

cadmium than was in soil

Alyssum and Thlaspiare very good nickel hyperaccumulators

Sonchus asper has hyperaccumulation

capacity to Pb and Zn

Sedum alfredii was found to

be a hyperaccumulator of Cd



Steps of m etal accumulatio n

ˁMobilization, root uptake and sequestration

ˁCation exchange by roots

ˁTransport inside cells by chelating agents or other carriers

ˁRhizosphere effects

ˁTranslocation : Metal absorbed by roots are translocated to different plant organs by the same

ˁphysiological processes as are used to transport nutrients

ˁTissue distribution and storage : The distribution pattern varies with plant species and element.
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Schematic diagram shows the uptake, 
translocation, and sequestration of heavy 
metals in plants.

The organic compounds involved in
heavy metal ion chelation include 
organic acids, amino acids,
phytochelatins(PCs), metallothioneins
(MTs), and cell wall
proteins/pectins/polyphenols



Increasing 
Bioavailability of 
Heavy Metals

ˁThe strategies used to improve heavy metal 

phytoremediation, including genetic 

engineering, microbe-assisted, and chelate-

assisted phytoremediation
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Metal hyperaccumulation

Hˁyperaccumulation provides a defense against herbivores and pathogens, an idea

termed the 'elemental defense ' hypothesis

Tˁhe molecular mechanisms of metal hypertolerance and hyperaccumulation are likely

derived from alterations in the basic mechanisms involved in general metal

homeostasis .

Gˁenes involved in metal transport, synthesis of metal chelators and oxidative stress

responses are constitutively and highly expressed in metal hypertolerant and

hyperaccumulator species .
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ˁStrategies for As, Cu, Zn, Mn, Fe, Cd, Ni and Pb uptake by 
plant roots from soil through different active transporters 
(ATs);

ˁZIP/IRT, zinc, iron regulated protein; COPT, copper 
putative transporter; NRAMP, natural resistance ï
associated macrophage protein; HMA-heavy metal P-type 
ATPase; H+ATP, HA-proton efflux transporter; FRO -ferric 
reductase/oxidase; PEZ1, phenolics efflux zero1; TOM1, 
efflux transporter; YS1, yellow stripe-like1; NA, 
nicotinamine ; MA, family of mugineic acids; LCT1, low-
affinity cation transporter; GNGC channels, putative 
transition metal transporter

ˁ(B,C) ; Tolerance mechanisms for metal(loid)s in plants: 
(1) binding of metal(loid)s to the cell wall, (2) chelate of 
metal-organic acid on the outside of the cell membrane, 
(3) active metal efflux from cells, (4) metal -chelator 
complexes (5) compartmentalization or sequestration in a 
vacuole; 

ˁAts, active transporters; MTs, metal(loids); OA, organic 
acid; NA, nicotinamine ; AA, amino acids; GSH, 
glutathione; PC, phytochelatines (D) .



https://www.semanticscholar.org/paper/PHYTOREMEDIATION -POTENTIAL-OF-VETIVER-GRASS-FOR-Suelee/2039e68973178d85f5001d685c9e11391d8 ed409

Vetivera zizanioides : has an ability to

accumulate multiple heavy metals in roots

and shoots ðgood candidate for a wide

range of phytoremediation purposes .

The root system of 
Vetiver grass in a 
polluted wetland 
under natural 
conditions (Darajeh
et al ., 2019)



Tˁhlaspicaerulescens, a hyperaccumulator of zinc, nickel, and 

cadmium, vs. the bacterial pathogen Pseudomonas syringae

pˁv. maculicola(Psm)Ą hyperaccumulation of any of the three 

metalsinhibits growth of Psmin planta.

Mˁetal affects the pathogendirectly.
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Thlaspi caerulescens the only perennial weed that 

can survive in zinc and nickel contaminated areas, 

adsorbing these metals by phytoextraction



Mine waste in Serbia
ˁPlant growth promoting bacteria (PGPB) present a

consortium of bacteria that colonize different niches

of plant roots and they can degrade pollutants more

efficiently than a single species/strain .

ˁRhizobacteria, such as Achromobacter , Arthrobacter,

Azotobacter, Azospirillum , Bacillus, Enterobacter,

Pseudomonas, Serratia , and Streptomyces have

been found to have beneficial effects on plant

species in metal -contaminated environments

because they can reduce the metal toxicity by

biosorption and bioaccumulation .
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Epilobium dodonaei

Robinia pseudoaccacia
Calamagrostis epigejos

Equisetum sp.

spontaneously colonized plant species



Mˁicroorganisms in the rhizosphere significantly increase heavy metal availability and

uptake by plants (Vamerali et al ., 2010; Sheoran et al ., 2011). These microorganisms can

secrete enzymes and chelate into the rhizosphere, which lead to the formation of

heavy metal ðchelate complexes, thus improving heavy metal uptake and

translocation (Clemens et al ., 2002).
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What can we do with biomass ?

ˁOne of the main concerns regarding phytoremediation is the crop disposal after phytoextraction processes.

ˁSas-Nowosielska et al. examined various strategies :

ˁcomposting, compaction, incineration, ashing, pyrolysis, direct disposal and liquid extraction

ˁ Incineration (smelting) the most feasible, economically acceptable and environmentally sound. 

ˁOther authors have defended the pyrolysis of hyperaccumulator biomass, since char can be considered a rich ɄoreɅ or 
metal concentrate, which can be processed for possible separation of the metal in a conventional ore -processing unit

ˁThe addition of biochar (the product of pyrolysis) to soil has been also suggested as a means to sequester carbon, thereby 
reducing the effects of human -induced climate change caused by CO 2 emissions



Case study

2025. 02. 19.

Aˁpproximately5.6-38 103 tons of cadmium (Cd) are dischargedannually.

Eˁasytransfer through the food chain and a long-lasting biological halflifeĄ terrestrial-borne Cd has 

potentially become one of the mosthazardous metallic pollutants to human beings and the 

environments

Gˁlobally, nearly 12 million hectares of croplandsare contaminated by cadmium (Cd)

Gˁenerally, Cd is absorbed by the roots of plants and thentransported to the aboveground parts

ˁRoot-to-shoot translocation via the xylemand xylem to phloem at nodes, then eventually into the grain.

Aˁvailabilityof Cd in the soil& genetic background of the plant



Case study
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